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A Study on the Navigational Safety Evaluation in
accordance to Loading Condition in Bulk Carrier
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Abstract

A method for quantitative evaluation of the navigational safety of a bulk carrier according to dif-
ferent loading conditions is presented here.

Generally, the navigational safety of a ship in various loading condotions is evaluated by a loa-
ding manual. However, the loading manual of ship handles only statical factors such as weight and
buoyancy of ship without including any wave conditions. Practically ship’s safety is much concerned
with ship’s actions on the rough sea as propeller racing, rolling, deck wetness, vertical acceleration,
lateral acceleration, and slamming. These phenomenonena are occurred not by wave or ship’s con-
ditions independently but by coreactions of wave and ship’s conditions.

Response amplitude of ship’s motion is manipulated by ordinary strip method(OSM) on a given
bulk carrier of 170,000 deadweight tonnage under 6, 7, 8 and 9 Beaufort scale of sea states.

Author applied each response amplitude of ship’s motion induced by OSM to short-crested and

irregular waves for stochastic process of phenomenonena on navigational safety of the bulk carrier.
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And the océurrence probability of the phenomenon is caculated by Rayleigh’s joint probability den-
sity function according to different speed and loading conditions of the ship. Utilizing the evaluation
indicies, the dangeroyusness, the maximum dangerousness and the evaluation diagram on the resu-
Its, author depicted the general safety evaluation diagram.

In order to make evaluation simple and effective, author adopted propeller racing and ship’s rol-
ling as the representative factors on navigational safety in bulk carrier through clarifying the corre-
lation of factors of stochastic process. ‘

The simulation model of the study is 259.00m Lpp,170,000 d.w.t, single screw, diesel engine ope-
rated bulk carrier. And the loading conditions adopted are four, homogeneous full loaded, half loa-
ded, heavy ballast loaded, and normal ballast loaded conditions.

This study has presented some different results of dangerousness on ship’s varied loading condi-
tions. By applying the evaluation diagrames, navigators are able to avoid dangerousness by keeping
away of the danger encountering angle of wave direction which the diagram showes.

This evaluation method may be useful for developing the practical safety evaluation system of

ships as well as human beings and cargoes at sea.
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A ete] el e FAsHE A (99.99% HA), 3 b A 3] (6648% AA), 8]

et AEA (52.11% AA), AL BHAEALHN(4026% HA)Y WsA] ASE R, 2, 3, 4, 59
vepue,
3 4 el Beaufort No 6, 7, 8, 9 e8] 514 B3 oA A4g Aot
7t sl A dAde] HNEH-s uejstd AR FA44L 00 Knots(Fn=00), 4.9
(Z 1) #XAL A4y FaAdY 85
DIMENSION
ITEM CASE 1 CASE 2 CASE 3 CASE 4

Homo Load Half Load Heavy Ballast | Normal Ballast
Length P.P Lpp(m) 259.00 259.00 259.00 259.00
Breadth B(m) 43.00 43.00 43.00 43.00
Depth D{m) 23.80 23.80 23.80 23.80
Mean draft dm(m) 17.417 11.950 9.506 7.653
Displacement volume(m?®) 1633754 108605.5 85132.1 65777.6
Block coefficent Cg 0.8411 0.8411 0.8411 0.8411
Length-Breadth Ratio L/B 6.023 6.023 6.023 6.023
Breadth-Draft Ratio B/B 2.469 3.598 4523 5.619
Center of Buoyancy Ly, 3.236 4232 4.550 4725
Height of C.G KG(m) 13.55 10.28 11.84 12.13
Metacentric height GM{(m) 4.16 6.52 8.24 1045
Rolling period TR(sec) 16.908 13.506 12.014 10.668
Propeller diameter DP{(m) 8.00 8.00 8.00 8.00
Propeller pitch ratio P 0.7637 0.7637 0.7637 0.7637
Propeller Immersion (%) 219.38 156.0 141.25 114,25

—-131—




10 — HEEZTEHFRE £48 (1994 8)

(¥ 2) Homo. Ballast Condition®] A}A|

Free Surface
. . LCGFrom | MomentAbout | V.C.GFrom | Moment About
Deaweightltems | WeigtMD | )iy |1 pvr—)|  BLOW | BLOMT-MD | ot
MT—M)
Bunkering Condition 5,154.2 -7061| -363,938 1148 59,170 14,792
No. 1 Hold 14,092.4 105.10 470,753 13.89 195,720 0
No. 2 Hold 16,557.4 82.39 341,609 1321] 218,778
No. 3 Hold 16,601.0 59.06 341,609 1320| 219,161 0
No. 4 Hold 16,603.1 35.66 113,546 1320 219,167 0
No. 5 Hold 16,421.1 1243 113,546 13.19| 216,588 0
No. 6 Hold 16,407.5 -1097| -101,209 1323 217,132 0
No. 7 Hold 16,585.4 -3445| -101,209 1325| 219,698 0
No. 8 Hold 16,299.7 -57.74|  -296,202 13.34| 217434 0
No. 9 Hold 14,999.0 -81.16  -296,202 1397| 209,547 0
AP.T TK(C) 0.0 -119.82 0 9.03 0 8,896
Deadweight 149,722.8 900, 134,750 13.31| 1,992,810 23,688
Light Ship Weight 17,739.0 -6.05| -115,836 15.64| 277438
Displacement 167,459.8 7.36| 1,232,504 13.55| 2,269,080 23,688
(Z 3) Half Loading Condition®] AFAll
Free Surface
Deaweight Items Weight(MT) LC.GFrom | MomentAbout | VCGFrom | Moment About Moment
L/2(M) |L/2(MT-M)| BL(M) |BL(MT—M)
MT—-M)
Bunkering Condition 5,154.2 -7061| -363,938 11.48 59,170 14,792
No. 3 Hold 21,773.3 59.08| 1,286,398 9.14 199,067 0
No. 5 Hold 21,537.3 12.44 267,918 9.14 196,878 0
No. 7 Hold 21,752.7 -3446|  -749,505 9.21 200,316 0
No.1 DB& TSWB TK(C) 4,518.0 104.20| 470,753 9.28 41.927 92,515
No.5 DB & TSWB TK(P) 4,518.0 104.20 470,753 9.28 41927 92,515
No.5 DB & TSWB TK(S) 4,518.0 10420 470,753 9.28 41.927 92,515
f.P. TK(C) 4,283.2 12242 524,348 10.59 45,356 12,416
A.P. TK(C) 985.3 -12465| -122,823 15.56 15,330 8,896
No.2 DB & TSWB TK(P) 2,490.0 69.05 171,929 1.52 3,795 220
No.2 DB & TSWB TK(S) 2,490.0 69.05 171,929 1.52 3,795 220
No.3 DB & TSWB TK(P) 0.0 22.07 0 0.51 0 30,183
No.3 DB& TSWB TK(S) 0.0 22.07 0 0.51 0 30,183
Deadweight 93,5815 11.37| 1,064,045 9.26| 866,584 217,993
Light Ship Weight 17,739.0 653 -115,836 1564| 277,438
Displacement 111,320.5 8.52 948,450 10.28| 1,144,374| 217,993
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(Z 4) Heavy Ballast Condition®] A

, , LCGFrom | Moment About | V.CGFrom | Moment About Free Surtace
Deaweightltems | WeigtMD) | 7 iy |L/aMr-M| BLOD  |BLMT-M) | ot
MT-M)
Bunkering Condition 51542 7061 -363938 1148 59,170 14,792
No.1 DB& TSWB TK(C) 4,518.0 104.20{ 470,753 9.28 41,927 0
No.2 DB & TSWB TK(P) 49125 69.54| 341,609 10.32 50,682 0
No.2 DB& TSWB TK(S) 49125 69.54 341,609 10.32 50,682 0
No.3 DB&TSWB TK(P) 5,010.6 2266, 113,546 10.18 50.990 0
No.3 DB & TSWB TK(S) 5,010.6 22.66 113,546 10.18 50.990 0
No.4 DB & TSWB TK(P) 3,900.8 -2595| -101,209 12.71 49,573 0
No.4 DB&TSWBTK(S) 3,900.8 2595 -101,209 12.71 49,573 0
No.5 DB & TSWB TK(P) 4,928.8 6890 -296,202 11.78 50,661 0
No.5 DB & TSWB TK(S) 4,928.8 -68.90| -296,202 11.78 50,661 0
No. 6 Hold 19,320.6 -1097| -211912 13.23 255,682 0
F.P.T TK(C) 4,283.2 122.42 524,348 1059| 445,356 0
A.P.T TK(O) 0.0 -199.82 0 9.03 0 8,896
Deadweight 69,521.3 7.69 534,641 1159 805,946 23,688
Light Ship Weight 17,739.0 653 -115836 15.64 277,438
Displacement 87,260.3 480 418,905 1242| 1,083,384 23,688
(E 5) Normal Ballast Condition®] A
_ , LC.GFrom | Moment About | V.C.G From | Moment About || o6 2%
Deaweightltems | WeighMD) | *y oy |L/ouT-M|  BLOD  [BLOMT-MD | ot
MT-M)
Bunkering Condition 55142 7061 -363938 1148 59,170 14,792
No.1 DB& TSWB TK(C) 4,518.0 104.20 470,753 9.28 41,927 0
No.2 DB & TSWB TK(P) 49125 69.54 341,609 10.32 50,682 0
No.2 DB & TSWB TK(S) 49125 69.54 341,609 10.32 50,682 0
No.3 DB & TSWB TK(P) 5,010.6 22.66 113,546 10.18 50,990 0
No.3 DB & TSWB TK(S) 5,010.6 22.66 113,546 10.18 50,990 0
No.4 DB & TSWB TK(P) 3,900.8 2595 -101,209 12.71 49,573 0
No.4 DB & TSWB TK(S) 3,900.8 -2595| -101,209 12.71 49,573 0
No.5 DB& TSWB TK(P) 4,298.8 -68.90| -296,202 11.78 50.661 0
No.5 DB & TSWB TK(S) 4,298.8 -68.90| -296,202 11.78 50.661 0
A.P.T TK(C) 985.4 -124.65| -122,824 15.56 15,330 0
F.P.T TK(C) 2,780.0 122.56 340,715 7.31 2,317 12,416
Deadweight 49,682.9 8.86| 440,197 10.88| 540,535 27,208
Light Ship Weight 17,739.0 -653| -115,836 1564 277438
Displacement 67,4219 481 324,361 12.13 817,993 27,208
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afetAA Hrre Alad A Aol AFE vle} o] oA E AIHAY FREAM I 82
gE 2875 otz HE AL Aad AABAY 75l A= Adte] 75 4A HAe
o)t

2B, gl Hrtel oA HNAHYEE AR ¥ o o2 ki AL E
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(a}
(b)
Normal Ballast condition ~————— Deck wetness
Sea state : 7 — — — = Propeller Racing
Ship's speed : 14.7 KnotsfFn=0.15) @ -------. Rolling
--------------- Vertical acceleration at F.P
--------------- Lateral accelerationat S.S 1,,,
—-===--= Slamming
20 -
15 | P - 4
/ -
7
T o = - - - =~ e
10 T = . v v
os | S ., i
(1Y) 1 1 1 1 L °
180 150 120 %0 € 30 o X

Fig. 4 (a) Propeller Racings} Rollings] HH ] 2§ Hrlx
(b) 7+ s&igkdA Hrlet 9w
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(2]

(b])

Homo. Loading Condition ——Deck wetness

Sea state | 8 — — — = Propeller Racing

Ship's speed : 14.7 Knots{Fn=0.16} " -------- Rolling

| evesssennenenes Vertical acceleration at F.P
seeeeeenieos | pteral acceleration at 8.5 1y
—«==-=-= Slamming
20 1

Fig. 5 (a) Propeller Racings} Rolling®] 1@ =} 93 Hrix
(b) & FsixtAA F7taxe AYE
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At AAFHEES] HEA Hrle4E 2 Al 714 FAsHA Sgstes 848 Wa
Addlde Tade dolAls) Y8 ¢F¢ A2 Faldd F71842 Ygsled HAGgP ol <
stod AAZ JrE & = Uk

€ A7 e Bukide AutEAe wE AA9 LT JEHQ HFrleig €
Zt8aet AFFAI Ax, AHNYE 2§ Fooj s}y FAsHA HAY3tE Propeller racings
Rolling® 2 tiE Al Hrle4ag Aot AP sx gAY Hrld doiA 8L o
712 e}

F, mx V, =108 4% 9833, paly, V, 8)<1.0Q A$LE hAsgtzn B,

&, 774A Y A AHA Bl AR A FAEY Y BOWEL NFPH)A FAY A
T35 HELPAANE 29312 g AL JAsn FA A

0!

4. MR Efol| w2 Bl otX A HI}

4.1 Zt Mxyaefet of atatefo] mE e otd A HIISA

Aol <43 14.7 Knots (Fn=0.15)% 7+ & 2 A&l ol 4 Beaufort Scale 6, 7, 8, 95 33
o} zede ol QT A AAYHEE Fig.6 (a), (b), (o), (A)Z Jebd $ slch.

Fig. 6(a)oll A A delredds Av|Faie) Alntex 2de golAd os $¥E7} 1.0
o]z AYHAANZ e HALHE A o] MAA FL&E el

Fig. 6(b) ol A A4 detreAels o oig shdzt Ao Z2da] go)ale egko
HAANHE Lo R22 AP Ae] wAA= Fe|E715e] AlE 375 o) xt}. Bueafort
scale 7017l A& A} etrEde s FEA BHRAEE 55t Fu] BPgAENGYR W)
THE FHAHEA Z247 oA o7 JHEE F2AA 5 Q).

Fig.6 (2), (b), (o), (Dol 9} Zo] 2} whsat Aefol ] Ao BE YT = 3 7}3}e
HA SE AL (6648% ANt FASE g AL (99.99% H Aol A2 Ad=r} o
M, o] Hoke su) deAeAbe)(5211% HA), YA el E Al (40.26% )Y #4239
BE7} F713km, wipako) S13tel whe) gabdA Hola i AN @A) it QP
7h Aasteirl oAl S8 eRe A wgage] At A4 o= wjego] &) gk uy
TR A FbEE AddHoz Ado] FEAH daaruy H7teaF e gFoes
AT AL BAYGFo] A Hx, wseko] Hadele] sgAET E7t FasA H o
L2 HolATe Aol AHA AYEs} ZolxA ek =, Fig.7, 8, 9, 102 7 wja¢
AN s ddee] WE FdHY FhE Boled NP2 A GRS BF7HaE A
22 A4 A ¥ Fig 79 2ASE DA Ao Agte] o3 H2LFH Av)Ftd o
222 o)) Gge] H i) A ol gk whdzt 2 upe] o A HA =7} 1.0 A
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oo} tA B A Hrhs ol

Fig. 94} Fig. 10914 R ule} zhe] 2zt siefreddol M= Av|Saiel Algjeire] z 2z
Ho] e dgFo g Y7} Beaufort 8, 6014 72tz $1P =7} 10014322 Hridc) Y28 2
B3] 91¥E A wole ol i3t whd7} 150°00 4 120°A1e]1 9] Fhe2 WA A An
ste} AlmE U] YEE Y2 E AYsie Aol & AeE Hrl "o

Sos siote B, To18.38, Hy,* 108
Ship's apced : 14.TRnokF el 5]

Ses siete 9, To11.TH, Hy,= 821
Ship's spead : 14.7 8.1

Fig. 6 Beaufort scale 6, 7, 8, 99l 412] 7 ZHzjAlefoll n}E HGAP = 27 Prie

4.2 7t MRioefet MY Haotdy HIIEN

Wgael Ade
A shel A &

2
p

Br

2 HReFol At FARE WA Ae)(9899% HA)Sh Tz
2 Ao (6648% Aol A9 2 AL JWEE Fig 11(2), (b)ol

2]
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Homa, Loading Condition Setvetnnnss HalllodingContllen e
Ship's spacd = 14.7Knet Faeg.15] | . Shig's speed = 14.7 Knet Fa=0.15) e —-—'sng
= : - o
-e o9
a0
Fig. 8
Heavy Balisst Condition
Ship’s speed = 14.7 Knsd IFa=0.15}
A0
o
Hlllq,l.nﬁ'l_C-ﬂw w 48 Knot Fne0.85) HallLeadingCondilen = . e 4.5Knet Fa=8.05)
Sea siste 8, T=18.30 Hw2=7.10 ——— S8 Kot 1) Ses stete -u n.u.,-ul ——— S.5Knst [Fasb.1]
VO srenssness 12, 7Knel Frel. 12! - TS 1
i 147 Knot Fa=0.15) 14.7Knsl [Fa=8.1
1

Fig. 11 (a) Fig. 11 (b)
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Fig 1@l A $2959) d8g BASE 2431E DAl 5o =AHo] abast
ot =4, Fig. 11(b)¢) 35 BN AN E Pl E 449 G5 AP 2 G 7
A GAE AuFFel e wERo] HY Ao vehich 7 BRAEAH AT 2L 7
o2 vehgo

5.2 B

A AAdefel o gt W 24T AHE FHed de e 2
< €% 7 U

(D A 353 3le Eade FAARY AR st 3E AYdeld B g
A4+ H7sh7] 8 AA FHEFS) HEA Hrlaaq ZEde Yo JREFE 2
Pty Frleaz Agsidon, Hade AAydd o ANAYEE Tt o) I
AAEE &3t A=, AM, 32 FHE DY JAAN F71E YFHo 2 YPsgc).

(2) B3 sAdeE HAAAdTo 4T G HAAY FrlolA 35 HAHLeRE & HA
A it 7 gl AYEst HA HriEe] gAML B} A Ao Hyrig
T ek dubH o wipego] Frigtel] wet G AL SRt T T 5 YA Y2 $Fo)
FH Agsnd DA A 2o A HrlEH A= REHN AR FA wig o)
EAg AR olv AW} WA A} d& AL AL

(3) Aol wepy FAdY Aol gAY Hrlr} Depgo] A=A 7 A
AeE HAHAEE ¢ FAGAE WAS 72 A Hrh 249 Fabe] wAHE FHo
HE shadziitake] g Adwe] wowiA FdsA] dgoEA AYS UY ¢ e Frpys
B7t=E A tsisdct

(4) o] A7 AFE wivtez d&As, zepyls A, F719 SHNSASTE L3 Aue
35y Hrhel A+dH zH4 (Nominal speed loss) & HA3E 5 e FH =3¢ 233 Al
AAA A B7HE 22 3hE Akt Al gle] dwtHeln = PR Yo} Al ageog
AL E 5 g AR AR
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