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In this paper, the stability of the headstone was
estimated through the analysis of the physical
relationship between the external force and the field
force in the situation of the headstone of a barge-type
vessel. The relationship between the wind pressure by
wind, hydraulic force by ocean current, and drift force
by waves, which are the main external forces acting on
ships, was examined, and the external force acting on
the ship was estimated according to the strength
during typhoon invasion. In addition, the stability of
the headstone of a barge-type ship was estimated by
applying the field force according to the weight and
depth of the anchor.

HFZ|& AEf(Barge-type Vessel),
o} (Holding Force), @7 (Anchor),
AF(Sinker)
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A Study on the Stability of Anchoring Vessels Based on
the Analysis of the Holding Forces and External Forces
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oA (= 1),
A ;ﬂtﬁ] Zold A (m?),
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TdEo=E ’\4741—4 710] ’“fﬂOP ’d
9] WA, OH-,T-J & 55 7] %2 Froude(1872)7}
221 off A (Froude S A1) #-&5to] Y H
oA AS o] &5 TH7-10].

1
Fevrrent = EngF.OSU%dgzs [N] (3)

7| A, g FE 74 % 9.80(m/s?),
©: 3l 8] 5 1.025,
Cr.o: Froude 9] n} 22 A %=,
S: AEEEH (m?),

Uw: F%(m/s).

Froude®| Tt A A= (Cr.o)= A A 20|17t Z7}
= gho] Aottt 10 m¥ F7tste= AA 4ol
oho} upR A G A S (Cro) #2 ©1321(2014) 9] A A
of AAI= o] ATH10]. E =A== 499 AA 4
o|(L)oll tH-&3t= Al & 271 fI5ke] o] %<[10]
o] AAIZt Cro &S x = logL (10m < L < 300m)
2 AASH 2] (4)9F Zo] sAA 0 &7 AR g
A&

Cr o = 0.00686x> — 0.06085x*
+0.20092x3 — 0.29754x2 4)
+0.16945x + 0.14020

7|4, x =logL (10m < L < 300 m).
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ot AlS EE&StR o[, B2 i E7Y
= Remery(1973).,] AT A3l 1/82 A-&5to] 7
AbshTH12].
Fuave = 580w CuLh? [N] )
7| A, g 57t E 9.80(m/s?),
w: M BE 1.025(kg/m’),
Cw-—‘H‘—'n‘ﬂ]‘r,
L: /d;‘q] Zo] (m)
3} 213 (m).
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W, 714 oFet A e
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IS Adro] FHlstal Q= 29| SR &
(09 BAE. viehe el ke B
H 79 HEot o] ¥7

BBl Zzst vigte] FL 3 Rl ]
(geostrophic current)©f ]3] 7513%11}. webA] ARk
Al viete] o3t ERSR f4s
2uksl e ok & 9tk 842
20g% Fz gasted, oldd WS 49

“wall boundary layer’2 9] &4 Aot 2184

T o] % vigho] R Aol Mk (wave
breaking)7} w9~ ZF5HA Yt juto] OH iy
Aol UdRe B9 6H o BHlE % oUA =
olg] 72L& 5’—77]—1] oz 1Y -?_—C,ﬂ'——(surface
mixed layer) 9] % % H oA A ghet. mEbA
B o] O BRI 3% WakE BT 9L

I

S7HA IS B 2] A =
Kudryavtsev et al.[13]-2 3 m/s — 15m/s2] v}
3] $4 0.25 mEE 5 m7HA| 9 S48 =7 5}q

245 A3 245 949 T8 t] A E (gradient) 7}
“wall boundary layer”9] -9E T} 2~58] Z 0 o]

H}FJ-Oﬂ 9]5t Hju}(breaking wave)2] ¥Ajo] FQ

AAY S BolF3 ek whebA 73t HHE Fus
= Ee 4RIIAL BE 285 2017 68
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EEEEEERPEL ELSLERDREE
BEo R A8 WAYSHE F4 Lk 12 oo st
745 vkl o3t ERARY) S50 B ATE =
39 AS1E AEA LU AR YA A2

Chang et al.[14]% 1999 F-E] 2009 A 7}A] E-A] €
HoF X oA AT 24 20 m/s — 50 m/so] |G
SHe whgT EESR(EE 4 15 m)o] BAE B
Aoz EHFY &2 HHior g &
9] oF 2 %ol & vrE O] Wy 22 ol
AATE 24 35 m/sQ] - S50 2 X 10° HEF
=, AP 7Y FS L5IAS Hol= FAR 2
7t EbE S 2 A

Chang et al.[15] 2004~2008d o] &-A] €j 1§ 0]
A 7HE 18] 5(Saffir-Simpson hurricane scale)7}4]
Ry DR ESCESUESIE S EACRES
24015 m)S BA] EHARY 352 BE (G

a2l 5)9 olE&=(UnE SHHTE St 3
’9., a9 BE9 7H ALY (S)E SHHT R She
A 44 AR 5] FA9] B 5 5E°l
Eote o]F&H =7t W2 HHFO FHo] g
7] W &of eF9] o] 5L E slow, typical, fast@] 3
N o= FET T, slow?} fast2] H =0 st
L 84 AR T AT A EL] 2% -
4% W Slo YT & % ek,

Fan et al.[16]2 2008 ¥ 2020 71A] EAH|
e}, BEAHY, AR, BRI HAT 170
Mol @A A 7] (tropical cyclone)?] ZF 45 H
gt BHohF A 15 m)E BAste. 24 23
EWslRe] A543 PFS Ay A% H2u
Az} 9Euo|H vl HHo]n, Haurelo] Ao
G52 u1A719] oF 2 %, 9HUANA L oF 2%

4 %0 IS HolozH AA AL Ayt &
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Lodise et al.[17]0] %3t 41 o}&gf 5 ¢cm, 60 cm
oA 2] 942 10 m/s — 20m/s9] v}Zo] thate] Z+
7} 3.4 % — 6.0 %,2.3% —4.1%% A0 Z YEGT

o4 AHRES T AFA FE22% -4 %
HAS 7HAH Zlofof whet oF 4 A4Sk
T Atk &4 AHre] 47110 m ol A
sto] & AFolA {4 ALt AHESH= 7
%93 %2 AU
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Table 1
o ANLE A AW FLAAL 167 m, FU A
ERE ALE 99 Ba A

B 55 ALE AT BA% 4A9 2AL 22
2.7 tonf, 33 tonfo] 11, FHt-A7]-A7 7+ A Q19 4
o]+ 77t 54 m&} 27 mo|t.

-

o

3.1 8)oket o] W2 Aluto] o 24

Fig. 4% Table 19] *M gHol A (2), 4 (3), 4 (5)
g A gste] B4, FUY, RRYL log-scaleR
Ued Rolth. £, BREL 247 B4 wy
o] A Fol vl 4% 49 1.825 AT
v sl 2 247249 7127 =2,2,1.8257F Hth. &
9] 9= 1.00 m/s — 100m/sZE AAF5FF I, F59
WL £40] 3 %2l 0.03 m/s — 3.00m/s, T19]
HY= F£910 %2 0.10 m — 10.0 m= A A5FA

/ Height of the 2nd deck: 2.4 m
Height of the 1st deck: 2.6 m
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Table 1. HEX|S MEfH(barge-type vessel) 2| M|
e 2] 2t ‘ A
B 2u 1.204 kg/m?
HH ZUAS Ca 1.000 =ZorR| p,, = % paCaAu2 [N]
HH SYHA A 84.26 m? [18.6 x 1.1 +14.2% 2.6 +11.2 % 2.4]
AHIZ0] L 58.20 m
DREXEAI Cro 0.1441 1
oor.—_5| F . - C S 1.825 N
sieE Pu 1,025 kg/m® U Forrens = 380CroS00™ [N]
ErHH S 1,339 m? [58.2 % (18.6 +2 % 2.2)]
B2 C. 0.17 ERE Fyge = 5800 Culh? IN]
Aelel e A 1,700 kg/SHOT
- - A lZ _ZZ
S0t-Al7{ 7} ®[O] 2 LY P
510t-A174 74 Q1 20| ! 54 m (2 SHOTS) 2(zsece —Z e)
o] z variable
71, RO A% Har Hs 10
HIRlo| mzEA Ue 1
Oo”?‘i -?-7‘” Wq 2,700 kg He UaWq + W +ﬂcﬂ-(d + do)
A7 27 ws 33,000 kg 1+ p,tan 6
A7A-WAH ZHH|Q1 20| do 27 m (1 SHQOT)
2t-A7{ Ztholding part 20| d 0
oh. 4§ B &L Table 2014 SASHA A5G Table 2 AU 714 BE SF B2 9
o e me] mEw sl @ £Fo] /g 2 2 vehdl Zolth 2g0] 4 Mg ARl B4, 44, 7
A AL, SO vhge] o3t FFeol g T AR TP BAEZ 7147] R, Fo] Fof
SRl o S L julsA A8 AL B AW 957 RLE AHT WY WA Fasto] 4
AL ot B AP HEN 2L AEOR AR 2% S ek o) B9} A A4S vhgoR B}
sgsto] we A g Aubo] Bt 9L T L F49] 10 %S G 3hE, B 39
23t Zojoh ANl sieF A NA & st IHY BAE 7] A5te] S5 f459 BAE Lot
Aube 47 42 N5 $E0F #AEEE HOTh oS HIR O R §42 F49 3 %5 A &3}
shgol ogh Fdelnct shol ot feol WA itk Table 19] MY /1R R} B, f%, W} 5
2 oJapg uA |t AmRE A (2), 4] (3), 4] (5)2 A83ho] B, &
U, ERYS 4S5, HFSH R ol At
10— Foyprn (o) sto] 98 9] e = &5t} Table 39 A &
i Fyap (tonf) -
101 b |8 Futua (o) S0 nE dHo A AAE HE u|E R, 5, A,
5 W97, 2748 55 B et 22 5.65 tonf,
g 100k 12.2 tonf, 21.3 tonf, 37.8 tonf, 56.9 tonf 0|4} 9] 9]
(2] = -
5 2ol A44% Ao FHH At
E’ 107
ks
3.2 22410 THE Aluo] w2
s T T BHA g Aure] 242 10 m felolu}, 24 4 u
m/s) hyave (M/S) v (M/s _
Ucurrent med ao_% J—laq.é-e _{_':Z_]__Z__]'?l _/'\_AU]% 20 m7]]-1] /b]'—)c—?- 7}
Fig. 4. 24, R4, 0110 M2 HIXG Mule| S48, R, & = alo] Zlol & Ao Al N 2
N Lz o = o
28 I (x, y= log-scale BA|) 5ottt =4lo] Z o A9 A At s A" Abe]ZH(6)
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Table 2. EiZ 2| Z=0l| 2 %, R%, T X 0|0 ME S, RYH, #FH =

E2ol L= (ti?_‘; Qlﬁi %sz,)rg
- 17-25 0.51-0.75 1.7-2.5 1.50-3.23 0.03-0.06 4.12-8.91 5.65-12.2
= 25-33 0.75-0.99 2.5-3.3 3.23-5.64 0.06-0.10 8.91-15.5 12.2-21.3
P, 33-44 0.99-1.32 33-4.4 5.64-10.0 0.10-0.16 15.5-27.6 21.3-37.8

ezt 44-54 1.32-1.62 4.4-54 10.0-15.1 0.16-0.24 27.6-41.6 37.8-56.9
Epl= 254 >1.62 254 215.1 >0.24 241.6 256.9

102 W 2|0 248 7|ZOZ L= scaledl.
2ot 1A Rtz HfE*j Q40 ma0|3 9, M= 40|10 % B,
1 tonf=1,000 kgf =9,800 N

Table 3. {27440 -410f T2 2 A] 113521 (1) Hst

A7 X JAH LAl

5 56.3 3.8 96.3 4.4 126.7 4.6 150.6 4.8 169.9 4.8 185.9 4.9
10 48.5 9 75.3 9.6 92.6 9.8 104.8 9.9 113.7 9.9 120.6 10
15 42.3 14.3 61.2 14.8 72.2 15 79.3 15.1 84.3 15.2 88 15.2
20 37.1 19.8 50.9 20.3 58.2 20.5 62.7 20.6 65.8 20.6 68 20.7
25 32.7 25.5 42.7 26 47.7 26.2 50.7 26.3 52.7 26.3 54.1 26.3
30 28.6 31.7 35.9 32.1 39.4 32.2 41.4 32.3 42.7 32.4 43.6 32.4

*1 tonf = 1,000 kgf = 9,800 N

of Aol wet Y] sAFHo] HotA BEHE 4 A=
Zrol Rt} S| A WA St AEs] & 4= gl oL AS

AWAQ AW (W)L NSRS | BEASL 3] @EDR 22 I FPoI A Bk F ko] oy
A 109] 918 7HA = A 0.2 delA glek. e AZSha FH AT ulsh] 918 & Ero

Table 3= Table 19] FA YRS HEote] FHFA Ak (1) WP Ao] 2§35 of g 714 AR L A
%712,4,6,8,10, 1291 35 lﬂ%ﬁﬁ S sl D, 0) B TINE HFOR SRE wFe
£ 03 (H)S AN Agolch GurE A A Yol &AM, (3) AU S Sof Bute] hgYL B4

B7e} A9 FA7t 8~12 l"% A A

E
i
40l 10 m - 20 mY 4, FH T4 HA nFg2 drbH oz mubo A 1 FHskE o2 Hhgol

| o3t
627 tonf - 120.6 tonf g0l AA AT A BYY, foll A FYR, Ao AP FHA°)
%5 7o) A 10 m 2] 0|23, Hio] ofs] o B AFolAL 9] 3714 a49 &, £,
249 4 27 Gl B AL AU Haol AwAd] 25 EAATE B9 9%
240 Wt #EH WYR 4Gl Aol A S E9) 2% -3 % AL SIS, Ae i
shth. @A) Table 2014 278 SolA ool ¥ HoML B4HoR $52 403 %S 485}
9t 569 tonf o402 AZEonE 2o A SYALS ATt B3 F43} 7 4] LY
8o 279 fEH 2H /1540 Qi Ace ® BAES AN Acs FeA Yoo, gEe] S5 o
W] o FR R Y Al W] ATHEY. 2 &3 uT RS 28ato], AR AL 5}
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(0]

o] 7ls &= st A

ES, AFARJ] AFEE S0 BYe dHdE 24
SFAT. tietrl=r sfeto] Fupsl A= vhAlY AlEre]
BARES o ® 31%4 sool e g At
=03t (Table 2 F2). 295 F45t= @2 &
g, 48, 27Y 37X E BF 15t o=
A 714 82 AFAAL 7o vrek o 2 22 61A] S A

ojut At Ao A M o FE TS| A3 H
HoR B o A %ﬂ A92 7145t 9|

2ol
o] Z+7; 5.65 tonf 12.2 tonf, 2
56.9 tonf o]4+9] o]o] &% 207 FHH It
St Ao JAIFEE v o P oA

o Ao g w g oS 4SS (Table 3

_I}L ol

#x). o5 @) MLE F4) o] F5AL Yol
At #2719l 2E AP0l It HEY F=S 22
> 99l
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