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Abstract : Although programs have been developed to evaluate the risk of dragging anchors, it is practically difficult for VIS(vessel traffic service)
operators to calculate and evaluate these risks by obtaining input factors from anchored ships. Therefore, in this study, the gross tonnage (GT) that could
be easily obtained from the ship by the VIS operators was set as an independent variable, and linear and nonlinear regression analyses were performed
using the input factors as the dependent variables. From comparing the fit of the polynomial model (linear) and power series model (nonlinear), the
power series model was evaluated to be more suitable for all input factors in the case of container ships and bulk carriers. However, in the case of
tanker ships, the power supply model was suitable for the LBP(length between perpendiculars), width, and draft, and the polynomial model was evaluated
to be more suitable for the front wind pressure area, weight of the anchor, equipment number, and height of the hawse pipe from the bottom of the ship.
In addition, all other dependent variables, except for the front wind pressure area factor of the tanker ship, showed high degrees of fit with a coefficient
of determination (R-squared value) of 0.7 or more. Therefore, among the input factors of the dragging anchor risk assessment program, all factors except
the external force, seabed quality, water depth, and amount of anchor chain let out are automatically applied by the regression analysis model formula

when only the GT of the ship is provided.

Key Words : Risk of dragging anchor, Input factors, VIS operator, Regression analysis, R-squared
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wind force(A) formula (1)

frictional force(B) formula (2)

External forces drift force(C) formula (4)
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Table 1. Holding power coefficient with seabed anchor(D)
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Fig. 1. Procedure of calculation.
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Table 2. Input data(1)

Input data Value Unit

LBP m

Breadth m

Draft m

Transverse projected area n’
Anchor weight ton

Anchor chain weight(1m) ton
Anchor type AC-14 or JIS(ASS)

Height from hawse pipe to seabed ‘ m
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Table 3. Input data(2)
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Input data Value Unit _ _ _ o
Wind speed ot = 738k, ASS Ejo] FF7F A e dube] A
Current speed knot TEOR 9Y 7he).
Wave height m
_ Container Ship: 0.8 Table 4. Target vessels
Wind pressure coefficient Bulk Carrier: 1.0
811 TankerS:‘hI.O 06 G T Number of ships
tai ip: 0.65 ross Tonnage
G B?ﬂli(alélgﬁrierzlpo'% # Container Tanker Bulk
. Oil Tanker: 0.80 under 1,000 0 1 1
. Seabed material . Sand or Mud 1,000 ~ 5,000 0 3 3
Chain led out from hawse pipe m
Wetted surface area m’ 5,000 ~ 10,000 2 4
AC-14 and Mud: 10 10,000 ~ 20,000 2 3 4
Anchor coefficient ﬁg;‘l dalﬁgugéadi 8 20,000 ~ 50,000 6 5 17
JIS and Sand: 3.5 50,000 ~ 100,000 12 3 15
Chain coefficient lgflucciir 11 100,000 ~ 150,000 5 3
and:
Chain catenary part m 150,000 ~ 200,000 8
Chain holding part m more than 200,000 4 0
Air density 0.125 kg-sec’/m’ Total 32 30 48
Water density 104.6 kg-sec’/m’
Frictional resistance coefficient 0.002 - o _
Wave drifting cocfficient 01 i Table 49} Fo] ulsjAtz= g 24913k 69 2] A Mv|o]
Gravitational acceleration 9.8 m/s’ EAd ol YA 227, A 167, HAA: 313])9} gyt 2
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WA O 2 Bio WoFE 095, 33 ok 0.7, AFS] 8 Lok
= = _ Dependent .
03 AEE 7)F o= 3Hh(Park, 2007). variable Polynomial model R-squared
LBP 1.06E-03%(GT)+128.1 0.8184
Table 5. Variables for regression analysis Breadth 2.08E-04x(GT)+21.74 0.8597
Independent variable Dependent variable Draft 7.33E-05%(GT)+8.146 0.8452
LBP Arp 3.21E-03%(GT)+363.6 0.6745
Breadth w, 6.60E-05x(GT)+3.474 0.8868
Draft Ng 2.92E-02x(GT)+1631 0.8858
Gross tonnage(GT) Transverse projected area(A ) hy 6.63E-05x(GT)+13.24 0.7146
Anchor weight(w,)
Equipment number(/Vy) 3 "IN
Height from hawse pipe to bottom(/;) HIH AMYolHE Aoz A8 IARALS AAs
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Table 8. Linear regression results (Bulk)
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NFoRRE HAZAL Eol(h)NA B 07 oJFOT  _ variable Polymomial model fosquared
A E7F =4 YERs LBP 1.47E-03%(GT)+139.3 0.8393
Breadth 2.61E-04x(GT)+21.82 0.9001
Table 6. Linear regression results (Container) Draft 9.58E-05%(GT)+8.692 0.8364
Ap 3.60E-03(GT)+383.8 0.6903
Depc?ndent Polynomial model R-squared
variable w, 8.93E-05%(GT)+4.403 0.8836
LBP 1.03E-03x(GT)+194.8 0.8096 N, 3.90E-02x(GT)+1818 0.9090
- +
Breadth 1.72E-04x(GT)+25.76 0.9447 hy 0.58E-05%(GT)+ 1441 07449
Draft 3.12E-054(GT)+10.94 0.7347
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d S 3.3 HIME 87 EA
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Fig. 2. Linear regression results.
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Fig. 3. Non-linear regression results.
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Table 9. Non-linear regression results (Container)
Depc?ndent Power series model R-squared
variable
LBP 8.711x(GT)"0.3119 0.9508
Breadth 0.7638%(GT)"0.3553 0.9472
Draft 1.413x(GT)"0.2037 0.9460
Ar 0.662x(GT)"0.68 09113
w, 1.54E-02%(GT)"0.5989 0.9847
Ng 6.134%(GT)"0.6102 0.9822
Iy, 0.7072x(GT)"0.305 0.9615
2) HHHM
PAN AAUOEE thgoR uag FARYS 4N

X
Table 103} T}

%% = Fol wAll i, Hggeel
g A A7) 5485 LBP, Breadth, Draft, w,, Ny, by, ©l
e Aol o] A7t

AAATE T
Ao}

37k gjE ek AAol

& A

ry

Draft, Ay, w,, Ny 014 07 01402 w5 7] vepeol.

Table 11. Non-linear regression results (Bulk)

Depc?ndent Power series model R-squared
variable
LBP 8.986%(GT)"0.3006 0.9792
Breadth 1.171x(GT)"0.3217 0.9496
Draft 0.5154%(GT)"0.3098 0.9600
Ar 8.277%(GT)"0.3926 0.7262
w, 1.77E-02%(GT)"0.5772 0.9155
Ng 6.275%(GT)"0.5937 0.9217
Iy 0.6217x(GT)"0.3192 0.8189
3.4 Chet 293 H34 2Y HD
1) gElo[LM
Aol A9A5E B g walat Hgs =
deo] AFeE WSt Table 129 2Tl F4¥WS LBP,

Breadth, Draft, Ay, w,, Ny h, B FEolA H4m Bdo]
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