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Abstract

The optimal design of floating type fisheries facilities in the open sea is demanded consider-
ing with the severe hydrodynamic forces on floating body, mooring tension and holding force of
anchor. For conserving the facilities in most effective state, design and selection of anchor sys-
tem is one of the most important fundamental subject.

To enhance the design procedure of anchor system the holding forces of anchor are investi-
gated by the hydraulic model test and are compared with the typical conventional results for
various anchors. Applicability of previous estimation methods of holding force are checked and
holding mechanism of anchor is discussed. Using the results a new computational concept of
holding force is suggested considering mainly the effects of passive soil pressure (resistance),
steady soil pressure, and surface friction etc. The new estimation method is proved as a feasible
one by comparing the results of hydraulic model experiments.

Applicability of various anchors to the anchor system on open sea fisheries structures is com-
prehensively reviewed using the present model tests and previous study results in the view-
point of economy, construction and stability etc. Using the results, fundamental anchoring sys-
tem design procedures are suggested to apply huge marine ranching complex with increase of
the holding capacity of anchor under the optimum cost.
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Fig. 1. Design flow of floating fisheries structures.
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Fig. 2. Configuration for typical mooring system.
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Table 1. Effects of basic parameters on anchor behavior
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49l £ & FA PR AYe) Aste] 38
@ %5d e 28 SL HAk oh, 271349
gel7t gols= % HFetAU st wolok
@k ARI 29 HFYE 72 YA, £, AR

Fundamental Main function
parameter Opening  Penetration Burial Stability  Holding force
« Distribution of Masses — o] o}
rotation axis position
« Trimming palm area o]
» L/F ratio of fluke specing o]
» Fluke space area 0 o
Geometrics + Bearing surface of shank 0
» Shank length o]
« Stocks, stablizers o
» Fluke - shank angle ] o]
« Pulling angle le]
L Burial depth o]
. } * Mechanical properties of soil o o ¢} o o
Mechanics L » Fluke roughness le] o o]
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9, dF 24 T A e 3x 9
FANEEZA Y T8 A 2P 2N
FAEY TS e A V15§ e AFA
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(2) %524 (embedment type) : 319 AF
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HE AT Yoz, FHE da) 2 A
g g A Fete ey AFrxolth 2N,
Navy stockless, Danforth, Light weight, Boss
and mushroom 77} J&H o] EL2 =), A F,
AE FoA & &37t gt SHE £32Ho] 3}
23 o Beje Aol Y, SFYe] B E o
MR AA A EP(dragging)e] &} o
2, B AL BAF N2 Y29 4A
2l Steven, Flipper delta, Bruse, Vicinay CS,
Delta tripple® 2] 77} glct. o] & dHA 2 54
& Table 29} 2t}

(3) B84 (composite type) : T2 < Al &
5 &5 £ A Yo FUHE A 252 LY

Table 2 Various types of marine anchors
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1) o384

w38 4] 1% 82 anchor flukeo] #)Ax]A
o 2 Eolrt Y wdke) T HHo] Ags}
£ Zolm, o8 F 71%e & BH3E AHR
Y Jo] metslo} e ARE Bol AHgH 1 i)
a3y SFY A6 g o3 el At old o)
T HE S8E JaAME AFY e nH Y
a3 L8717 E FY sk Aol WA, oo #
T ATE A e AF0H, FH9 A7E F
2 PA9 FFd nHASF T vAA S

Type Fluke - shank angle(®) Shank Flukes
Stock Long articulated stock 40 Articulated Small surface area
Danforth Articulated in stock 40 Articulated Large surface area
Steven Short stocks fixed on the flukes (S):32 Articulated Large surface area
(M) : 50
Flipper delta Stockless anchor with (S): 36 Articulated Hollowed out
lateral stablizers (M) : 50 triangular
Bruse Self stabilizing 40 t;:;i: ;ﬁ;::-
Vicinay CS With long articulated stock 40 Articulated Long, narrow and sharp
Delta tripple Juxtaposition of 3 delta 30 Tripple 3 Triangular flukes

anchor with fixed angle

S:sand, M : mud.
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Table 3. Hold force coefficients of anchor and anchor chain according to bottom materials

Seabed conditions

Coefficient
Clay mud Mud Mud/sand Sand Fine shell Shingle Flat rock
Ca 10 : 8 7 7 6 5
Cc 3 2 2 . 2 15 15
2 a2 gtoh anchor fluke?} Ztx, 6 HA ot} o] 4L

dutd o g PA 9 JFYH)L A 3
Tl vl ste, A FMlo] AZHANULS B+
oe A (D 3ol AU FA Haste A7
go] oz Atate gt

Ht=CA WAw+CC WCw (1)

A7 M, Cu AAS DAS, Wy, & 37
#2339, Coe 97 AQY 2AAS, Wo, & 3
A AA) £3FFolt}. o5 AFE HAFES
REH(1959)914 A48 der, 2 e
Table 33} o] Ao whet 4] thas vheht
1.

7, ZARA ) hF FFYL 4 (2% 2ol
AT 5 AT CAEBPAEMEIR B L s,
1991).

Clay mud : H,=8W,, > (2)
Mud : H=5W,,*
Sand P H,=3W,,

Flat rock : H,=0.4W,,

714, Hee 4#A e 315 (ton - force), Wy,
v 3A9 £5353FE Yz Utk 4 2 B
T AN FF A EATHE RS ¥,
FA e ¥4, FAZRE 59 92 neistA] g2
g4 o).

B $(1983)< anchor flukeo] A 51 &
oJ7t HAAA, do] & HAAZAE A3 4 (3)
o e B3y A A& ALAT

H,=k W,,=W,,p, SL tan(a - 8)sin(c — 8)

(3

0:17]}"], kt‘__‘:‘ 1%2‘]:’:0]1}17 WAwE' 087‘]9] 4‘—%
ZZ p= A4 A%, S, L2 anchor flukeo] 5t
o B W HAEH L Holo|H, aE

Aol 23 Ao gL nald Ao, A
o W g Yo zez EHE A L A2
9] F3 Sol 3] nHA B HAE AFY
& ok e, ojd EAHES 1T g5
At 2ol F el asitta JzHErct.

ES, ASdo2E 938 Byt olyY g anchor
flukeo] A 29} A7} 80|37} S FA7t o
o, AFo] Byt Ab7} old A 1A Yol
AR A 4 FAH 5= AEHT itk #H,
A5 & Wako] AW FA T, o] R o] AAZ
z} ¥3ly 7 $o& anchor fluke 239 2yt
AY 52 FF80] F43) S8 Hol 2 Y
o] §43| #astA Ert. o] & WA 3] YA e
anchor fluke S =& FA st WY 5% 1
g 5 Uk

2) $44
Y42 2y FIPJEY L 3t 9
A E o] o5t Holr} ol nH o] BFA 9 TF
o o &3l T2ES FAAF7] fEeln}t. 18
U s AA gt He £e HSHA HE
A3 ek ol HA S v S WA
o], sPEHc2E AHe nl@H Y L
A EqHe wtA "t} a3y, T Auae
olg| gt ny Yo LI FE R ¥ U
8 £E 5% g2 sty Yot

#HE1973) T84 A dEYQ) E3YE
BEd it A ol BR ¥ Ao
2 2E 292 PAo 1Y AF AL 4 (4)%

ol AletatAct.
1 1

(G,- 1
H=g Wan=5"" "¢,

Wi (4)

g7, G E2YE B ¥F, W,,e 3
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Fig. 8. Definition of holding force for embedment
type anchor.

Fig. 33} 23, 4734 2 4 (6)34 2.

H, =P, +Pp+P; (6)
=0.5 K, YA* b+uW,,+p,V, sin 0
(or p,V, cos 8)
H,=W,, +W.,

A7NA, Pye QAN FEESC A% 4L,
Ppe AR Ad o3y, Pe QAT 379
FESH 3 &S veEhdth 23, K& 59
BRG] FEERAFEA BEL HEES
MBI R E R AREE99DA Ban, 4 (7)
T} Zol vehd 3ok hE AR FEL, v
SAANE T £55%, Wy, ' AL F55%,
We, B d7AALE F55%, o= A 2E, V.
AR 7S Fo A A, pe vt BAF2A 4 (8)
o 2.

K= cos*¢p
P cos 3, [1—(sin{¢ - §,)sin ¢/cos §;)*?]*
(M
u=Kolh,/ L, +0.5vh,2 W)+ i, (8)

714, ¢ A Do) Wk §e HAIHE
Hovk a2, pe A% A9 vpdA 5(=tan
golth. W, A A o] vpFA 4 R wp&zt2 Table
4 o} e}

2) Fd40 We A3y 4y =9
zENe BFYe APl A 279

o AHgsHE 3o 2A olde) WY e F2 A

#7129 £33 %0 valste 02 By

o] AgtE ] Yo, A7 e FEA 9 57 vpF

-138-



AR7I2Y 7Y JPA FF AT

Table 4. Internal friction angle for various bottom
conditions

Bed condition  Particle condition Friction angle (°)

Sand 0
Mud Equality Loose 28,30
” Dence 35
Angled Loose 34
” Dence 46

Fig. 4. Definition of holding force for deadweight
type anchor.

Y UL FYYE P 2FHE TP AL
2] (9)¢} 2ol Yehl 1, A3 R d 9 By E & Fig.
49t 2. B, AN 2 E 5] 9@
2% 2 9 ol A AFII2Y BRA =
o]E 48 5 Uk Ao A3 Ko ¢
F2E A 2HEH S g3t x L 23] 3
FY H,HE 38 53Rz g

K
Hx= )l:PkFx
X
Hz= Z‘:WAw+Psz 9)

A7, Pipe kN2 FH4E E3YE EF £
Egeol 2&ste o LW g FAA
o] EHvAE S Jeh, A £ B 5 FH
BAE, S S 79 AALE GEhd
t}.

3) A4 g g AFed
DAL FYY, 24E, &Y Fol AT 3
A 2 AFTIAEZA FFE(@nYFY)L R
e 283l EAGE 2 EFa o o] vt @
o 9|3 A o] F L3t Ao ndtd A
A2 L AtsiEct 2 2 &€ Fig. 59 2on,

!
/ %—— Earth pressure

Fig. 5. Definition of holding force for fixed type
anchor.

THAYL A (1003} 2L Egto] A&3te AL
2 12318+ Uk

¥ DEP tan? (45°+—;’—)
Q= 2a+H) 10

A7, y& Ade) BAAREE, o= Ao
Wenhaz, D sdel 4%, He el 5ol,a
£ Ao 237 ge Hde) Fololh £AAY
e ERolag ARz $3F3%L2 4
(1D% o] 2 4 Aok

L,=F,+G' (11)

Ad71M, G'e Hd 8 #5335, Foe Edntay
22 4 (12)8 o] vehd & 3l

F,=nD [ fdz (12)

o7|M, fe o BUATF ERivtdg o g At
Ao 2 11~14& A} 8§t} (Hogervorst, 1980).

TFE MFol TE SalzYAY

1. AlR7IEe S22 8dH

1) 2y 2 AP
(1) 28 Az
£ AP E B84 448 AP
Fo) Bag AAe] 3% 2 ARz AR5
g 7937 fkol 384, HFF4 2 nH Aol
e Yud RS fadoz 2y AZEgch

-139-



A5 - FAZ - AFF

S 2e] A 25 PF o X2 PA, T4
9] A% TAYE ALEE S, nAHY L &
28 988 U & AYE o]E9] RF S AF
st 3, AFA AATAL A v F
g 938 A3LE gdolry] 98l d7kA] P
o A FAs 4A& P

AAA A FeE 1 e 300kg(F715)] 3A
g APFze F2E nasto /202 248t
15kgo 2 A& &R or, AAHAN 2 A=

Table 5. Prototype and model for stock and dan-
forth anchor (unit : mm)

Stock anchor Danforth anchor

Symbol
Prototype Model Prototype Model
A 1829 673 1630 600
B 823 303 - -
C 1239 456 978 360
D 299 110 -
E 304 112 951 350
F 484 178 - -
G 247 91 190 70
H 170 62 1521 560

Table 6. Model for concrete block

Dimensions Model
Weight (kg) 15
L (mm) 390
B (mm) 190
H (mm) 100
G

z}z} Table 5, 6, 7 % Fig. 6, 7, 83} Zt}. ng &
2 (13)°] o3 A% FYT AR AR

W, Ly

S, 3= =
Pw,o Ly

(13)
%, W AE AN FA, W 28 A

A, L& A% A Zol, Ly 23 479 2

ol 8 VT wheha), A 4u) S, L A (14)8 7

Table 7. Structural condition of model for fixed pile

Dimensions Case 1 Case 2

Weight (kg) 0.1 0.2
D (mm) 32.0 48.0
H (mm) 20.0 20.0

D : diameter, H : height

Stock anchor

Fig. 6. Typical shapes of stock and danforth anchor.

A : Length of shank
E : Length of fluke

B : Length of arm
F : Length of head

C : Length between bill
G : Length of anchor ring

Danforth anchor

D : Width of fluke
H : Length of stock
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Case 1 Case 2

Fig. 8. Typical shapes of fixed piles.

9.
S, =3 _1/71/_ 0.368 (14)
(2) 48 A=
Ago] A2 =2 FA7F 20mm< FRPS

Zolx, A7+ 2.6mx1.2mx L.1m(LxBxD)g
o AR = Fig. 99 Zo] &£z 99 7}4}1}
2ol 2m #olo vAYQl AAPF NFE A ¢
i 2 Fe 2EA(E-F 500kgHE A X310}
82 224X Z3E YL AdA g
OAd oz FAHEE 3igon, 238 &
Ae F9 7E(0°, 30°, 45°)8 T3 oz

12222

)’

AT AR AT Aol AHEE REE o=
o] A F2E(DC 110V X 0.75Kw)2 A, 3| A
S5 4478 o] 83t A & Tt

2) A¥wy

AA& Fx vt 35cme] o2 A % 3
TE FYstn 2L YHo] HES § F 2y
dA el FHEE anchor arme] 2 & Huz
delA @402 YojYo] anchor shankg A
AW HgPstA YA EE 33 anchor ringd
FEE AFAE AAYZ AFFY 2559
Je TR E B3 o =g MY 2=
o ejai A Fol FFE # UAEE A}

A E A EFS AE 2 5em AL ol
o AAstn, nAd sde AF o2 A
ol o] FA 9} FU P FY e 24 3}
Ak

AFA T 371X 9] vhg o2 virolA A
€ PaATh AAA P2 A F2He AE(PA
A 2= A7R])E PPE X9t Al 83t3, PP2 X 9
3 H& Al 2kge] F(clump)E 2o} &3
W3S ZAAH FUA DY AFAe 13
< dAAUN R dH3 D, YA 2/ PPE T
& d23td A F2hg FAAY. o] B¢ Al

Water level

—_—

Seabed

Fig. 9. Experimental equipments.

A : Model anchor, B : Single block, C: Load cell, D : Electric moter with reduction gear, E : Pulling rope
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27 D& 6mmold, BAlE 2.2kgo]ATh A
Wl e BFYe] ZUE $dtd 2UA WY F
7bsted U3 X Aol 2kge) F& SRkt EF, BA
o} AlFAztel A2 g gstd wFge Mt
dolB e AYPx PPt

a9, gL RE} & A& F5A1A anchor
arme] A& £og @A g3 So|7kA o o]
o] AWV US| FHS FHo 2 WS
TE 400rpmolAh A3 FE 53 Ao, 1
PFAE patod HuAFE o2 A

2. oFY 54 % A4FY HE

1) 33 AF7=

FURPANYL A5 JA, X2 YA L Y
Aol thal WA s 3532 5492 Table 8%
ol Fe ¥ 4 it

Table 8| A 9} go] 25 o§FA 2| HAFHL
42kg, AX = AL HNAFH L TThg2 UE
wou, Tl AFAEd T AR e E &
o] Rolx Ut 53] R e ¥WEol
Av], B AT AL AF A 2@ de
A 2 dxstn Yok dAL FF £ AP
Table 8. Comparisons of maximum holding force

between measured and calculated values
for stock, danforth and hall's anchor

W s}ol oh& 359 W Fig 10~ 129 2ok

2) ¥4 AR7I2

84 ZAUE £ i HsFH
Z% A 3}= Table 99} 2t}

z229 AYA = 1Thgolgd ey, 23 Ho A
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Holding forces (kg)
Methods

(Bed conditions) Stock Danforth Hall's

anchor anchor anchor
Measured
(Sand) 40.7 74.7 56.9
(Mud) 42.0 71.0 58.9
Sato (1973)
(Sand) 91.0 91.0 91.0
(Mud) 104.0 104.0 104.0
Manual of fisheries

structure (1991)

(Sand) 39.0 39.0 39.0
(Mud) 30.4 30.4 30.4
Jo (1983)
(Sand) 31.7 110.3 379
(Mud) 354 115.3 42.4
This study
(Sand) 421 72.4 55.1
(Mud) 43.5 79.5 60.1
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Fig. 10. Hold forces of stock anchor with change of
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Fig. 11. Hold forces of danforth anchor with Fig. 12. Hold forces of hall’'s anchor with change of

change of anchor weights and bottom soils.

Table 9. Comparisons of maximum holding force

between measured and calculated values

for deadweight anchor cER!
Items Holding force (kg) Aste
Measured 17.0
Sato (1973) 75
This study model 16.6
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Fig. 13. Holding forces of concrete block with
change of block weights.

Table 10. Comparisons of maximum holding forces
between measured and calculated for
pile fixed anchor

Holding force (kg)

D(cm) Hem)
Measured Calculated
3.2 20 4.4 4.3
48 20 6.3 6.4
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Table 11. Comparative review of various anchors in the viewpoint of function, stability and holding forces

Anchor Soil Opening Penetration Burial Stability Holding force (kg) HP/W
Steven S) fast good no middle 1000 10 Alain
(100kg) M random  good (if flukest ripped) deep unstable at depth 2500 25 Puech
Fliper delta ™) fast good o middle 1000 10 (1978
(100kg) (M) fast good deep middle 2500 25
Bruse(50kg) (S) good burial depth depend high 600 12
on the traction angle

M) good shallow highq 250 5
Vicinay CS S) normal partial by no lies down on 1500 132
(114kg) jerks stock without

(M) random satisfactory if possible if good if 500 44

flukes tripped penetration occurs penetration occurs

Delta triple 8) on the spot deep high 4500 45
(100kg) M) on the spot deep high 4500 35
Danforth (S) normal good deep low 74 49  Exper-
(15kg) (M) random good deep middle i 51  imen-
Stock ©) fast good shallow high 41 g7 talre-
(15kg) ) fast good shatlow middle @ 29  sults
Concrete block (8) good shallow high 17 11
(15kg) (M) good shallow high 19 11
Fixed file S good deep high 6 32
(0.18kg) (M) good deep high 7 37

S :sand, M : mud.

1.00
0.75 F 0
[
~ 0.50 +
& O
O
0.25
0.00 ] 1 { 1 1
0 15 30 45 60 75 90
B(°%)
Fig. 14. Change of relative maximum holding
force by pulling angles.
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Table 12. Variation of maximum holding force
according to various mooring systems

Holding force (kg)
Types of mooring line
Concrete  Stock Danforth
block anchor anchor

Rope 17 42 77
Rope+clump 20 45 80
Rope+chain 23 52 85
Rope+clump+chain 26 62 93
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TR APAM = AFAE 2ovo g 74
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