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Ch. 10 Hydrostatic Values and Curves

1. Hydrostatic Values

2. Trim and Stability Calculation of a 3,700TEU
Container Ship Including Hydrostatic Values

3. More Examples

uaval Architectural Calculation, Sgring 2018, qunq—ll Roh , dl“b 3
Introduction

In general, the document which contains the following list is submitted to ship
owner and classification society, and get approval from them 9 months before steel
cutting.

- Principle particulars
- General arrangement

£\
- Midship section plan @l
-_Lines plan - . .
|- Hydrostatic table | Today’s main subject!

- Bonjean table

- Tank capacity table

- Light weight summary

- Allowable Minimum GM Curve

- Trim & stability calculation (Intact stability)
- Damage stability calculation

- Freeboard Calculation

- Visibility Check

- Equipment number calculation
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1. Hydrostatic Values

[Naval Architectural Calculation, Spring 2018, Myung:Il Roh
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Hydrostatic Values

Drafty;y, Draft,,,.: Draft from base line, moulded / scantling (m)
Volume,,;4(V), Volume,,: Displacement volume, moulded / extreme (m3)
Displacement,;4(A), Displacement,: Displacement, moulded / extreme (ton)
LCB: Longitudinal center of buoyancy from midship sign: - aft / + Forward)
LCF: Longitudinal center of floatation from midship sign: - ft / + Forward)
VCB: Vertical center of buoyancy above base line (m)

TCB: Transverse center of buoyancy from center line (m)

KM,: Transverse metacenter height above base line (m)

KM, : Longitudinal metacenter height above base line (m)

MTC: Moment to change trim one centimeter (ton-m)

TPC: Increase in Displacement,,; (ton) per one centimeter immersion
WSA: Wetted surface area (m?)

Cy: Block coefficient

Cwp: Water plane area coefficient

C,: Midship section area coefficient

C,: Prismatic coefficient

Trim: Trim(= after draft — forward draft) (m)

NN AEA

[Naval Architectural Calculation, Spring 2018, Myung:Il Roh
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Hydrostatic Curve

M Hydrostatic curve: Curve for representing hydrostatic values

Draft Example of Hydrostatic Curve

20m ---
19m
18m
17m po-here-idoies
16m |--iq-t

15m
14m
13m |-
12m -2
1im f--t
10m }--

= Awp [1:100) +5000
~ Cwp [1:0.01) -D.6
— TPC [1:0.5) 4575
— Am [1:10) -650
L7 Cm [1:0.001) +0.8
“ 7 Volume [1:1000) +0
~ Displacement [1:1000] -5000
Ch (1:0.005] +0.15
Cp (1:0.005) +0.1
~ Shh [1:100) +0
— KB [1:0.0] +0
BMt {1:1]-30
KMt (1:1) -85
" LCB [1:0.1) +0
T LCF(1:0.1) 40
= BMI[1:50) +0
= KMI [1:50) -500
= MTC [1:20)-1800

D 10 20 30 40 50 60 70 80 30 7100 110 120 130 140 150 160 170 180 190 200
[Naval Architectural Calculation, Spring 2018, Myung-Il Roh '!d,ml,nm bm 7

b(x): Half breadth of each section
Ps,: Density of sea water(1.025[ton/m?])

)’_
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Sectional Area (4), Displacement Volume (V)

v Displacement volume*=

V= j A(x)dx
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Vertical Moment of Displacement Volume (/) and
Vertical Center of Buoyancy (VCB or KB)

a

—

"My, =M, dx

v’ Vertical Center of Buoyancy

Naval Architectural Calculation, Spring 2018, Myung-ll Roh
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Transverse Moment of Displacement Volume (/,;) and
Transverse Center of Buoyancy (7CB)

\
rrrrr P My =M, dx
v Transverse Center of Buoyancy
Naval Architectural Calculation, Spring 2018, Myung-Il Roh ,ggnlmgug i3
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€, (Block Coeficent)

Ayp: waterplane area
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Transverse Metacentric Radius (BM), Longitudinal Metacentric Radius
(BM,), Moment to change Trim 1 Cm (MTC), and Trim

LTI

®
=
1

é(l+tanz¢)

sydlab
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Example of Offsets Table of a 6,300TEU Container Ship

Waterline * Unjt: mm
Stations : 0 5
= S -

Naval Architectural Calculation, Spring 2018,_Myung:Il Roh

Example of Lines of a 6,300TEU Container Ship
- Fore Body
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Example of Lines of a 6,300TEU Container Ship
- After Body

CENERAL PARTICULARS
LoA@m) E
36405

dlab -
uaval Architectural Calculation, Sgring 2018, qunq—ll Roh '!mumemn_

Relationship Between Lines and Offsets Table (1/2)

Generation of offsets table
from the lines

INaval Architectural Calculation, Spring 2018, Myung:l Roh dlab 2
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Waterline Centerline Buttock

line  Section line at Station 19

————Half-breadth

et |

==+ Waterline at 18m

Sectior

1 line at Station 17

| Half-breadth for each station
+-at 18m waterline

Naval Architectural Calculation, Spring 2018,_Myung:Il Roh

Relationship Between Lines and Offsets Table (2/2)
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a 6,300TEU Contain

Example of Hydrostatic Tables of

er Ship (1/2)

DRAFT | DISP, DISP VCB | LCB | LCF ‘M KM, | MTC | TPC ~ ~
(M) |[MLD(M*) EXT(Ton)| (M) (M) (M) (M) (M) “T*.\i\ (Ton) Cw ‘ Ce Cu
000 | | [z 2732 | -1.546 | 31.537 |926.651| 7955 | 685 | 06332 | 0.5 0.9097
4.050 ‘ 2.199 2.714 1.535 | 31,314 |916.847| 7989 68.7 0.6349 | 0577 0.010
4100 | 2,226 2607 | -1.523 | 31,008 |907.266| 8024 | 689 | 7541.5 | 0.5275 | 0.6367 | 0.5786 | 0.9118
4150 | 2.253 2680 | 1511 | 30889 |897.964| 8059 | 69.1 3 | 05288 0.5794 | 09128
4,200 2,281 2.663 | 1.500 | 30,686 [ 88893 | | 69.3 | 76001 01,5302 0.5802
4.250 2.308 2.646 1.488 | 30,490 69.5 7642.9 | 0.5314 0
4.300 2.336 2.630 1.476 | 30, 3( 69.7 | 7676.7 | 0,5327 ‘ 0.5818
4.350 2.363 2614 1 m<, 30.115% 699 77105 | 05341 | 0.6454 | 0.5826 | ¢
4.400 | 5498.8 | 2.391 598 | -1.453 | 29.936 | 701 | 7744.3 | 0.5354 | 0.6472 | 0.5835 | 0.9176
{450 | 4 | 258496 | 2.418 2,582 | -1.441 | 29.762 70.3 | 77781 | 0.5366 | 0.6489 | 0.5843 | 0.9185

: |
7.500 | 48564.4 | 4.087 2 21918 |560.803| 10239 | 782 | 97367 | 05979 | 0 09517
7.550 | 47615.8 | 48956.4 | 4.115 2,086 | 21852 558,143 1027.2 | 783 | 97687 | 0.5988 | 0.7235 | 0.6290
7.600 47999.0 | 49349.6 4.142 2.088 2.302 1030.3 78.4 9800.7 | 0.5996 | 0.7246 | 0.6296 | 09523
7.650 497428 | 4.170 2000 | -2 [ 10334 | 78.6 | 9832.7 | 0.6004 | 0.7256 | 0.6303 | 0.9527
00 S0136.0 | 4.197 2002 | -2 1036.6 | 787 | 6 | 0.6013 | 0.72 0.6300 | 0,9530
750 505293 2 2.438 1039, I 78.8 6 [ 06021 0.6316 | 0.9533
7 09241 | 4252 | -2 [-2 10429 | .9 | 99286 0.6322 | 0.9536
7.850 | 499191 513202 [ 4,279 2 2 1046,1 | 79.0 | 9960.7 | 0,6037 [ 0.7298 | 0,6329 | 09539
7.900 | 50305.0 | 430 2104 | -2 1049.2 | 79.1 | 9992.8 | 0.6045 | 0 1 0.6335 | 09542
7.950 | 50 9 4.334 2107 | -2 | [10024.8 m.m\‘u'u-‘: 0.6342 | 09544
|
| | | !

Naval Architectural Calculation, Spring 2018,_Myung:Il Roh
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Example of Hydrostatic Tables of
a 6,300TEU Container Ship (2/2)

MTC | TPC

DRAFT | DISP. DISP YCB | LCB | LCF KM KM, WSA — =
(M) MLD(M*) T(Ton)| (M) (M) (M) (M) (M) (T-M) | (Ton) | (M%) Ca Cu Cr Cu
11.750 | 81677.2 | 83912.8 | 6.431 3.208 | ~B.607 | 18,919 | 430.346| 1347.2 | 88.1 2595.4 | 0.6593 | 0.8134 | 0.6803 | 0.9692
11800 | 821074 | 843543 ["6.4s9 3326 | -8710 | 18912 a_iu,u_"\‘ 1353.1 | 882 | 126313 0.6600 | 0.8148 | 0.6809 | 0.9693
11.850 | 82539.1 | 847973 | 6.487 3.355 | -B816 | 18.905 | 420.787| 1359.4 | 884 | 12667.6| 0.6606 | 0.8162 | 0.6815 | 0.9695
11,900 | 829708 | 852404 | 6515 3384 | -B923 | 18,900 | 429.549| 13655 | 885 | 127039 0.6613 | 0.8176 | 0.6820 | 0.9696
11.950 [ 83402 .4 [ 85683.4 | 6.543 3413 I 9.030 _‘H_ﬁl'\‘ 1371.9 [ 887 | 12740.2 | 0.6620 I 0.8190 | 0.68 0.9697
| 836341 | 86126.4 | 6.5 3.442 | -9.136 | 18.889 | 429.081| 1378.1 | 888 0.6626 | 0.8204 | 0.6832 | 0.9698
842679 | 86571.6 | 6.599 3471 | -9.233 | 18,879 (428885 | 13845 | 89.0 0.6633 | 0,8218 | 06838 | 0,9700
12.100 | | 870184 | 6627 3501 | -0.323 | 18.866 |428.717| 13910 | 89.1 | 128483 | 0.6639 | 0.8231 | 0.6844 | 0.9701
12.150 | 87465.1 | 6.655 3531 | -9.413 | 18.853 12884.0 | 0.6646 | 0.8245 0.9702
85573.9 | 87911.9 6.683 3,561 9,503 | 18,840 129198 | 06652 | 0.8258 | 0.6856 | 0,9703
86009.2 | 7 [ e 3.501 | -9.593 | 18.826 12955.6 ["0.6659 08271 | 0.6862 | 0.9705
14.250 | 104062.4 | 106885.2 | 7.843 4937 12,788 | 18.585 | 423.63 | 1683.1 95.4 14391.6 | 06924 | 0.B808 | 0.7105 | 0.9746
14.300 | 104528.0 | 107363.1 | 7.872 4.973 | -12.837 | 18.604 |423.328| 1689.2 | 955 |14426.2| 0.6931 0.8819 | 0.7111 | 0.9747
14,350 [ }.u.-umu‘g...-.\‘q_‘_" 7.901 5.008 |_r.».w|' 18,683 ._'aua.‘ 1695.6 95.6 1.“(,|..‘ 0,6938 [ 0.8831 ).7117 | 09748
14.400 | 105451.9 | 108321.3 | 7.929 5.042 12.940 | 18.683 1701.9 95.7 14495.8 | 0.6944 | 0.8843 | 0.7123 | 0.9749
14.450 | 105928.8 | 1088004 | 7.958 5077 | -12.992| 18.682 17082 | 95.9 |14530.6 | 0.6951 | 0.8854 | 0.7129 | 0.9750
1 251
14.550 | 1068644 | 109760.5| 8,015 5.147 | -13.000 | 96.1 | 14600.3| 0.6964 | 0.8878 | 0.7141 | 0.9751
14.600 E-wa_ﬂ' 1102 8.043 5.182 H_rnr 96.2 14635, 0.6971 | 08889 | 0.7148 | 0,9752
14.650 | 1078045 | 110 1 8072 5.217 13,176 96,4 14970.0 | 0.6977 | 0.8901 | 0.7154 | 0,9753
14.700 [ nm."-;-"' 1112074 | 8101 5.251 13.219 96.5 14704 'v‘ 0.6984 | 0.8912 | 0.7160 | 0.9754
Naval Architectural Calculation, Spring 2018,_Myung:Il Roh '!dﬂn lnn‘n bm 25
Example of Hydrostatic Curves of
. .
a 6,300TEU Container Ship
{gp (M) 121 10
B (131450 VOB (m)1:0.1] TPC (tow/cm){1:1}+20
Gy [1:001] LCB from mudship (m) Drsplacement [1:1000}+5

Draft
[m]

20

40

Cup [1:0.01]
LCF from madship (m)
[1:0.5}+100

[1:0.1}200

Cy [1:0.005)-5

120

140

160

180

Cp [1:0.005)+35

Wetted Surface Area (m?){1:100]

laval Architectural Calculation, Spring 2018,_Myung-1l Roh
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Example of Programming for Calculation of the Hydrostatics
- Example of Hydrostatic Tables of a 320K VLCC (1/2)

ostatics Table @

Draft | Aup | cnp | e | Am | cm | Disp.vol. | Dispacement | cb | o

1 13969.707634 0.727589 143.189503 57.595373 0.959923 13274.704872 13606,572494 0.691391 0.720257 o
2 14665499669 0.763826 150,320859 117.023844 0.975139 27625.670041 28315.311792 0.7159418 0.737715 1
3 15077.051700  0.785283 154539780  176.973600  D.083187 42515202743 4357B. 175062 0738113 0.750735 1
4 15357591332 0.799875  157.415311 236573500 D.987300  S774LI04204 59184631810 0.751837 0.761439 3
5 15581372337 0511530 199.709066  296.973600  0.989312 73212579375 73042.8338% 0.762631 0.770403 2
& 15749.669195  0.520286 161434314 356973600 0.991533  GG994.69383%4 91106811180 0771568 0.778110 3
7 15875.551257 0.826852 162.724400 416.9735600 0.992794 104697.883311 107315,330393 0.773002 0.784656 3
8 15995,591849 0.833104 163.954816 476.973500 0.993695 120634.354919 123650,213792 0.7385380 0.790363 49
= 15108.202427 0.838969 165.109075 536.973500 0.994336 136685.843246 140102.989327 0.791006 0.7954964 4
1 16220,139230  0.844799  186.256427 596973600 0.004956 152848654175 15G660.7052 0.796087 0.300123 5
1u 16334696305 0850763 167.430125  B56.973600  D.095415 168122501317 173350563850 0.800768 0.304458 5
1z 15456300612 0.857039  IS8.677081 716573600 D.995737 185503431357  190147.167141 0.805162 0.308%61 5
3 16586, 144950 0.863362  170.007386  776.973600  0.996120  202010.815322 207061085705 0.509338 0.312491 5
14 16733,101975 0.871516 171.514295 836.973500 0.995397 218662,950551 224129.524315 0.813478 0.816420 7
15 16880,258424 0.879180 173.022549 896.973500 0.998637 235526.994120 241415, 183973 0.817802 0,820561 7
15 17033, 256489 0.887149 174.530879 556.973500 0.996848 252548.055106 258861.756483 0.822097 0.8296%6 8
7 17190.202935  0.895323  176.199530  1016.973600  0.997033  D60660.514686 276411252553 0.826193 0.328652 8
18 17330470220 0902620 I77.637320 076973600 0997198 286937720924 294111 153348 0.830260 0.332553 3
13 17450827341 0508397  I7B.870980  L136.973600  D.597345  I04340.487981  311949.000181 0.834267 0.33697 3
2 17554763112 0.814311 179936322 1196573600 D.997478 32853728057  329900.071874 0.538161 0.340230 1
21 17654.425395 0.919501 180.957860 1256.973600 0.997598 339467.205809 347953.885955 0.841933 0.843%50 10
22 17745.043330 0.924221 181.8885894 1316.973500 0.997707 357175.445606 366104.831746 0.845586 0.847529 11
23 17829.121813 0.528600 182.748499 1376.973600 0.997807 374971.328289 384345.611496 0.845120 0,850986 11
24 17906567070 0.932634 183542312 1436573500  D0.997398  T02B9B.7I047  402660.957584 0.852535 0.354332 12
25 17577456424 0.936326  184.268925  1496.973600  0.097982 410799466299 421069452905 0.555832 0.357562 12
5 18042453063 0.939711 184935144  1S56.973600  0.09B060 423515834445 439536.281557 0.853008 0.360676 13
7 15109.462826 0943201  185.521994 1616973600  D.59B132  446896,925743 438069349887 0.862070 0,363683 14
28 18169.982624 0.945353 186.242322 1676.973600 0.998139 465040.875432 476666.897318 0.865031 0.868592 14
29 18227.152414 0.948331 186.828312 1736.973600 0.998261 483242.386920 495323446593 0.867892 0.889404 15
30 18281.613265 0.952167 187.386535 1796.973500 0.998319 501498,412094 514035.872397 0.870657 0.872123 15
< I >

=]

dlab =
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Example of Programming for Calculation of the Hydrostatics
- Example of Hydrostatic Tables of a 320K VLCC (2/2)

ostatics Table @

| K8 | BMt | Kot | LB | LeF | M | it | MTC | Wetted Surface Area
0.509932 249.279769 249.789701 17.634696 16.988722 5579.586819 5580.136750 2314.69674% 14102.067 144
1.025653 131,559866 132,585519 17,124977 16,375976 2052881015 2063008672  2557.351560 15079.44762
1.543505 30.80406% 91437864 16.785325 15,944290 2045756860 2047300456 2717.998493 15882.307375
2,060474 53.385545 70.446018 16.515405 15.612685 1570343684 1573010157 2334636543 16618.776733
2,576277 55.320467 57,8557+ 16,287570 15,207640 1281,933552 1284509829 293292693 1733169735
3.092244 45.498881 49.591125 16,069941 14941734 1081.449552 1084.54179 3003.884761 18026.084613
3.807174 40,131690 43.738864 15.890147 14.769625 932.964858 936,572030 3052.482676 18706.387874
4,121509 35.310328 39.431836 15.716638 14.383665 824.011114 828,132622 3106.376536 19367.844148
4.635703 21,535720 26.171423 15,530895 13.373811 739.317808 744453512 3180.081909 20026.661200
5.15003¢ 25.420889 33643025 15.320611 13.206166 £73.530311 673.680346 3217131200 20688,395322
5.664717 26.007295 31672012 15078149 12.389904 620.434825 52509954  3279.046555 21355.594658
6.173868 23,940215 30,120085 13.738156 11426314 577,378%64 583,558831  3347.163851 22031346533
6.695516 22,197901 28.893417 14.478059 10.313393 542.171803 543.857119 3422.641486 22719.069067
7.213571 20701056 27.914627 14, 108800 8.961314 514.225484 521.439055 3513.814422 23436.142778
7.736683 18.395506 27.132189 13.686550 7.550015 450.042460 497. 779143 3606.819609 24153.666246
8.261164 18.253453 26.514617 13.221739 6.036404 469.665833 477926997 3706.662270 24885.589906
3.734388 17.250265 26.034653 12.711991 4427362 452.305205 461089592 3311653308 25648.473411
3,309007 16.358312 25667320 12,168722 3.027873 435.400427 449709435 3904150198 26350.517387
2.834664 15,553514 25393178 11610030 1574104 418.610230 423444894 3981251301 27121767720
10.360640 14.833239 25.193879 11,052104 0.949584 402,322606 412.683246 4046.532211 27828.171680
10.836729 14.168543 25.055272 10. 508656 0.314228 387.475682 398.362411 4110477717 28519.892075
11.412880 13,555606 24.968487 9.990350 -0.119337 373.550750 334.963631 4169.473518 29205, 245380
11.939003 12.987957 24.926960 9.503047 -0.379617 360593551 372532554 4225,382593 29882.641610
12,465035 12.453030 24928065 2,049601 0.523423 343,430560 360,895535  4277.513818 30554971648
12.930852 11977542 24368754 8.629644 -0.588068 336:939833 345923631 4325446727 31223264673
13516351 11,528007 25044358 8.242048 -0,578748 326,080741 339,597092  4369.643798 31367,3%0180
14.041501 11.109971 25.151572 7.887679 -0.442092 316.247188 330.288788 4416.559250 32557.540530
14,566638 10.721379 25.288016 7.565974 -0.286588 306.814475 321,381113 4458, 789754 33226.725389
15.091404 10.360160 25.451564 7.274229 -0.103187 257.503898 312.995302 4498, 743464 33896.183818
15.615903 10.023641 25639544 7.010481 0.115338 289.495842 305111745 4536.928276 52901.394845
< | ¥
=l
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Example of Programming for Calculation of the Hydrostatics
- Example of Hydrostatic Curves of a 320K VLCC

B Hydrostatics @@@

HydroStatics Curve

29 m

28 m — Awp (1:100) + 0
27 m Cwp [1:0.01) 1

26 m — TPC[1:1] + 0

25 m — Am [1:10] + 0
24m — Cm [1:0.001] + 0.9
23m — Displacement Yolume [1:10,000) + 0
22 m — Displacement [1:10,000) - 50,000
21 m Ch (1:0.005) +0.15
20m Cp (1:0.005) +0.1
19m — KB [1:10) +D

18 m- — BMt[1:2] +0
17m- Kmt [1:2] -50
16mr- — LCB [1:0.1]) +0

15 my- ~ LCF [1:0.1) 11
14m- — BMI [1:50]-1.000
13m- — KMI [1:50] -500
12m- — MTC (1:50] -1.800
11 mr-

10mt-

9m -

8m -

im -

6m -

5m -

4m

Im

2m

im

0m

0 10 20 30 40 50 60 70 8O 90 100110120 130140 150 160 170 180 190 200

[Naval Architectural Calculation, Spring 2018, Myung:Il Roh

2. Trim and Stability Calculation of a
3,700TEU Container Ship Including
Hydrostatic Values
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General Arrangement (G/A) of a 3,700TEU Container Ship

GENERAL ARRANGEMENT

= Principal Dimensions
LENGTH O. A. 257.388 M
LENGTH B. P. 245240 M

BREADTH MLD 3220 M
DEPTH MLD 1930 M
DRAFT DESIGN 10.10 M
DRAFT SCANT. 12.50 M

ydlab o

Naval Architectural Calculation, Spring 2018,_Myung:Il Roh

Midship Section in G/A

Principal Dimensions
LENGTH O. A. 257.388 M
LENGTH B. P. 245240 M
BREADTH MLD 3220 M
DEPTH MLD 1930 M
DRAFT DESIGN 10.10 M
DRAFT SCANT. 12.50 M
WNaval Architectural Calculation, Spring 2018, Myung:ll Roh ’“gﬂl"‘g‘fg 2

2018-08-07

16



Tank Plan

4 TANK PLAN —_—

Principal Dimensions
LENGTH O. A. 257.388 M
LENGTH B. P. 245240 M
BREADTH MLD 3220 M
DEPTH MLD 1930 M
DRAFT DESIGN 10.10 M
DRAFT SCANT. 12.50 M

Naval Architectural Calculation, Spring 2018,_Myung:Il Roh

ydlab

| | [ L

TK (F}

INO.1 H.F.0O 1 180-218!
|INO.1 H.F.0 TK (8) | 180-218
INO.2 H.F.OQ TK (F) | BB-126
NC.2 H.F.0 TK (8) I 8B
INO.3 H.F.0 TK {P) !
ING.3 H.F.0 TK (5) |
|HFO SERV. TK{P) |
INO.1 HFO SETT. TK{F)|

T. TK I

INO.2 HFO
[P——

| TOoTAL | BZ48.

Name Specific Gravity | Filling Ratio* 1,214.6x0.99=1,202.4
Heavy Fuel Oil 0.990 98% —
vy 1,118.6x0.99=1,107.4
HEAVY FUEL OIL TANKS
(5.6.= .990 )
| ! CAPACITIES | 1008 FULL | [
FLOCATION| —= === = mmmm e e g - - < IMAX. MT|
| COMBARTMENT [{FR.NO.)| VOLUME | VOLUME | WEIGHT | L.C.G | V.C.G | OF |
| | I1008FULL| 98%FULL| S8%FULL| FROM | ABOVE |INERTIA|
3) | (M**3) | (TONNES)| A.P (M) | B.L(M)| (M*+4] |

159.046|

.6 1202.4 | 6.949| 622 |
.6 1202.4 | 159.0461 6.949) 62z |
.6 .4 | B5.B92) T.112] 395 1
.6 .4 4 85.692) 7.112) 395
-0 L2000 57377 2035210 1126
.0 L2010 57377 2,352 1126 |
.1 .51 38,2134

.0 LB 40,0100

9 71 36.BL3)

Naval Architectural Calculation, Spring 2018, Myung-Il Roh

sydlab .

SEOUL AT UNTY,

2018-08-07

17



2018-08-07

5

860 |

| Water Ballast Tank |

(5.6.= 1.025 | i Diesel Oil Tank

T T T CAPACITIES v e = T
]  FE— . : -Im'l.'v'nul- | chmclies ! 100y FULL :m« o
i COMPARTMENT | [FR.NO) | VOLUME | WEIGHT JAAAS = oL g [ Thad
I | " | 1b6% TotLl 108 PoLL | COMEARTMENT L)) VOLUMZ | VOLUME | VEIGHT | 1.C.6 | V.€.6 | oF |
i | 03] | {TomEs) | 11DOWFULL| SARFULLI 9BAFULL| FROM | ABOVE | INEATIAI
| | | | (M43 | (H**3) | (TONNES) | A.® MF1 BLMHT (04 |
1D.0 SERV. | 14 39p 561 | 55.0 | 87.) | 21.200) 13.421)
| 24~ 29) -358.3 | 351,2 | 302.00 |

16.855] 15,000

406,21 3493 ) |

159,
129,040 . : .
izeit) Lubrication Oil Tank
144-180) 120.8568)
2 10%. €801 e —
107 6801 1 | ! CAPACITIES ! lo0% FULL |
1 |LOCATION | P et
1 COMPARTHENT [IFR/NG.) | VOLUME | VOLUME | WEIGET | L.C.G | V.C.G
| | 1DDAFULL| SAWFULL) SPRFULL| FROM | ABOVE
| |

1 (M**3] | (TONN M} B.LIM) I
0 SUME TH{L) 8,6 | 29,2781 1.222|
0 SETT. TH|D) | e | 312111 13462
IM/E LD STOR. TS| | 65.1 | 37.607) 130427
NO.L CYL.OIL TK(SD | 127.6 | 21,5171 12,965
c¥L.OIL THISL | 18.7 | 16,4821 33,041
L0 SEFT. TH(S) | 531 | 1.407) 12.279)
o STOR. TKIS) | 55.7 | 16.006] 131821
= # . e i '
| i : % 54 i
) S x i) atAL 525,401 5149 | 4635 | i
COMPARTMEXT (FRONG, )| VOLUME | wWEIGH G e | oF | Z 2 T
[} 1100% FULL |100% | INERTIA
] I | [M*43) | ITUNNES)
ey T Ty Miscellaneous Tank
IP.W TX [§) I &= 141 - -
T . 62 Hi | | CRRARITIES | | i
> A 2 3 H | LeCATION|- ' - |
Hi COMPARTMENT I VOLUME | V.66 oF |
. Hi | 1004 FULL ) | ABOVE | INERTIA
Heavy Fuel Oil Tank ; S i [T T | BLM | (Heed)
S p ; - H I
: R " TIISEWAGE HOLDING TH | 8.3 | 26.4D21 13.452 | 11
! - e D T |BILGE BOLDING TH | | 6.9 | 16,279 1.478 | 75|
COMPRATRENT | (FR.%O.|| VOLUME | VOLUME | LG | V.6 O [5¢T 1.0 DRAIN TK (G 3.0 | i%ieee| 1.695 | Ll
| 1 10DREL SBRFULLI 9BRFULLI FROM | RBOVE |INERTIA|S|RESIDUE TK(S} 5.0 | 30.577) | 10 |
| | OHE3) 0T VIOALB (M) | BULIM)i{M=8) 13 DIRTY OIL TK (S) | 46.0 I 042 | [l
5 10 SLUGE TK(B} | 44 08221 i zi
e D e PG SLUDGE Tk (¥} | 50,5 176 | al |
1141 4 F.4. DRAIN TK{9) 0.4 I 3
1141 FOALO LEAK 0.TH(D) | T4 i 438 i 1
543, W TE (€] i .5 A0 | 61
G OVERFLOW TH I 15,5 ati| i i |
F.L.0 DRAIN TR(P} | 24 26| .9 101 | 2
FELODRAIN TK(S) | 16— 26 44| I 2
I
I

D LCG xpV,

LG == yr

Tank Summary Table (2/2)

Naval Architectural Calculation, Spring.2018,.Myung-Il Roh
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Lightweight Summary 1,

—

M

I
i
i
I
i
i
i
A

A~
AP i Ny
1<

)
!
!
i
i

o
m ...
-l

LIGHTWEIGHT DISTRIBUTION DIAGRAVI
TONNES

2400 -
2200+
2000+
1800+
1600+
1400+
12001
1000+
800
6001
4001
200F

00

/Engine

Bow Thruster
Emergency Pump

0 25 50 74 99 125 150 175 200 226 251 276 301 3% FRNC

37
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Hydrostatic Tables

DRAFT DISP DISP  LCF LGB vGB TPC WTC KML KMT WSA DRAFT DISP  DISP  LGF LGB vCE TPC MTG KWL KMT WSA
MLD WD  EXT B CP CW M M ExT B cP Cw oM
[M] [M3] [T (Ml  [M] (Ml [T] [T-M] (M [M] o [M2] ] 31 I M1 IM] IMD IT] [T-MD Il M [M2]

300 11367 116337 -333 332 163 457 4792 10165 2383 14T 08 0506 0572 0997 || 525 229513 230160 285 -317 287 5D S5 6404 1759 64581 0534 0555 0645 0953
905 11SE27 11932 -3 932 165 469 4821 10018 2357 SI4S3 047 0507 057 0998 || 530 228124 230847 -286 -317 290 531 545 6353 1751 B4670 0535 0556 0649 0953
310 117988 121787 -330 -332 168 471 4848 GETT 233 SIUSE 0477 0503 057 0938 || 535 228735 2392z -285 -316 295 532 S9SF 6304 1744 65153 053 0557 0651 0984
915 12099 124202 328 2R 171 492 487 G741 2508 5063 0478 0510 0578 099 || 540 231346 230203 286 316 295 533 S8 6255 1735 B5M4E 0537 0557 0652 0860
330 1E2710 128635 -326 331 174 474 4905 8610 2036 52365 0481 0512 0500 0940 || 545 233957 osnees 288 318 298 534 BOLD 6208 1729 S737 053 0558 0853 0984
sz zen sz osa 1w as @) Constant “c” 162 17.22 6O02E 0533 0559 0S5 0965
330 1232 13M85 -325 33 178 47,7 e 117 1715 66314 0540 0550 0% 0965
335 129782 1331 -321 83 182 479 49) 073 17.09 6E603 0592 DSE1 0EST 0965
aa smss 1maas -am -am s w0 s - Thickness of hull should be included. 6030 1702 65092 0,543 0562 0ESY 0965
345 134514 139781 -318 230 188 482 SO) 5955 1895 671E 0544 0583 0880 0966
am mws wex |.025 X ¢ 9w - i 5936 1690 BT 0544 0564 0661 098G
955 130238 14381 51 BUOyanCy due to appendages should be included. 5906 1684 6758 0545 0554 06E3 0966
560 141587 148085 195 485 51 5366 1579 G047 059 0555 0884 0967
365 143957 148450 9 WNou 485 5153 GEPE 7108 SHILY 048 052 0587 nsm” TS0 D5WSE D015 286 312 525 G4 BZ1 5027 1673 BBS36 0547 D556 0SS 0867
370 tagms tseasCa10 -ads oW 490 o188 esas 2100 arh 049 05ps o5 goss || 505 oeoe7 oemas -pes 317 326 ca5 B3 G780 166m EPE 0548 0SET 0EET 096T
s o s - T ) 56
o] DRAFT Disp 01se vee LCB LCF EMT KML Wic  TPC WSA CB Cw [ CM e

| -

(W) MLDM3) EXT(T) (M} (M) (M) (M3 ) (T-8) (TON)  (M2) =
3 69
of 375 149187 15400.8 2,025 118.394 119 002 21.69) B3B .95 5256 49.7 5602.1 5072 G127 5421 G356 |
4, ' r - y o 69
o 3.80 15160.8 1h648.4 2.051 118.402 110,048 21.524 B3D.42 5266 49.9 56317 5086 6145 5431 9364 [
: 3.85 15401.8 15B96TT 2076 TTE AT TI0.003 21.362 822.15 531.6 50.0 5661.4 5099 G163 5441 0372 ;g
4‘ 3.90 15644.8 16145.8 2.103 118.422 119.132 21.201 813.71 534.3 50.1 56808 5113 6180 _Hh4h1 9380 -
oy 3.95 15891.1 16308.8 2.133 118.434 119,158 21.037 804,83 5367 503 5719.8 5127 6196 5462 (9388 o
4 70
445 10473 T3 280 329 240 508 SSAZ 7A0d 1910 501 05 0555 0PE GG || 065 DOTHE G6wS 370 377 6 W0 BO7 T4 T TS USZ 0579 UEE 0971
445 182972 18529 -293 324 243 511 SB5 7334 1905 5889 0518 0539 0825 0956 | | 670 30862 AGIS -331 -312 36T S60 BSS6 5284 1598 7247 0563 0SB0 0685 0971
450 18471 191085 282 323 246 512 SA5 76 1680 B0IS3 0517 0540 0625 0357 || 675 303S MED -33 -312 370 561 658 5255 1594 THAS 0564 0SB0 0687 0871
455 197989 199881 -201 -323 248 513 S0 7200 1884 80487 0518 0541 0828 0957 || 680 emsE  Fasae 37z S8z BEDO 5227 1591 T3 0585 0581 0688 0971
460 19488 19227 -281 -322 251 514 S34 TI35 174 60782 0513 0542 0623 0956 || 885 30881 Iz 375 553 6522 5198 1587 TMUT 055 0S5 068 0872
465 192987 198723 -290 -322 25+ 16 SS7 7073 1664 SI0R6 0520 0545 0631 0958 || 80 IMISIA 320517 378 S84 BBAS 5172 1584 TADRS 0588 0583 080 0872
470 1986 201353 -288 321 257 517 SED 701 1850 51371 0522 0546 063 0358 || 695 4227 323N -3d6 -312 381 S5 B6T 5145 151 TAMT 0567 0583 05® 0872
475 1914 20325 286 32 250 518 STO3 6352 1645 G1665 0523 0545 063 0358 | 700 318340 3B0B@ -349 312 384 6 668 5118 1575 TISTS 0568 0SB4 06 0872
480 20483 20431 -267 321 262 518 5726 6834 1835 51559 0524 0546 0835 0959 || 705 e mo9Ts 354 813 39 58T BTL2 5091 1574 TASES 0589 0555 08 0872
485 202882 209057 -267 320 265 521 STAO 6837 1827 62254 0525 0547 0637 0960 || 710 320562 33MBE1 -350 -313 339 %A KTR5 SO0BS ST TSAS4 OS5I D56 0635 0873
490 208461 211623 -266 320 268 S22 STA3 6782 1619 62548 0528 0546 063 0960 || 715 32573 SMMT 364 314 392 563 68 5039 1567 TSSAE 05T OSET 0BS7 087%
495 2071953 214189 -265 -319 271 523 5746 6728 1611 62343 0527 0549 0640 0961 || 720 ae1s EaE -360 -315 395 S0 672 5013 1564 TSI OSI2 OS8R 05 097F
500 210458 216755 -284 <918 273 524 S48 6675 1803 63137 0528 0549 084z 0961 || 725 330985 40518 -375 -315 397 ST 6305 4988 1561 76122 0573 0588 0698 0973
505 23063 218435 285 318 276 525 S0 6518 1794 53426 0528 0550 0643 0361 || 730 33306 343904 -330 -516 400 572 LS 4954 1555 TEH1Z 0573 0S8 0700 087F
510 15880 222117 -285 -318 279 527 SBE1 6583 1785 G3715 0530 0551 0844 062 [] 735 330H1T 346280 385 317 403 513 6651 4939 1555 TEW1 05T 0530 070 0874
515 218231 224798 -285 318 282 528 B3 6508 1776 54004 05 0553 0646 0962 || 740 33928 B49TE -390 317 408 514 B34 4916 1552 76980 0575 0531 0703 0874
520 2090z 22RO -265 -317 284 529 S04 6455 1768 64282 0593 055¢ 0647 0963 | | 745 mazas manez -595 512 400 ST 687 4392 1549 TRZED OS5I 05 0704 0874
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Loading Conditions: Lightship Condition (1/6)

= Lightship condition: Condition that loaded nothing (no cargo, imaginary condition)

BALLAST B covsovane

| CONTAINER |

dlab
l\_laval Architectural Calculation, Sgring 2018, qunq—ll Roh '!‘“Meﬂﬂl_

P = T =

5 M KG (SOLID) =
2 GM (SOLLD)

ORAUGHT
DRAUGHT  MIDSHIP

= M FREE SURF. CORRA
- % GoM (FLUTD)
156098 1 1 KGo ACTUAL [FLUIDY
GHT AT LCF 3.671 M @AM (DISKA) / (MTCX100) = 4.560 M
CB FROM A P - 118416 EHEE SURF . MOM = Q1-M
LCG FROM A P - 1w3zeem [ mT.C. = 532.8 1-M
TRIM LEVER A - 15,188 M TF FAOW AP = T3 110 W

@ In hydrostatic tables

DRAFT  DISP oise ves LB LOF EMT KHML Mi¢  TPC WSA Ce CcWw ¢cP CWM
(M) WLO{M3) EXT(T) (M) (M) (M) [UH 0] (T-M) (TON)  (M2)

3.75 14919.7 15400.8 2.025 118.394 115 002 21.691 B838.95 525.6 49.7 5602.1 .5072 .6127 .5421 9356

Bl 1S1EN 8 15R48 A4 2 (51 118 407 110 048 2] 594 870 A2 E28 A A0 O 531 S50BA  B145 5431 QAga
3.85 15401.8 15806.1 2.076 118.412 119.083 21.362 822.15 531.6 50.0 5661.4 .5099 .6163 .5441 .9372
3.90 15644.8 16145.8 2.103 118.422 119,132 21.201 813.71 534,3 50.1 5690.8 .5113 .6180 .5451 .9380
3. E . R - E . . 3 3l . . 2

By linear interpolation, draft at LCF= 3.871[m], VCB(= KB) = 2.087[m],

sydlab .

Naval Architectural Calculation, Spring 2018, Myung-Il Roh Stoun AT Iy,
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I 1. T
b 4 T
Ty
[IRAUGHT F.P = 1.926 M | KoMoT =
ORAUGHT  MIDSHIP = 3.806 M KG (S0LID) =
ORAUGHT & P = 5. 0B6 M GM  (SOLTD) =
TRIM BY STERN = 4.960 M FREE SURF. CORA. (GGo) =
PELLER 1/0 = 740 % GoM (FLUID] =
PLACEMENT 15595 1 1 KGo ACTUAL (FLUTD}

LCF J.B71 M TRIM (DIS®A)/(MTC*1Q0] =
= 118.416 M FHEE SURF . MOM =
= 103.228 M M.T.C. =

n = 18,188 M CF FROM AP =

AxTrim Lever 15,998.1x15.188

® Trim[m]= =4.560[m
L] MTC =100 532.8x100 (]
——
Naval Architectural Calculation, Spring 2018, Myung-ll Roh ,ggnlmgug B
\

2018-08-07
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ORAUGHT  F.P = 1 5 M KM 21.298 M
ORAUGHT  MIDSHIP = 3.806 M KG (S0LID) 13.200 M
ORAUGH a.p = 5.0BG M GM  (SOLTD) 6.096 M
TRIM BY STERN = 4.960 M FREE SURF. CORA. (GGo) o0 M
PELLER 1./D = 740 % GoM (FLUID] 8. 006 M
LLACEMENT = 159605 1 T KGo (FLUTOY 13.200 M
DRAUGHT AT LCF J.B71 M TRIM (DISxA)/ (MTC*1Q0) 4.360 M
ILCB FROM A P = 118.416 M FHEE SURF . MOM 0 7-m
LCG FROM A P = 103.2268 M M.T.C. 532.8 T-M
TRIM LEVER n = 18,188 M CF FROM AP 119.110 M

— G‘ VA
B¢ B
N
K

Naval Architectural Calculation, Spring 2018, Myung-ll Roh

:ydlnb 45
by bgtd
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Loading Conditions:

Ballast Departure Condition (1/6)

= Ballast departure condition: Condition that loaded ballast water and consumable cargo

| CONTAINER E== BALLAST B cosuaeele
aval Architectural Calculation,_Spring 2018, Myung-Il Roh ,!dﬁnlun‘n bll &

F. P = 5.583 M KM = 159 728 M
MIDSHIP = 5.998 M Y KG (SOLID) = 9.584 M

DRAUGHT AP = 8 443 M | GM (SOLIN) = B.144 M

TRIM BY STERN = 2.8490 M FREE SURF. CORR. (GGol = 177 M

PROPELLER 1/D 105.1 % GaM (FLUID) = 5.967 M

DISPLACEMENT - 329801 1 KGa ACTUAL [FLULD) = 9761 M
AT LOF 7.044 M TRIM [DISXA)/ MTCX100) = 2.890 M
AP - 118.910 M FREE _SUAE  MOM = 5847 T-M

LCG FAOM AP - uieM  [[mrc = 6613 [-M

TRIM LEVER A = 5 784 M (" O & = T10 o ™

@ In hydrostatic tables

DAAFT DISP  DISP WCB  LCB LCF KMT  KML  MIC TPC  WSA  CB CW CP  CM

(M) WD) BXT(T) (D (M) (M ) (T (TN (W2)

7.0 53 498.01 659.6 55.4 7422.2 .5770 .6945

7.0 2.2 3 01 15.72 495 22 B61.5 56.5 7450.0 .5779 .6956

T U 3858 1B 907 118,539 15,605 40745 BE.4 565 74750 .57TAT 6005

7.1 8 3.886 118.903 118 577 15 649 48974 665.3 56.6 7506.0 .5796 6977

7.2 6 3.914 118.000 118.516 15.613 487.07 667.2 56.7 7534.1 5804 587

VCB(= KB) = 3.826[m],

Naval Architectural Calculation, Spring 2018, Myung-Il Roh

sydlab «
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£p
MIOSHIP
AR
TR 3y STERN
PROPELLER 1/D
DISPLACEMENT

LCG FAOM AP
TRIM LEVER &

= 5.563 M .M

= 5.998 M KG (SOLID)

- 8 241 M GM (SOLTO)

= 2.890 M FREE SURF. CORR. (GGo)
105.1 % GoM  (FLUTD)

32980.1 1 KGo ACTUAL (FLUID)

7,044 M TRIM [DISXA) / (MTC*100)

= 118.910 M MOM

- 113,116 M

= 5 704 M p

M
M
M
177 M
M
il

w
@
@

2 M
B847 T-M
6613 T-M

118 707 M

@

AxTrim Lever 32,980.1x5.794

® Trim[m]=

MTC %100

| E—

661.3x100

=2.890[m]

Naval Architectural Calculation, Spring 2018, Myung-ll Roh

sydlab

2018-08-07
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ORALIGHT £ P - 5553 M G M1 - 5 708 W
ORAUGHT  MIDSHIP = 6.098 M || KG (SOLID) = 9.584 M
DRAUGHT AP = 8 aa3 M || oM (S0LTO) = 6.144 M
TRIM 3Y STERN = 2.890 M FREE CORR. (GGo) = 177 M
PROPELLER 1/D = 105.1 % GaM = 5.967 M
DISPLACEMENT - 32960.1 1 {(FLUIO) = a9 761 M
DRAUGHT AT LCF = 7.044 M TRIM (DISxA)/ (MTC*100] = 2.890 M
LCB FAOM AP - 118.910 M FREE SUAF . MOM = 5847 T-M
LCG FAOM AP = 113,116 M M.T.C = BE1.3 T-M
TRIM LEVER @ & 5 754 M LCF FROM A R = 118 707 M

® M &

y
0
| L
G?
B¢ B’
N
KA

sydlab -

Naval Architectural Calculation, Spring 2018, Myung-ll Roh AT Ry,
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3. More Examples

ydlab -

[Example] Calculation of an Angle of Heel (1/2)

A box-shaped barge (L x B x D: 100m x 20m x 12m) is floating in freshwater
on an even keel at draft of 6m. Vertical center of mass of the barge is 4m
from baseline. When an external moment about x axis of 3,816ton-m is

applied on the ship, calculate an angle of heel.

“Base Liin

sydlab =

Naval Architectural Calculation, Spring 2018, Myung-Il Roh

2018-08-07
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[Example] Calculation of an Angle

of Heel (2/2)

Naval Architectural Calculation, Spring 2018, Myung-ll Roh

sydlab =

2018-08-07
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_— Given:

L: 100m, B: 20m, D: 10m, T: 5m, KG: 7m

Cargo Load: 1,000ton

(At 20m in front of the center of the ship and 4m
above the baseline)

Find: The draft at the aft perpendicular of the ship

Naval Architectural Calculation, Spring 2018, Myung-ll Roh

af 2 Trim o 2 Shin

sydlab
n

2018-08-07
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@ Calculation of the change of the draft (T)

OA=TPC-oT

sydlab -

Naval Architectural Calculation, Spring 2018, Myung-ll Roh . SEOUL AT UnIY,
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@-2) Calculation of GM,,
KB, =2.744m

sydlab o

Naval Architectural Calculation, Spring 2018, Myung-ll Roh SEOUL AT UnIY,
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® Calculation of the draft at the aft perpendicular of the ship

T,

AftFore — 11 B

sydlab .

Naval Architectural Calculation, Spring 2018, Myung-ll Roh SEOUL AT UnIY,
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[Example] Calculation of Trim for a Barge Ship
When the Cargo is Moved

A barge ship is 20m length, 12m breadth, 4m depth, and is floating at 2m
draft in the fresh water. When a 10ton cargo which is loaded on the center
of the deck is moved to 4m in the direction of the forward perpendicular
and 2m in the direction of the starboard, determine the draft at the
forward perpendicular (FP), after perpendicular (AP), portside, and
starboard of the ship. KG of the ship is given as 2m.

T
4 ‘ : Y
| ; /
2m$ i 4

/" Baseline

sydlab «

Naval Architectural Calculation, Spring 2018, Myung-ll Roh

2018-08-07
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1. Change of draft caused by trim

X Z Trim Moment
=00

sydlab «

Naval Architectural Calculation, Spring 2018, Myung-ll Roh
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[Example] Calculation of Trim for a Barge Ship
When the Cargo is Moved

- Calculation of the Approximate Solution

by Using Linearization (3/7)

- Trim moment caused by moving the-cargo in the direction
of the forward perpendicular

Trim Moment =10-4-cos@ ~40¢on -

sydlab «

Naval Architectural Calculation, Spring 2018, Myung-ll Roh
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w-l
Sy, =—2L=0.04m
Y A

G

:ydlnb 7

Naval Architectural Calculation, Spring 2018, Myung-ll Roh SEOUL AT UnIY,
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If the inclination angles are small, the difference of the
approximate solution and exact solution will be small.

The linearized terms in the solving procedure
- Trim moment w-[-cos@=w-/
-l
- AWP
- TPC, MTC
- KB,

- LCB,

sydlab ~

Naval Architectural Calculation, Spring 2018, Myung-ll Roh
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[Example] Calculation of Trim of a Ship (2/7)

Given: H
L: 180m, B:30m, D:10m, T:8m H F = Ax
Density of the ship material p,,= 1.0ton/m?3.

The ship is floating in fresh water.

Find:

@ Displacement (A)

@ LCF, LCB, LCG, KG

® When the all cargo hold are full with the load
whose density is 0.6ton/m3 homogeneously,
DWT and LWT? H

@ How do we calculate the change of the trim i Given:

when the cargo is loaded or unloaded? L: 180m, B: 30m, D: 10m, T: 8m
Density of the ship material: p,,= 1.0ton/m?3.

The ship is floating in fresh water.

i Find:
i @ Displacement (4)
i N e ! @ LCF, LCB, LCG, KG
= 5 i (3 When the all cargo hold are full with the
. : load whose density is 0.6 ton/m?3
I - homogeneously.
™ i Whatis the DWT and LWT?
Et L0 i @ How do we calculate the change of the
AP 180m FP : trim when the cargo is loaded or

unloaded?

.rgdl.nb 75
by bgtd
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® When the all cargo hold are full with the load whose density is
0.6ton/m3 homogeneously. What is the DWT and LWT?

DWT = Ayp yosa D Peargo

(Example] Calculation of Trim of 2 Ship (6/7)

Naval Architectural Calculation, Spring 2018, Myung-ll Roh
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[Example] Calculation of Barge Ship’s Trim and Heel Angles (1/18)

A barge ship of 28m length, 18m breadth, 9m height, 1m shell plate thickness,
density of shell plate p,,=1.0ton/m3is shown below.

@ Calculate ship's lightweight and draft
in fresh water under the condition of

Y
S
3

calculate LCB and LCG.

calculate the barge ship's heel angle.

20, m

® From the result of the question @), if the freight 2 is unloaded from the barge ship,

@ From the result of the question @), if the freight 1 moves 5m along the positive y direction.

“light ship” loading condition. And if the
10m parge ship is floating in sea water, what is
the draft?

@ The barge ship floats in fresh water
and it carries the loads as shown in the

table.
Loading position(m)
Item Unit Mass # of Cargoes
X y z
Freight 1 100ton 3 0 0 1
Freight 2 150ton 2 -5 0 1

Calculate the ship's @ deadweight (DWT) ®
TPC © MTC @ Trim (e Fore and after drafts
® LCB (@ LCG.

[Naval Architectural Calculation, Spring 2018, Myung:Il Roh

ydlab .

[Example] Calculation of Barge Ship’s Trim and Heel Angles (2/18)

Given:

L: 30m, B: 20m, D: 10m, Shell plate thickness:
Tm

Density of the shell plate: p,,=1.0ton/m3

Find:

@ LWT, Draft in fresh water (T;,), Draft in sea
water (Tg,)

@ When the freight 1 and 2 are loaded in fresh
water, calculate @ Deadweight (DWT) ® TPC
© MTC @ Trim (@ Fore and after drafts
LCB @ LCG.

@ Freight 2 is unloaded from @), calculate LCB,
LCG.

@ Freight 1 moves 5m along the positive y
direction. Calculate the heel angle.

70m }

L: 30rr-1, B: 20m, D: 10m, Shell plate thickness: Tm
Density of the shell plate: p,,=1.0 ton/m3

Find:

@ LWT, Draft in fresh water(T,), Draft in
sea water(Tg,) i

Load freight

» The change in
force(moment) is given.
And the problem is
calculation of position and
orientation of the ship

Unload freight
=» The change in
force(moment) is given.
T

@ When the freight 1 and 2-ar&toaded ™
in fresh water, calculate @ /J
Deadweight(DWT) ® TPC © MTC @
Trim (© Fore and after drafts ® LCB
@ LCG.

@ Freight 2 is unloaded from @,
calculate LCB, LCG.

And the problem is
calculation of position and
orientation of the ship

Move freight

@ Freight 1 moves 5m along the » The change in
positive y direction. Calculate heel < force(moment) is given.
angle. And the problem is

calculation of position and
orientation of the ship

Naval Architectural Calculation, Spring 2018, Myung-Il Roh
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Apyr = Ay Ty P

@ When the freight 1 and 2 are loaded in fresh water,
@ Deadweight (DWT) ® TPC © MTC @ Trim @ Fore and after
drafts ® LCB @ LCG

Naval Architectural Calculation, Spring 2018, Myung-ll Roh
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@ LWT, Draft in fresh water (T,), Draft in sea water (T,,)

Ay = Ayp Ty P

sydlab
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® TPC is calculated as follows:

Ay Py 20030-1.
rpc =t P _20-30:10 _ o om
100 100

sydlab o
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GM, =KB+BM, —-KG
=1.72+21.8-2.09=21.43m
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@ Loading of the freight 2 leads to

Trim Moment=-5-(150-2) =-1,500 ton-m

ydlab o
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2 7
After part / Fore part
L2
|| w2res
G ftG T34
Biftp g
2Ly T
=0
BL

ydlab
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[Example] Calculation of Barge Ship’s Trim and Heel Angles (15/18)

Given:

L: 30m, B: 20m, D: 10m, Shell plate thickness:
Tm

Density of the shell plate: p,,=1.0ton/m3

@® Freight 2 is unloaded from @, calculate LCB, LCG.

- If the freight 2 is unloaded from the condition @, the ship’s

Find: i trim becomes zero. Hence LCB=LCG=0. At this time, the

@ LWT, Draft in fresh water (Ty,), Draft in sea ¢ displacement A is 1,764ton, draft is 1,764/(30-20)=2.94m.
water (Tg,) :

@ When the freight 1 and 2 are loaded in fresh :
water, calculate @ Deadweight (DWT) ® TPC &
© MTC @ Trim (@ Fore and after drafts :
LCB @ LCG. H

@ Freight 2 is unloaded from @), calculate LCB,
LCG.

@ Freight 1 moves 5m along the positive y
direction. Calculate the heel angle.

70m
30m |
< 21
. o ngdlab o
uaval Architectural Calculation, Sgrmg 2018, qunq—ll Roh

Heeling moment = w-d -cos ¢

y
— o Hcv
kbt e T .

W) d=5m
[l] U B.L

sydlab =
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Restoring moment is obtained using the following equation.

GZ =GM -sing =(KB+BM — KG)-sin¢g

Because the barge ship’s shape is box-shape,
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[Example] Practical Calculation of a Ship’s Fore and Aft Drafts (1/9)

DWT 150,000 tor Bulk Carrier, Lbp = 264 m

A bulk carrier of which the length between perpendiculars (Lgp) is 264m and
deadweight is 150,000ton (DWT 150K) floats in sea water. The ship is fully loaded
and the fore and after drafts are 16.9m (even keel condition).
After unloading the load 16,032ton from No. 1 Cargo Hold, calculate the fore and
after drafts using the ship's hydrostatic table. For reference, the freight's center of
gravity is located in centerline in transverse direction, and 107.827m from midship in
longitudinal direction.

DRAFT |  DISPL  TRC WIC L.CB LCF KRNI Cb  WETSUR
EYDROSTATIC TABLE (EXT.)!  EXT,
[CV (HI)  (MI/CH) (MT=M/CN) (M) (M) ™) (M'2)
16.600 | 165679 106.7 1968.5 8.709 0.589 18.598 0.819%6 17711
DISPL  TRC MIC  L.CB LCF  RHT Cb  WETSUR 16.620 | 165898 106.7 1969.3 8.698 0.570 18.597 0.8197 17722
EXT, 16.640 | 166116 106.7 1970.1 8.687 0.552 18.597 0.8198 17733
(MT)  (MT/CM) (MT*W/CM) (M) () ) ar'z) 16.660 | 166335 106.7 1970.9 8.676 0.534 18.5% 0.8199 17744
16,680 | 166554 106.7 1971.6 8.665 0.516 18.595 0.8200 17756
15.200 | 150450 1054 1906.1 9.464 2.107 18,717 0.8128 17013 16.700 | 166773 106.7 1972.4 8.655 0.498 18.595 0.8201 17767
15,220 | 150667 105.5 1907.1 9.454 2.081 18.714 0.8129 17023 16,720 | 166991 106.7 1973.z 8.644 0.480 18.594 0.8202 17777
15.240 | 150883 1055 1908.1 9.443 2055 18.71z 0.8130 17019 16.740 | 167210 106.8 1974.0 8.633 0.462 18.534 0.8203 17788
15.260 | 151100 105.5 1909.0 9.43z 2.029 18.709 0.8131 17032 16.760 | 167429 106.8 1974.7 8.622 0.444 18.593 0.8204 17799
15.280 | 151316 105.5 1910.0 9.42z 2.004 18.706 0.8132 17062 16.780 | 167648 106.8 1975.5 8.611 0.426 18.592 0.8205 17810
15,300 | 151532 1055 1911.0 9.411 1978 18.704 0.8133 17078 '
15,320 | 151749 1056 1911.9 9400 1953 18.701 0.8134 17065 16.800 | 167867 106.8 1976,z 8.601 0.408 18.592 0.8206 17821
15.340 | 151965 105.6 1912,9 9.389 1,928 18.699 0.8135 17074 16.820 | 168086 106.8 1977.0 8.50 0.390 18,591 0.8207 17831
15.360 | 152182 105.6 1913.9 9.379 1903 18.6% 0.8136 17093 16.840 | 168305 106.8 1977.7 8.579 0.372 18.591 0.8208 17841
15.380 | 152399 105.6 1914.8 9.368 1.878 18.694 0.8137 17128 16.860 | 168524 106.8 1978.4 8.568 0.354 18.590 0.8209 17851
16.880 | 168743 106.9 1979.1 8.558 0.336 18.590 0.8209 17861
15,400 | 152615 105.6 1915.8 9.357 1.854 18.691 0.8138 17123 16.900 | 168962 106.9 1980.1 8.547 0.324 18.590 0.8210 17871
15.420 152832 1056 1916.7 9.347 1.829 18.689 0.8139 17121 16,920 | 169181 106.9 19809 8,536 0.308 18,530 0.8211 17881
i“zg iggg:g }gg; gﬂz g ggg } 33? }Sﬁii ggi:? gigg 16,940 | 169400 106.9 1981,7 8,525 0.292 18,589 0,821z 17891
BE MR ST BRC R W RS MBI lwml e ow mer oo wwm o
15,500 | 153699 1057 1920.5 9.304 1.733 18.679 0.8143 17190
15,520 | 153916 1057 1921.5 9.293 1.709 18.677 0.8144 17217
15.540 | 154133 1058 1922.4 9.282 1.685 18.675 0.8145 17234 .
157560 | 134330 1058 19953 9271 1lees 18693 08148  1ve10 NOTE @ POSITIVE SIGN(+) OF L,C,B & L,C.F MEANS FORVARD DIRECTION OF MIDSHIP,
15,580 154567 1058 1924.3 9.261 1.638 18,671 0.8147 17192 DISPLACENENT(EXT) IS BASED ON SEA WATER 5.G OF 1,025,

[Naval Architectural Calculation, Spring 2018, Myung:Il Roh
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[Example] Practical Calculation of a Ship’s Fore and Aft Drafts (2/9)

Given: 150k Bulk Carrier (9 Cargo Hold)
Hydrostatic Table
L: 264m, Tper: 16.9m, Trope: 16.9m,
No.1 Cargo Hold: 16,032ton unloaded
(Cargo hold position in longitudinal
direction: 107.827m)

Find:

Fore and after drafts

DWT 150,000 ton. Bulk Carrier, Lbp = 264m

DRAFT | DISPL TPC MIC L.CB L.C.F KHT Cb VETSUR
(EXT.) EXT,

W O oD MTsan W @ ® )
15, 150450 105.4 1906.1 9.464 2,107 18,717 0.8128 17013
15, 150667 1055 1907,1 9,454 2,081 18,714 0.8129 17023
15, 150883 1055 1908,1 9,443 2,055 18,712 0.8130 17019
15, 151100 1055 19090 9,432 2,029 18,709 0.8131 17032
15! IS316 1055 19100 942z 2.00¢ 18706 0813z 17062
15, 151532 1055 1911,0 9,411 1,978 8,704 8133 17078
15, 151749 1056 1911,9 9,400 1,953 18,701 0.8134 17065
15, 151965 1056 1912,9 9,389 1,928 18,699 0.8135 17074
15, 152182 1056 19139 9.379 1,903 18.69 0.8136 17093
15, 152399 1056 1914.8 9.368 1.878 18.694 0.8137 17128
15, 152615 1056 19158 9,357 1,854 18,691 0.8138 17123
15, 152832 1056 1916,7 9,347 1,829 18,689 0.8139 17121
1 153045 10577 19177 9.3 1805 18.68 08140 17182
15. 153265 105.7 1918.6 9.325 1.781 18.684 0.8141 17153
16, 167867 106,86 1976,z 8,601 0,408 18,5% 0,8206 17821
16, 168086 106,86 1977.0 8,590 0,390 18,591 0,8207 17831
16 16305 1068 19777 & 0l372 185 0lsz08 17841
16 168524 106 1976.4 8,568 0,354 18,590 0.8209 17851
16, 168743 106,9 19791 8,558 0,336 18,590 0,8209 17861
16. 168962 106.9 1980.1 8,547 0.324 18,590 0.8210 17871
16, 169181 106,9 19809 8,536 0,308 18,5% 0,8211 17881
16 169400 106.9 1981.7 8,525 0,29z 18,589 0.8212 17891
16 169619 106.9 198z.6 &.514 0.276 18.589 0.8213 17901
16, 169839 106,9 1983.4 8,504 0,261 18,589 0.8z14 17911

NOTE @ POSITIVE SIGK(+) OF L.C.B & L.C.F NEANS FOR¥ARD DIRECTION OF MIDSHIP
DISPLACEWENT(EXT) TS BASED ON SEA WATER 5.6 OF 1.025

Given: 150k Bulk Carrier (9 Cargo Hold)
Hydrostatic Table

L: 264m, Tyer: 16.9m, Teope: 16.9m,

No.1 Cargo Hold: 16,032ton unloaded

Unload the freight
®» Change in force
(moment) is given.

(Cargo hold position in longitudinal direction:

107.827m)

Find:
Fore and after drafts

Problem to calculate
the change of the
position and orientation

Naval Architectural Calculation, Spring 2018, Myung-Il Roh
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z Trim Moment

Trim[m] = MIC-100

:ydlnb 101
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i) Full loading condition

Ship’'s total weight at full loading condition: A =168,962 ton

sydlab
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Change in trim: 61=8.937 m

:ydlnb 107
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[ @ Calculation of parallel rise (draft change) ]

uuuuuuuuuuuuuuuuuuuuuuu

= Tones per 1 cm immersion (TPC)

sydlab s
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