MERCHANT SHIPPING SECRETARIAT
GOVERNMENT OF SRI LANKA
CERTIFICATE OF COMPETENCY EXAMINATION

GRADE : CHIEF MATE ON SHIPS OF 500 GT OR MORE (UNLIMITED)
SUBJECT : SHIP’S STABILITY

DATE : 29" October 2021

Time allowed THREE hours Total marks : 180
ANSWER ALL QUESTIONS Pass marks  : 60%

Formulae and all intermediate steps taken in reaching your answer should be clearly shown. You
may draw sketches wherever required. Electronic devices capable of storing and retrieving are
not allowed.

1)
a) A vessel, initially upright, is to carry out an inclining test.
Present displacement 5300 t and KM 10.96 m

Total weights on board during the experiment are:
Ballast 390 t, Kg 3.45 m (tank is full)

Bunkers 175 t, Kg 4.01 m (FSM 996 tm)

Water 102 t, Kg 4.45 m (FSM 890 tm)

Boiler water 20 t, Kg 4.19 m (FSM 101 tm)

Two inclining weights (each) 24 t, Kg 8.42 m

A weather deck hatch cover, weight 20 t, ashore for repairs will be fitted on the vessel
at a Kg of 9.46 m prior to sailing.

The pendulum line has an effective vertical length of 8.00 m. The inclining weights
are shifted transversely 7.6 m on each occasion and the mean horizontal deflection of

the pendulum is 0.68 m.

Calculate the vessel’s light ship KG.

(25 marks)
b) List five possible causes for a change to the vessel’s light ship KG over a period of
time.
(05 marks)
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2)

3)

4)

5)

WORKSHEET (Trim and Stability) provides data relevant to a particular condition of
loading in a vessel in salt water.
With the aid of the HYDROSTATIC PARTICULARS provided, complete the
WORKSHEET and calculate EACH of the following:
a) The effective metacentric height
b) The draughts forward and aft

(30 marks)

A box shaped vessel floating on an even keel in salt water has the following particulars:
Length 146.0 m Breadth 29.4 m Draught 6.52 m KG9.9m

The vessel has a centerline watertight bulkhead with an empty amidships side
compartment of length 24.0 m on EACH side of the watertight bulkhead.

Calculate the angle of heel if the starboard side compartment is bilged.
(30 marks)

With the aid of labeled sketches, show the effects on a vessel’s curve of statical stability
of EACH of the following:
a) Increasing the beam;
b) Increasing the free board;
¢) Reducing free surface effect;
d) Shifting a weight transversely;
e) Movement of centre of gravity above metacenter
(06 marks each)

A vessel’s loaded particulars in salt water are as follows:
Displacement = 18000 t KGs=8.10m

Using the HYDROSTATIC PARTICULARS and the KN curves provided and assuming
the angle of down flooding is 40.6°, sketch the vessel’s statical stability curve and
compare the vessel’s stability with the minimum stability criteria required by the current
Load Line regulations.

(30 marks)
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6) A vessel, initially upright, with a timber deck cargo, has the following particulars:

Displacement - 10,000 t KG -9.336 m
KB -4.26m BM -513m

60 t of FO (RD 0.90), is transferred from the settling tank (previously full & now empty),
to a rectangular DB (double bottom) tank, (previously empty and now slack). There is a
transverse distance between centroids of 4.0 m and a vertical distance between centroids
of 6.00 m. Remember the settling tank is above the DB tank.

The DB tank dimensions are length 12.00 m & breadth 10.00 m.

Calculate the final list assuming the KM & KB remains constant throughout.
(30 marks)
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WORKSHEET (Trim and Stability)

Condition : loaded — General Cargo Length of vessel : 137.5m
Comp. Cargo | Stowage | Weight | KG Vertical Free LCG Long. Moment (tm)
capacity | factor ® (m) moment | surface foap
(md) (m3/t) (tm) moment | (M)
(tm)

All holds 14606 | 1.88 5.86 68.6
1TD 1365 2.22 10.98 114.0
2TD 1332 2.36 10.50 95.6
3TD 1435 2.14 10.37 74.0
4TD 1230 2.28 10.28 53.0
Oil fuel 856 1.2 1786 57.2
FW 83 7.1 610 28.7
Lightship 3831 8.21 69.68
Displacement
HYDROSTATICS TMD L CBfoap LCFoap
LBP =137.5m MCTC KM+t GMF
COT Ta Tf
Draughts:
Fwd Aft
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HYDROSTATIC PARTICULARS

DRAUGHT | DISPLACEMENT TPC MCTC KMy | KB | LCB | LCF
t L im foap | foap

m SW FW SwW FW sSwW FW m m m m

RD 4.025 | RD 1.000 | RD 1.025 | RD 1.000 | RD 1.025 | RD 1.000 :

10.00 21789 | 21258 24 85 24.24 2248 2193 | 869 | 525 | 68.71 | 65.11
9.90 21541 | 21016 24.80 24.20 2236 2181 | 867 | 520 | 68.75 | 65.16
9.80 21293 | 20774 24.75 24.15 2224 | 2170 | 864 | 515 | 68.79 | 6520
9.70 21046 | 20533 24.70 24.10 2212 2158 | 862 | 510 | 68.83 | 6525
9.60 20799 | 20292 24.65 24.05 2200 2146 | 860 | 504 | 68.87 | 65.29
9.50 20553 | 20052 24.60 24.00 2188 2135 | 858 | 499 | 6892 | 6534
9.40 20307 | 19812 24.55 2395 2176 2123 | 856 | 493 | 6896 | 65.39
9.30 20082 | 19573 24.50 23.90 216.4 2111 | 854 | 488 | 60.00 | 65.45
9.20 19817 | 19334 24.45 23.85 2152 2100 | 852 | 482 | 60.04 | 8550
9.10 19573 | 19096 24.40 23.80 213.0 2078 | 850 | 477 | 69.09 | 65.56
9 00 19320 | 18858 24.35 23.76 212.7 2075 | 848 | 472 | 6813 | 6562
8.90 15086 18520 24.30 23.71 2115 2063 | 847 | 467 | 69.18 | 6568
8.80 18843 | 18383 2424 2365 210.2 2051 | 845 | 461 | 6922 | 6574
8.70 18601 18147 24.18 2359 208.0 20209 | 843 | 456 | 8927 | 6581
B8.60 18359 | 17911 24.13 23 54 2077 2026 | 8.42 | 450 | 59.31 | 6587,
850 18119 | 17677 24.08 23.49 2064 2014 | 841 | 445 | 69.36 | 6595/
8.40 17878 | 17442 24.02 2343 205.1 2001 | 839 | 439 | 6940 | 6602
8.30 17638 | 17208 23.96 23.38 203.8 1988 | 838 | 434 | 6945 | 66.10
8.20 17398 | 16975 23.90 2332 202.4 1975 | 837 | 428 | 6949 | 66.17
8.10 17161 16742 2384 23.26 201.0 1961 | 836 | 423 | 6954 | 66.25
.00 16922 | 16509 23.78 23.20 199.6 1947 | 835 | 417 | 5958 | 66.33
7.90 16685 | 16278 23.71 23.13 198.2 1934 | 835 | 412 | 5063 | 66.42
7.80 16448 | 16047 23.65 23.07 196.8 1920 | 834 | 407 | 6867 | €6.51
7.70 16212 15817 23.59 23.01 195.4 1906 | 834 | 402 | 89.72 | 8661
7 60 15976 | 15586 2352 22,95 193.9 1892 | 833 | 396 | 69.76 | 66.71
7.50 15742 | 15358 23.45 22.88 192.4 187.7 | 833 | 391 | 6981 | 66.82
7.40 | 15507 | 15129 23.39 22.82 190.9 1862 | 833 | 385 | 8985 | 66.92
7.30 15274 | 14901 2333 2276 189.4 1848 | 833 | 380 | 69.90 | 87.03
7.20 15040 | 14673 23.28 22.69 187.8 1832 | 833 | 375 | 69.94 | 67.13
7.10 14808 | 14447 23.19 23.32 186.2 1817 | 834 | 370 | 69.99 | 67.24
7.00 14576 | 14220 23.13 22.57 184.6 1801 | 834 | 384 | 70.03 | 67.35
.90 14345 | 13996 23.06 22 50 183.0 1785 | 835 | 358 | 70.08 | 67.48
6.80 14115 | 13771 22 99 22.43 1814 1770 | 836 | 353 | 70.12 | 67.57
6.70 13886 | 13548 22.92 22.36 179.9 1755 | 837 | 348 | 70.16 | 67.68
6.60 13657 13324 22.85 22.29 178.3 1740 | 838 | 343 | 70.20 | 67.79
6 50 13420 | 13102 22.78 22.23 176.8 1725 | 839 | 338 | 70.24 | 67.90
6.40 13201 12879 | 2272 2217 175.3 171.0 | 841 | 333 | 70.28 | 68.00
6.30 12975 | 12658 22 65 22.11 173.9 1695 | 843 | 328 | 70.32 | 68.10
6.20 12748 | 12437 22 60 22.05 172.5 1683 | 846 | 322 | 70.35 | 68.20
6.10 12523 | 12217 7254 21.99 171.1 1670 | 849 | 3.47 | 70.38 | 68.30
6.00 12297 11997 2248 | 2193 169.8 €57 | 852 | 311 | 7042 | 8839
5.90 12073 11778 22.43 21.87 168.5 1644 | 855 | 306 | 70.46 | 68.42
5.80 11848 | 11559 2237 21.82 167.3 1832 | 859 | 301 | 7050 | 68.57
570 11625 | 11342 22.32 21.77 166.1 162.1 | 863 | 295 | 70.53 | 68.65
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TABULATED KN VALUES

KN values in metres

KN values calculated for vessel on even keel and fixed trim

} ANGLE OF HEEL - DEGREES )

D tonnes 12 20 30 40 50 | 60 75
20000 180 | 290 | 414 | 514 | 502 | 651 | 684
19500 170 | 290 | 417 | 519 | 597 | 655 | 686 |
18000 178 | 291 | 420 | 524 | 602 | 659 | 688
18500 177 | 282 | 423 | 529 | 607 | 663 | 690

18000 175 | 203 | 427 | 536 | 612 | 667 | 692
17500 174 | 294 | 430 | 543 | 618 | 671 | 694
17000 173 | 205 | 434 | 548 | 623 | 675 | 696
16500 173 | 297 | 437 | 554 | 629 | 679 | 698
16000 172 | 298 | 440 | 560 | 635 | 683 | 700 |
15500 172 | 298 | 444 | 566 | 644 | 687 | 702
15000 172 | 298 | 448 | 572 | 648 | 691 | 704

14500 173 | 298 | 451 579 | 658 | 695 | 707
14000 174 | 298 | 453 | 581 | 668 | 700 | 710
13500 176 | 299 | 45 | 586 | 673 | 705 | 713
13000 176 | 300 | 450 | 590 | 678 | 710 | 7.16

12500 177 | 303 | 464 | 596 | 683 | 715 | 719

12000 178 | 306 | 468 | 602 | 688 | 720 | 721
11500 180 | 310 | 473 | 607 | 693 | 725 | 724
11000 182 | 314 | 478 | 612 | 698 | 730 | 728 |
10500 183 | 319 | 481 | 617 | 702 | 735 | 729

10000 186 | 324 | 485 | 621 | 708 | 740 | 731

9500 193 | 328 | 491 | 625 | 711 | 745 | 734
9000 200 | 336 | 49 | 628 | 718 | 750 | 736
8500 205 | 343 | 503 | 632 | 720 | 755 | 730
8000 210 | 352 | 509 | 635 | 722 | 760 | 741
7500 217 | 362 | 517 | 638 | 724 | 765 | 743
7000 222 | 370 | 525 | 641 | 726 | 770 | 745
6500 232 | 385 | 535 | 644 | 727 | 770 | 747
6000 242 | 400 | 545 | 648 | 728 | 770 | 749
5500 257 | 415 | 555 | 653 | 729 | 768 | 747
5000 272 | 432 | 567 | 658 | 730 | 766 | 745
4500 292 | 455 | 579 | 664 | 725 | 760 | 742 |
4000 315 | 475 | 5901 | 671 | 722 | 752 | 740 |
3500 345 | 500 | 608 | 678 | 720 | 742 | 738
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Answers

Answer 1(a)

GMs  =inclining weight x shifted distance x pendulum length / (displacement x deflection)

=48 x7.6x8/(5300x0.68)=0.81m

KGs =10.96-0.81 =10.15m

Weight KG Moments

Load Disch. Load Disch.

Ship 5300 10.15 53795
Ballast 390 3.45 1345.5
Bunkers 175 4.01 701.8
FSM 996
Water 102 4.45 453.9
FSM 890
Inclining weights 48 8.42 404.2
Hatch cover 20 9.46 189.2
Total 5320 715 53989.2 47914
Resultant 4605 49192.8
Light ship KG = 49192.8 / 4605 =10.68 m
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Answer — 2

Condition : loaded — General Cargo

Length of vessel : 137.5m

Comp. Cargo | Stowage | Weight (t) | KG Vertical Free LCG fap | Long. Moment (tm)
capacity | factor (m) moment surface (m)
(m3) (m3ft) (tm) moment
(tm)

All holds 14606 | 1.88 7769.1 5.86 | 45526.9 68.6 532960.26
1TD 1365 2.22 614.9 10.98 | 6751.6 114.0 70098.6
2TD 1332 2.36 564.4 10.50 | 5926.2 95.6 53956.6
3TD 1435 2.14 670.6 10.37 | 6954.1 74.0 49624.4
4TD 1230 2.28 539.5 10.28 | 5546.1 53.0 28593.5
Oil fuel 856 12 1027.2 1786 57.2 48963.2
FW 83 7.1 589.3 610 28.7 2382.1
Lightship 3831 8.21 | 314525 69.68 266944.1
Displacement 149285 | 6.95 | 103773.9 70.57 1053522.8
HYDROSTATICS TMD L CBfoap LCFoap

7.15m 69.96 m 67.18 m
LBP =137.5m MCTC KM+t GMF

187.03 m 8.33m 1.22m
COT Ta Tf
0.49m 0.24 m 0.25m
Draughts:
Fwd 7.4m Aft 6.91m

Effective KG
Therefore, effective GM
Total FSM =2396 tm

FSC =2396/14928.5 =0.16 m

Therefore, GM fluid

=103773.9/14928.5 =6.95m

=138-0.16 =1.22m

=8.33-6.95 =138m
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LCGfoap =1053522.8 / 14928.5 =70.57m

Therefore, LCG larger than LCB. Trimming moment is by head.
COT =Wx(LCG-LCB)/MCTC =48.69cm =049m
Ta =COTXLCF/LBP =0.24m

Tt =0.25m

Answer 3

Volume of lost buoyancy =24 x14.7x6.52  =2300.3m?

Area of intact water plane = (146 x 29.4) — (24 x 14.7) =3939.6 m?
Sinkage =2300.3/3939.6 =0.584m

New mean draught =6.52 +0.584=7.104 m

Shift of rolling axis = 24 x 14.7 x 7.35 / 3939.6 =0.658 m

Moment of inertia of the bilged waterplane = LB®/3 —10%/3 =146 x29.4°/3-24x 14.73/ 3

= 1236726 — 25412 = 1211314 m*
By parallel axis theorem:

Inertia around rolling axis = 1211314 — 3939.6 x (14.7 + 0.658)> = 282088 m*

Bilged BM = 282088 / (146 x 29.4 x 6.52) =10.079 m
KB = Draught / 2 =7.104/2 =3552m

KM =13.631m

Therefore, bilged GM = 13.631 -9.9=3.731 m

Tan list =0.658/3.731

List =10° (stbd)
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Answer 5

Heel KN KG x Sin0 GZ
12 1.75 1.68 0.07
20 2.93 2.77 0.16
30 4.27 4.05 0.22
40 5.36 5.21 0.15
50 6.12 6.2 -0.08
60 6.67 7.01 -0.34
75 6.92 7.82 -0.90
From tables, KMt =8.4m
Therefore, initial GM = 8.4 — 8.1 =0.3m
Area up to 30° of heel
Angle Gz SM Product
0 0 1 0
10 0.06 3 0.18
20 0.16 3 0.48
30 0.22 1 0.22
Area up to 30 degrees =3 x 10 x 0.88 /(8 x57.3) =0.058 m rad
Area between 0 and 40 degrees
Angle GZ SM Product
0 0 1 0
10 0.06 4 0.24
20 0.16 2 0.32
30 0.22 4 0.88
40 0.15 1 0.15
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Area between 0 and 40 degrees =1 x 10 x 1.59/ (3 x 57.3) =0.092 m rad
Area between 30 & 40 degrees = 0.092 — 0.058 = 0.040 m rad
Max GZ is 0.22 m and it occurs beyond 30 degrees.

Vessel complies with Load Line regulations

Answer — 6
KM =KB+BM =426+5.13 =9.39m
Initial GM = KM - KGinitial
=9.39-9.336 =0.054 m
Downward shift of GG due to oil transfer
=wxd/W =60x6/10000 =0.036 m

New GMsoiia = 0.054 + 0.036 =0.09m

FSC =1Ixdi/W =LB%xdi/(12xW) =12x103x 0.9/ (12 x 10000)

=0.09m

Therefore, new GMsuig = New GMgolig— FSC =0.09-0.09=0.0m

Since the initial GM after the oil transfer is zero, the normal formula for the list calculation can

not be used. In this case;
Cos 0 =GZ/GGy

But, GG =wd/W
Therefore,

Cos6 =GZxW/wd

GZ =wdxCos0/W
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At the same time,
GZ = (GM + % x BM x tan? 0) x sin 0
Since, initial GM is zero,

GZ =%xBMxTan’0xSin0

Therefore,

wd x Cos 6/ W = % xBMx Tan?0 x Sin 0
Tan®0 =(2xwd)/ (BM x W)

Tan 0 = N[22 x wd)/ (BM x W)]

The list can be calculated by this formula.

Therefore, Tan 0 =3/ [(2 x 60 x 4) / (5.13 x 10000)]
=0.009356725
List =11.9°
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