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Preface

Knowledge of ship design is difficult to attain and requires extensive experience
and research work to reach a high degree of proficiency. Realizing the fact,
“Department of Naval Architecture & Marine Engineering” of “Bangladesh
University of Engineering & Technology” introduced NAME 338 course
known as “Ship Design Project and Presentation” which provides us with
valuable opportunity of getting involved in whole ship designing process. We
got the firsthand experience to implement our achieved theoretical knowledge
in our project work to attain proficiency.

We have completed our project under the supervision of “Dr. Nayeb Md.
Golam Zakaria”. We wish to express our sincerest gratitude to Sir for his
heartiest co-operation and wisdom throughout the preparation of the project.
From the very beginning to the end of our project work Sir supported us with
his constructive suggestions and ideas. At every step of our designing process,
Sir helped us a lot to correct our mistake as well as provided endless
encouragement to fulfill our work.

We are also grateful to all the teachers of “Department of Naval Architecture &
Marine Engineering” for their valuable suggestions and necessary information
during the preparation and presentation of the project.
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OWNER’S REQUIREMENT

Route : Dhaka - Chittagong



Deadweight : 2500 Ton
Service Speed : 10 knot
Cargo To be Carried : Grain

Route Specification
> Route :
Dhaka - Chittagong
(Sadar Ghat Terminal to Chittagong Port)
> Route Length :
304 km

(164 nautical mile)
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Selection of Basis Ship
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Principal particulars of basis ship

Length Overall : 74.50m



Length between Perpendiculars : 70.8 m

Breadth Moulded ;13 m
Depth Moulded :5m

Draft 4 m
Service Speed : 10 knot

Cs : 0.78

Co +0.75

Determination of principal particulars of design ship
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Using Empirical Formula
Considering, Cpo = 0.75 (For General Cargo, Cp, = 0.65-0.75)

Co= % S.W=DWT/C ,=2500/0.75=3334 ton

Using Cubic Root Formula:

2
o4
" Cubicroot of
CpxCpxp
\2
= Cubic root of 2500 (5'38J x[3.26) =73.8m
0.75x0.78 x 1
73.8
—=——=13.7
B = (L] 538 m
B
B 13.7
—=——=4.2
T = [B] 326 "
T
D =T (%):4.2 . 1.25=5.25m



Posdunine Approach: Benford Approach:

L=C % W C=17 L‘(;.S +4.4 L:6.31(%)2W”3
L=73.8 m =73.8m
B=13.7m B=13.7m
T=4.2m T=42m

Principal Particulars
Length Overall :77.5m
Length between Perpendiculars :73.8m
Breadth Moulded :13.7m
Depth Moulded :5.25m
Draft :4.2m

GENERAL ARRANGEMENT PLAN

10
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Lines plan
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Hydrostatic
calculation

Offset table

swvon HALF BREADTH

wl 0 WL1 WL 2 WL 3 WL4 DECK SIDE POOP/ F'CASTLE DECK

0 0 0 0 0 1803.7 3298.38902 4999.157
0.5 0 0 1200 5000 5610 6076.24549 6514.753

1 0 2310 6050 6410 6590 6668.62275 6303.474
1.5 0 6130 6610 6710 6780 6826.57569 6349.735

2 0 6ea0 BE00 g830 B850 6849.89255 B304.134

3 730 6850 6850 6850 8250 B850 -

4 730 6850 6850 6830 8330 B350 -

5 750 6850 6850 B850 B850 B850 -

B 750 6850 6850 B850 B850 B850 -

7 730 6830 6a30 ga30 330 B350 -

8 0 6220 6420 8580 B690 6776.18118 -
8.5 0 5380 5920 6230 6430 6392.44 6175.745

9 0 3890 4870 2404 5650 5842.1098 8151.339
9.5 0 1520 2300 3179 3690 4109.7851 5207.504
10 0 0 0 0 326 398.96549 2365.426



Station

KEEL

0 4244.543
0.5 2060.618
1 &71.1469

1.5
2

Lnoca = O s

9.5
10

276.898
46

o R s [ g e [ e

4244.543

4414.339
2181.978
1017.708

333.802
92.26327
26.28367
20.28367
26.28367
26.28367
20.28367
26.28367
49.53878
143.5327
1152.155

J078.42

BTK B

2166.31
2514.363
1192.5
477.9735
155.6469
22.56735
52.56735
22.56735
52.56735
22.56735
56.96327
205.1857
765.0388
3534.28
£310.292

BTKC

7199.131
33249.269
1645.271
J07.3878
275.7082
78.85102
78.85102
78.85102
78.85102
78.85102

259.7
500.0033
2934.794
6455.969

Calculation table

HEIGHT ABOVE BASELINE

BTK A DECK

2129.5839
5020.722
4932.780

4500.1
4305.478
4775.192
4775192
4775.192
4775.192
4775.192
4531.761
4935.814
5064.204
2185.435
5363.276



Waterplane area, Displacement, LCB VCB calculation for WL-01

Water planes wl0 wl 01 wl02
SM 5 g Area Sectional Volume moments
section | SM Yo ysSM |y | yxSM | y; | yxSM pmf‘:rmts ai::t::uli?: function | &S a;?;;}l;p
0 0.5 0.00 0.000 0.00 0.000 0.00 0.000 0.000 0.000 0.000 -5 0.000
0.5 2 0.00 0.000 0.00 0.000 1.20 2400 -1.200 -0.210 -0.420 45 1.890
1 1 0.00 0.000 2.31 2310 6.05 6.050 12.430 2.175 2,175 -4 -8.701
15 2 0.00 0.000 6.13 12.260 6.61 13.220 | 42430 7425 14 851 -3.5 -51.977
2 15 0.00 0.000 6.68 10.020 6.30 10.200 | 46.640 8.162 12.243 -3 -36.729
3 4 0.75 3.000 6.85 27.400 6.85 27400 | 51.700 9.048 36.190 -2 -72.380
4 1 0.75 0.750 6.85 6.850 6.85 6.850 51.700 9.048 9.048 -1 -9.048
5 4 0.75 3.000 6.85 27400 6.85 27400 | 51.700 9.048 36.190 0 0.000
6 2 0.75 1.500 6.85 13.700 6.85 13.700 | 51.700 9.048 18.095 1 18.095
7 4 0.75 3.000 6.85 27.400 6.85 27400 | 51.700 9.048 36.190 2 72.380
g 15 0.00 0.000 6.22 9.330 6.42 0.630 | 43.340 7.585 11.377 3 34.130
g5 2 0.00 0.000 5.38 10.760 5.92 11.840 | 37.120 6.496 12.992 35 45472
9 1 0.00 0.000 3.89 3.890 4.37 4870 26.250 4594 4594 4 18375
9.5 2 0.00 0.000 1.52 3.040 2.50 5.000 9.660 1691 3381 45 15215
10 0.5 0.00 0.000 0.00 0.000 0.00 0.000 0.000 0.000 0.000 5 0.000
sum of the sum of the sum of
area area the area Summation of volume Summatio
Different totals | products of | 11.250 |products of| 154.360 |products | 165.960 functions 196.905 n of 26.723
water plane water of water moments
0 plane 0.5 plane 1
Waterplane area 55.350 759.451 816.523
sum of the sum of the sum of
area area the area Summation of volume Summatio
Different totals | products of | 11.250 |products of| 154360 |products | 165.960 functions 196.905 n of 26.723
water plane water of water moments
0 plane 0.5 plane 1
Waterplane area 55.350 759.451 $16.523
SM 5.000 8.000 -1.000 VOLUME 484.386 LCB 1.002
Summatio
Volume products 276.750 6075.610 -816.523  of 5535836 VOLUME 4584.386
volume
products
levers 0.000 0.500 1.000
Summatio
“"““':e"e':"“t the 0.000 3037.805 816.523 nof | 2221282 VCB 0421
moments
Distance between two consecutive sections 738 Distance between two consecutive waterlines 1.05
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end 1 4 1 Arza |Eectional Volume moments
Section Shi W v x Sh W v x Eh Wi v x 8M prnl-_c.tcts = function levars :11-:»1.}1:.t.
for below amidship
0 0.5 o] 0.000 O 0.000 0.00 0000 | 0.000 0000 0000 -5.000 .00
05 2 0] 0.000 0| 0.000 1.20 2400 | 1200 0.843 16386 4500 | -7.588
1 1 o 0000 | 23055 2305 6.05 6050 [ 15272 10.731 10,731 | 4000 | 42924
1.5 2 O 0000 | 6.1226| 12245 | B.61 | 13.220 | 31100 | 21.833 | 43706 | -3.300 | -132.972
2 15 O 0000 | 66795 10019 | G680 | 10200 | 33513 | 23552 35328 | -3.000 | -105.034
3 4 075 3000 | 634590 27400 | G685 | 27400 | 35000 | 245583 03,372 | -2.000 | -196.744
4 1 075 0730 | 6.8480) 5250 605 6850 | 35000 | 24503 24585 | 1000 | -24.503
5 4 075 3000 | 634580 27400 | G685 | 27400 | 35000 | 245583 53.372 0.0 0.0
& 2 075 1300 | 6.8490( 13,700 | 685 | 13700 | 35000 | 24,383 | 49185 1000 | 49136
7 4 073 3000 | 6.3480( 27400 | G685 | 27400 | 35000 | 24 383 58372 2000 | 196744
3 1.5 o 0000 | 6.2247| 9337 6.4z 630 [ 31319 22.007 33.010 3000 o031
3.5 2 O 0000 | 5.3166( 11033 | 592 | 11.840 | 27.987 | 19.663 39.330 3.500 | 137637
g 1 o 0000 | 3.9332| 35983 487 | 4870 | 20803 | 14617 14617 | 4.000 38470
4.5 2 0 0000 | 16955 3301 2.50 5000 | 9232 6522 13.044 | 4500 58.699
10 035 0] 0.000 0| 0.000 0.00 0.000 | 0.000 0.000 0,000 5.000 (.00
sum of sum of sum of
the the the Summ
area area area Summation of ation
Different totals |product| 11.250 |product|133.063 |product| 163.960 volume 360,348 of £3.980
=z of =z of 3 of functions momen
water water water tz
plane 0 plane plame 1
Water plane 55,350 T61.909 816,523
A 1.000 4.000 1000 VOLUME 1378.459 | LCE 0.508
Summ
ation
Volume producisg 35350 3051.634 816.523 of [3523.508 VOLUME 1378.459
volume
product
leverz 0000 1000 2000
Summ
Monent about - ation - -
.00 3051.634 1633 046 4634 631 WE 1258
the keel of
momen
Miztance between two consecutive sections| 7.380 Diztance beftween two conzecutive waterlines 1.054
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Szction | SM 7 vx 8M ki v x &M v, |w2xEM[ v, |vIxEM prn;c.rcta a:aaba.lﬂw function levers a'Ful:mt.
for waterline amidship
0 0.5 O 0000 | 000 [ Q000 | 000 ) 0000 | 000 | 0000 0.000 0.000 0.000 -5 0.000
0.5 2 O 0000 | 000 [ 0.000 120 | 2400 | 500 | 10000 3600 6.798 13.597 ] -61.185
1 1 0 0.000 23 | 2305 | BOS | 6030 Bdl | 6410 | 31478 24 882 24 832 -4 09 52
1.5 2 0 0.000 B12 12245 BBl | 1322 BT | 13420 44903 35500 70.999 S35 | -243497
2 13 0| 0000 | BBE [10019) BE0 |10200| 683 | 10.245| 47268 37366 36.040 -3 -168.146
3 4 0750 3000 | B85 | 27400 B85S | 27400 BES | 27400 | 43.700 33497 | 153933 -2 -307.977
4 1 0750 0730 | B85 | 6830 | B85S | 6830 | BES | 6830 | 43.700 33497 38.497 -1 -38.497
5 4 0750 3000 | B85 | 27400 B85S | 27400 BES | 27400 | 43.700 33497 | 153933 0 0.000
6 2 0750 1300 | 685 | 13700 B85 | 13700 B85 | 13700 | 43.700 33497 76.904 1 76.904
7 4 0750 3000 | B85 | 27400 B85S | 27400 BES | 27400 | 43.700 33497 | 153933 2 307977
3 15 O 0000 | B.22 | 9337 | Bd2 | 9630 | 658 | 9370 | 44514 | 35183 52,733 3 158.343
3.5 2 O 0000 | 552 [11.033) 552 11340 623 | 12460 403540 32.047 64.004 3.5 224323
o 1 O 0000 | 398 | 39383 | 487 | 4870 | 540 | 5404 | 31964 | 25267 25267 4 101.069
9.3 2 0 0.000 170 | 3381 | 250 | 5.000 318 | 6358 | 15763 12 463 24825 4.5 112 163
10 0.5 O 0000 | 000 [ Q000 | 000 § 0000 | 000 | 0000 0.000 0.000 0.000 5 0.000
zum of sum of zum of sum of
the the the the Summ
area area area area Summation of ation
Different totals (product| 11.250 |product|135.063 |product| 1635 960 | product| 176.917 . 910.051 of 37.050
volume functions
z of z of =z of z of momen
water water water water itz
plane plane plane plane 1
Water plane 55,350 761,909 816,523 870,432 |
Shi 100D 3.000 3.000 100D VOLUME 2238726 | LCE 0483
Summati
Volume product{ 33330 2288.726 2449 570 870.432 onof | 5e64.077 VOLUME 2238.726
volume
products
levers 0.000 1.000 2.000 3.000
Summati
Monent about 0.000 2288.726 4399.139 2611283 onof |9799.160 VCB 15823
the keel
moments
Diztance between two consecutive aertiunal 7.380 | Distance between two consecutive waterlines 1.054
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Waterplane area, Displacement, LCB VCB calculation for WL-04
Water planes wl0 wl01 wl02 wl03 wl 04
SM 1 4 2 4 1 Area Sectional moments about
Vohmme function | lev
Section [ SM v vx SM ¥ yxSM v vz SM ¥ vx SM ¥ vx SM  |products for| area below onme function | fevers amidship
0 0.5 0.00 0.000 0.00 0.000 0.00 0.000 0.00 0.000 1.30 0.902 1.804 1.268 0.634 -5 -3.169
0.5 2 0.00 0.000 0.00 0.000 1.20 2.400 5.00 | 10.000 | 5.65 11.306 28.053 19.712 39.424 -4.5 -177.407
1 1 0.00 0.000 2.31 2310 6.05 6.050 6.41 6.410 6.59 6.590 53.570 37.642 37.642 -4 -150.567
15 2 0.00 0.000 6.13 12.260 6.61 13.220 6.71 | 13420 | 678 13.560 71.360 50.142 100285 -35 -350.996
2 15 0.00 0.000 6.68 10.020 6.80 10.200 6.283 | 10245 [ 6.85 10.275 74.490 52.342 78.512 -3 -235.537
3 4 0.75 3.000 6.85 27.400 6.85 27.400 6.85 | 27400 [ 6.85 27.400 76.100 53.473 213.892 -2 -427.783
4 2 0.75 1.500 6.85 13.700 6.85 13.700 6.85 | 13.700 [ 6.85 13.700 76.100 53.473 106.946 -1 -106.946
5 4 0.75 3.000 6.85 27400 6.85 27.400 6.85 | 27400 [ 6.85 27.400 76.100 53.473 213.892 0 0.000
6 2 0.75 1.500 6.85 13.700 6.85 13.700 6.85 | 13.700 [ 6.85 13.700 76.100 53.473 106.946 1 106.946
7 4 0.75 3.000 6.85 27400 6.85 27.400 6.85 | 27400 [ 6.85 27.400 76.100 53.473 213.892 2 427.783
8 15 0.00 0.000 6.22 9330 6.42 9.630 6.58 9.870 6.69 10.035 70.730 49.700 74.549 3 223.648
8.5 2 0.00 0.000 5.38 10.760 5.92 11.840 6.23 | 12460 [ 6.43 12.860 64.710 45.470 90.939 33 318.287
9 1 0.00 0.000 3.89 3.890 4.87 4.870 5.40 5.404 5.65 5.650 52.566 36.936 36.936 4 147.746
9.5 2 0.00 0.000 1.52 3.040 2.50 5.000 3.18 6.358 3.69 7.380 27.486 19.313 38.627 45 173.821
10 0.5 0.00 0.000 0.00 0.000 0.00 0.000 0.00 0.000 0.33 0.163 0.326 0.229 0.115 5 0.573
sum of sum of
sum of sum of sum of Summ
the area the area .
the area roducts the area roduct the area Summation of volume ation
Different totals |products| 12.000 i 161.210 |products| 172.810 P 183.767 |products| 188321 . 1353.230 of -53.602
of water s of functions
of water of water of water mome
lane 0 plane lane 1 water lane 3 nts
P 0.5 P plane 2 P
sum of sum of
sum of sum of sum of Summ
the area the area .
the area roducts the area roduct the area Summation of volume ation
Different totals |products| 12.000 i | 161210 |products| 172.810 P 183.767 |products| 188321 . 1353.230 of -53.602
of water s of functions
of water of water of water mome
lane 0 plane lane 1 water lane 3 nts
P 0.5 P plane 2 P
Water plane area 59.040 793.153 850.225 904.134 926.539
SM 1.000 4.000 .000 4.000 1.000 VOLUME 3328.95 LCB -0.292
Summation
Volume products 39.040 3172613 1700.450 3616.535 926.539 of volume | 94751771 VOLUME 3328.95
products
levers 0.000 1.000 2.000 3.000 4.000
M. ¢ about Summation
Sonent abot 0.000 3172613 3400.901 10849.604 3706.157 of |21129275 VCB 2.350
the keel i
moments
Distance between two consecutive sections 7.38 Distance between two consecutive waterlines 1.054

19



LCF and BM; calculation for WL 1 TO 4

= = wil wi2 wl3 wl4
3 = |2
3 R v ysm | (ysm)x| (y'sm)x ¥ vsm | (ysm)x | (ysm)x| ¥ ysm | (ysm)x| smzt| ¥ ysm | (y'sm)x| (ysm)x®
0 0.5 -5 0.00 0.000 0.000 0.000 0.00 0.000 0.000 0.000 0.00 0.000 0.000 0.000 1.80 0.902 -4.509 22.546
0.5 2 4.5 0.00 0.000 0.000 0.000 1.20 2400 | -10.800 | 48.600 5.00 10.000 | -45.000 [ 202.500 5.61 11.220 | -50.490 | 227.205
1 1 -4 2.31 2310 -9.240 36.960 6.05 6.050 | -24.200 | 96.800 6.41 6.410 | -25.640 | 102.560 6.59 6.590 | -26.360 | 105.440
1.5 2 -3.5 6.13 12.260 | -42.910 [ 150.185 6.61 13220 | -46.270 | 161.945 6.71 13.420 | -46.970 | 164.395 6.78 13.560 | -47.460 | 166.110
2 15 -3 6.68 10,020 | -30.060 90.180 6.80 10200 | -30.600 | 91.800 6.83 10245 | -30.735 92.205 6.85 10275 | -30.825 92.475
3 4 -2 6.85 27.400 | -54.800 | 109.600 6.85 27.400 | -54.800 | 109.600 5.85 27.400 | -54.800 | 109.600 5.85 27400 | -54.800 | 109.600
4 1 -1 6.85 6.850 -6.850 6.850 6.85 6.850 -6.830 6.850 6.89 6.850 -6.850 6.850 6.85 6.850 | -6.850 6.850
5 4 0 6.85 27.400 0.000 0.000 6.85 27400 0.000 0.000 6.85 27.400 0.000 0.000 6.85 27.400 0.000 0.000
] 2 1 6.85 13.700 | 13.700 13.700 6.85 13.700 | 13.700 13.700 6.85 13.700 | 13.700 13.700 6.85 13.700 | 13.700 13.700
7 4 2 6.35 27400 | 54.800 109.600 6.85 27400 | 54.800 | 109.600 6.85 27400 | 34.8300 109.600 6.85 27400 | 34.800 109.600
3§ 1.5 3 6.22 9.330 | 27.9%0 83.970 6.42 9.630 | 28.890 | 86.670 6.58 9.870 | 29.610 88.830 5.69 10.035 | 30.105 90.315
8.5 2 35 5.38 10.760 | 37.660 131.810 5.92 11.840 | 41.440 | 145.040 6.23 12.460 | 43.610 152.635 6.43 12.860 | 45.010 157.535
9 1 4 3.89 3.8%0 15.560 62.240 4.87 4.870 19.480 77.920 5.40 5.404 21.616 86.464 5.65 5.650 | 22.600 90.400
9.5 2 4.5 1.52 3.040 13.680 61.560 2.50 5.000 | 22.500 | 101.250 3.18 6.358 28.611 128.750 3.69 7.380 | 33210 149.445
10 03 5 0.00 0.000 0.000 0.000 0.00 0.000 0.000 0.000 0.00 0.000 0.000 0.000 0.33 0.163 0.815 4075
TOTALS 154.360 | 19.530 | 856.655 165.960 | 7.200 |1049.775 176.917 | -18.048 | 1258.089 181.385 | -21.054 | 1345.296
Distance between two sections 7.38 7.38 7.38 778
Displacement 484.386 1378.45% 2238.726 3328.946
Water plane Area 759451 816.523 §70.432 940,783
IPC 7.595 8.165 8.704 9.408
TOTALS 154.360 | 19.530 | 856.655 165.960 | 7.290 |1049.775 176.917 | -15.043 | 1258.089 181.385 | -21.054 | 1345.296
Distance between two sections 7.38 7.38 7.38 7.78
Displacement 484386 1378.459 2238.726 3328.946
Water plane Area 759.451 §16.523 §70.432 940.783
TPC 7.5905 8.165 8.704 9.408
LCF from Amidship 0.934 0.324 -0.753 -0.903
Moment Ofﬂ.lem.a 2bowt the 229553.427 281EHD3 337E+05 4.22E+05
amidship
Moment of mertia about the LCF 228891.290 281EH1 3.37E+05 4.22E+H05
Longitudinal Metacenter 472.539 204.008 150.367 126.639
Length 77.880 77.880 77.880 77.880
Density of fresh water (tm"3) 1.000 1.000 1.000 1.000
A 484.386 1378.459 2238.726 3328.946
MCT1cm 20.390 36.109 43.224 54.131

20



Transverse metacentric height BM; calculation

metacentric height

Water lines above base line ‘Water lines above base line Water lines above base line Water lines above base line
1 2 3 4
n
E = 3 ] 3 ] ] 5 ] 3
= b ¥ v v XSM ¥y v v XEM ¥ ¥ ¥ XSM ¥ ¥ v XSM
wr
0 05 0.00 0.000 0.000 0.00 0.000 0.000 0.00 0.000 0.000 1.80 5.868 2534
05 2 0.00 0.000 0.000 1.20 1728 3.456 5.00 125000 | 250.000 5.61 176.558 | 353.117
1 231 12.326 12.326 6.05 221.445 221445 6.41 263.375 263.375 6.59 286.191 286.191
15 2 6.13 230.346 | 460.693 6.61 288.805 | 577.610 671 302.112 | 604.223 6.78 311.666 | 623.332
2 15 6.68 208078 | 447116 6.80 314432 | 471648 6.83 318612 | 477518 6.85 321.419 | 482128
3 4 6.85 321.41% | 12B5.677 6.85 321.41% | 1285677 6.85 321419 | 1285677 6.85 321.419 | 1285677
4 1 6.85 321.419 321419 6.85 321.41%9 | 321.41% 6.85 321.419 321.419 6.85 321.419 321.419
5 4 6.85 321.41% | 12B5.677 6.85 321.41% | 1285677 6.85 321.419 | 1285677 6.85 321.419 | 1285677
& 2 6.85 321.41% | 642838 6.85 321415 | 642.838 6.85 321419 | 642838 6.85 321419 | 642838
7 4 6.85 321.41% | 12B5.677 6.85 321.41% | 1285677 6.85 321419 | 1285677 6.85 321.419 | 1285677
B 15 6.22 240642 | 360.963 6.42 2646059 | 396.914 6.58 2B4.890 | 427.335 6.69 2890418 | 449127
85 2 5.38 155.721 311442 592 207475 | 414548 6.23 241.804 | 483.609 643 265.848 | 531.695
9 1 5.89 58.864 58.864 487 115501 | 115.501 5.40 157.814 | 157.814 5.65 180.362 | 180.362
85 2 152 3512 7.024 250 15.625 31.250 5.18 32127 64.254 3.69 50.243 100487
10 0.5 0.00 0.000 0.000 0.00 0.000 0.000 0.00 0.000 0.000 0.33 0.035 0.017
summation of y3 X SN 6479.715 7054.060 7549816 7830.678
Distance between H 7.380 H 7.380 H 7.380 H 7.800
two stations
dlspla::-lmnent of For waterplane 01 | 484386 | Forwaterplane 2 | 1378.45% | for waterplane 3 | 2238726 | Forwaterplane 4 | 3328.846
Moment of inertia | 10626.732 | 11568.659 | 12381.698 | 13573.176
Transverse BM, 21939 BM, 2302 BM, 5531 BM, 2.077
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Hydrostatic calculation (summary )

LCB(m LCF {m

Pﬂ'?”]"f D“f:‘:;e“; VB(m) | from | TPC ton) | BM(m) | BM,(m] | from MC),T”;' o | | o | G
m)-|entitons amidship) amidehip)| ™
1 | 105 [486231| o421 | 1002 | 7595 | 2194 | 4725 | 093¢ | 2939 | 0458012 0.628954 0007511 0728212
2 20 | 1375 126 | o910 | 815 | 839 | 20401 | 0324 | 361 |054928| 0854815 0,008076 0759518
3| 316 | 2387 | 130 | 0480 | 87 | 5530 | 19037 | 073 | 4322 | 0.70070.839243 0.008509 0787973
4 42 | 33855 235 | 029 | 941 | 408 | 12664 | 0503 | 5413 | 0783937 0.529318 (0,009305 0.843562
Hydrostatic curve
2]
5]
o
E Q2 W W Lcs 18 Diglaeren
5 23 1\ W/
O o \ /
:‘é 2.1 \‘.‘ / S
S \‘-‘ ("‘I o --""7-7-'7{- T e g
z 108 BT
Displacement (ton) ik 'alw ln iE 2500 e 12
KB (m) [ | 7\0
BMT ' [ Il
TPC (1cm) LI O O
[McTC MEREAN
1mAFT 1mFWD

=

L
\J{ )
e
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SCANTLING CALCULATIONS

Particulars:

Length of ship, L=73.8m

Breadth of ship, B=13.7m

Draft, T=4.2m

Height, H=5.25m

Block coefficient, C;=0.78

Frame spacing,a = 0.6 m [Ref: GL 2013 Sec-9- B.1.1]
Web frame spacing, e=2.4m

Material factor, K=1

Bottom Structure

Floor

For single bottom

Section modulus : W =cTel?[cm?]
C : coefficient, defined as:

c = 7.5 = for spaces which may be empty at full draught, e.g. machinery spaces,
store-rooms, etc.

c = 4.5 = elsewhere

e: spacing [m]of plate floors
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| : unsupported span [m], generally measured on upper edge of floor from side shell to

side

shell, with:

Depth:
2013, Sec-8, B.1.2]
h =55B- 45 [mm]
= 708.5mm =710 mm
Depth is taken as 750 mm

Web thickness:

t = (h/100)+3 = 10.08 = 11 mm

section modulus -cx T x e x |2
=45x4.2x.6x13.7°

Flange area is 19.7 cm?

So flange width is 180 mm

Dimension-T-750 x 180 x 11 mm

Floor plates in the peaks :
GL 2013, Sec-8, B.1.2.2]

t = 0.035L + 5.0 [mm]
= 7.583 =8 mm

[Ref: GL

[Ref:
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h =0.06H + 0.7[m] = .952m

Centre girder:
[Ref: GL 2013, Sec-8, B.2.2.1]

The web thickness :
tw = 0.07L + 5.5[mm]

= 10.66 = 11 mm
Thickness is taken as 12 mm
Ar=0.7L + 12 [cm]
=65 cm?

So , flange width is 540 mm

Dimension - T-750 x 540 x 12 mm

Side girder:
[Ref: GL 2013, Sec-8, B.2.2.2]

Web thickness ::

tw = 0.04L + 5 [mm]
= 7.952 =8 mm

sectional area -
A = 0.2L + 6 [cm?]

= 20.76 = 21 [cm?]

So , flange width is taken as 270 mm

Dimension -T- 750 x 270 x 8 mm
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Bottom Shell plating

Cw = Service Range Co-efficient = 1

4 .A.3]
Co = Wave Co-efficient
L
=|—=+4.1] X Cn
25 ¢
= 7.05
C. = Length Co-efficient = \/% = 0.9
4 .A.3]

ni= 1 for transverse framing
6 .A.2]

Probability factor, f = 1; for plate panels of outer hull

Po = Basic external dynamic load
4.A.2 ]
= 2.1 (Cg+0.7) x Co X C_xf KN/m?
= 2.1(0.78+4+0.7) x 7.04 X 0.9%x 1 KN/m?
=19.72 mm?
P = Pg = Load at bottom
= 10T + Po.C: KN/m?
4, B, 5]
= 10%4.2 + 19.72%x1 KN/m?
= 61.72 mm?

0 erm =Permissible design stress [N/mm~ 2] defined as

L1230

=[0.8+; I

2013, Sec-6, A, 1]

= 241 mm?

[Ref: GL 2013, Sec-

[Ref: GL 2013, Sec-4 .A.3]

[Ref: GL 2013, Sec-

[Ref : GL 2013, Sec-

[Ref : GL 2013 Sec-

[Ref: GL 2013, Sec-

[Ref: GL
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0,=12.6 xV L = 108.24

ter= 1.9xNn; X a X Vpbxk+ tc=1.9x1 x.6x .6 x X V61.72+ 1.5 =10.45=11 mm

tsy=1.21 x a X (P4 K)i+ tc=7.2 mm  [Ref: GL 2013, Sec-6, B.1]

Again, Minimum bottom plate thickness = c\/('L_K)+ tc =9.8 mm = 10 mm

[Ref: GL 2013, Sec-6, B, 2]

So, Thickness of Bottom Plate: 12 mm

Side shell plate thickness
[Ref: GL 2013, Sec-6, C, 2]

pS = 10 x (T2) + po . & ( 1+2/T) = 10 +(4.2-2.63)+19.72xIx(1+5>)

=47.76 N/mm?

tei= 1.9x Ny X a X Vpsxk+ tc= 9.37 mm

So, 10 mm is taken
Sheer strake width =800+ 5L =1170 mm

Thickness = .5 (tp + ts) = 10 mm
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Keel plate [Ref: GL 2013, Sec-
6, B.4.1]
t=t+ 2 =14 mm

B=800+5L=1170 mm

So, it is taken as 14 mm

Bilge plate

Thickness of bilge plate is taken as 14 mm

Scantling of side structure

Main frame [Ref: GL 2013, Sec-
9, B.2]

M.=1-s/l =1 s=0 [Ref: GL 2013,
Sec-3, B3.4]

Mk3=1-(|ku/| + 4 (|ko/|)) =77
W= nx mgX (1-m.?) m¢ .a .12 . k
=64 x.77 x(1-.142?)x1x.6x2.4°x47.76 x 1

=79.69 ~ 80 cm?
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Dimension - L- 100 x 75 x 9 mm (Ref. Zulfikar.M.M. (2008). The Inland Shipping
Laws & Rules, P-166)

Web frame and side stringer [Ref: GL 2013,
Sec-9, B.5.3]

Z=2.63m

e=web frame spacing = 2.4m

= length of unsupported span =2.4 mm
W=.55xex[?x p xkxnc
=.55x2.4x24°x47.76 x 1x 1

=363.13 cm?

Dimension -T- 270x130x8 mm (Ref. Zulfikar.M.M. (2008). The Inland Shipping Laws &
Rules, P-170)

Bracket [Ref: GL 2013, Sec-
3, B3.5.2]

WB:nXCanIZXpXk

288cm’

The thickness of the bracket should not be less than

S L
K
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a95xﬂg%§+15

8 mm

Arm length

The arm length of brackets should not be less than

[;=46.2 Xf/%x C

4&2xﬂg%§x036

=292 mm
We take as 300 mm

Scantling of deck structure

Deck girder

P=P, [Ref: GL 2013, Sec-4, B.1]

20T
=Pox( X Cp

10+4z—-T/H

20x4.2
(10+2.63 -4.2)5.25

=19.72 x

= 37.42 kN /mm?

Section modulus -W =cxe xI?°xP x k

= 202.34 cm?
[Ref: GL 2013, Sec-10, B.2]
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Dimension T-200x150x6 mm

Deck Beam
|=length of unsupported span = 2.65 m
c=.55

wg= cX (mki2- ma?) x axI?x px k [Ref: GL
2013, Sec-10, B.1]

= 62.38 cm?

Dimension L-100 x 65 x 7 mm (Ref. Zulfikar.M.M. (2008). The Inland Shipping
Laws & Rules, P-165)

Deck plate

t=cxaxVp.k + t
tmin == (5.5 + .02 L) X \/k

we take as 10 mm

Scantling of Superstructure

Thickness of side plating
[Ref: GL 2013, Sec-16,D .2 ]
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t=1.21 x a X Vp.k+ t

=7 mm
Deck plating
Tmin= (5.5 + .02 L) x Vk

= 6.976

We take as 7 mm

Deck beam
[Ref: GL 2013, Sec-10, B.1]

wg= cX (mki3- ma?) x axI’x px k

=.55 x (.862%-.1422 ) x .6 x 1.8%> x 37.42

= 62.38 cm?

Dimension L-100 x 65 x 7 (Ref. Zulfikar.M.M. (2008). The Inland Shipping Laws
& Rules, P-165)

Superstructure frame
[Ref: GL 2013, Sec-9, B.3]

Wg= cX (mki?*- ma?) x m. xaxI’x px k

=.55 x (.86%-.142? ) x1x .6 x 1.8 x 47.76

= 36.76 cm?
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Dimension L-75 x55 x 7 mm (Ref. Zulfikar.M.M. (2008). The Inland Shipping

Laws & Rules, P-165)

Hatch cover [Ref: GL 2013, Sec-17, B.5]

T« =2 in general
Minimum thickness
Tmin = 6 + t&

=8 mm

So 9 mm is taken

Hatch coaming thickness

8.5 = 9 mm is taken

Bulkhead
Maximum spacing between bulkhead= .15L + 6.5
=17.57 m
We take 17.6 m
Bulkhead plating [Ref: GL 2013, Sec-10, B.1]
Tmin= 6 X +/f
=6 mm
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We take as 7 mm

Collision bulkhead plating

t=1.1xfxaVp+ t
= 5.4 mm
P=9.81 xh
= 9.81x 3.5
= 34.33 KN/mm?
Trin= 6 X f
=6 mm

So we take as 7 mm

Bulkhead stiffeners
[Ref: GL 2013, Sec-11, C.1]

Section modulus of bulkhead stiffeners
W= C; x(mki2- ma?) x axI’x p
=.33 x (.86%-.142%) x .6 x 1.8°x 51.50

= 42.24 cm?

Dimension L -75 x50 x9 mm (Ref. Zulfikar.M.M. (2008). The Inland Shipping

Laws & Rules, P-165)

Name of Component

Dimensions

Bottom Plate

Thickness:12 mm
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Keel Plate

Thickness:14 mm; Width 1170mm

Bilge Plate

Thickness:14 mm

Side shell Plate

Thickness: 10 mm

Sheer strake

Thickness: 10 mm Width 1170mm

Deck plate

Thickness:10 mm;

Bulkhead plate

Thickness: 7 mm

Center Girder

T-750 x540x12 mm

Side Girder T-750x270 x 8 mm
Deck beam L- 100 x 65 x 7 mm
Deck girder T- 200 x 150 x 6 mm

Superstructure frame

L-75x55x7 mm

Super structure deck plate 7 mm
Superstructure side plate 7 mm
Hatch cover plate 9 mm
Hatch coaming 9 mm

Floor

T-750x180x11 mm

Ordinary frame

L- 100 x 75 X 9 mm

Web Frame and side stringers

T-270 x 130 x 8 mm

Bulkhead Stiffener

L- 75 x50 Xx 9 mm

Brackets

Thickness: 8 mm; Arm length: 300 mm
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Midship section
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Railing

‘Roof Plate 7 mm

Roof

/= Longitudinal

L-70X50X5
Beam
L-110X70X
I
Navigation Deck Plate
Side wall 7mm
o) 4 Naviga¥ign Deck longitudihal
L-50X30X6

Side Stringer
T-270x130x8

SideFrame
L-120X90X10

mmm.:‘m

Side waL/

7 mm

TDOE—DI B Beam Pmmkmh i

L-BOX60X6

I T

Main Frame I/

L-100x75x9 |

Shell Plate Thickness
10mm

Bilge Plate Thickness—
14 mm \

Deck Girder _tffiﬁeam
T-200x150x6 BXT

Side Stringer
T-270x130x8

Floor T - 750x180x11

Botiom Platc
12 mm

NCss
"% Side Girder

T-750x270x8 Plate 4 mm

Frame No - 22

Flat

el Flat Keel
Plate 14 mm

1

1 Center Girde,
/_ T- 750x540x12 \

Hatch Way Beam
L - 100x65%7

atch Coaming 9 mm

10 mm

Hatch Cover Thickness 9 mm

Deck Plate Thickness

Deck Girder ___ "1 1 I

T- 200x150x6
Deck Web .——’/

T-170x150x5 Bracket Affn
300x300x8

Floor T - 750x180x11

Sheer Strake

L/ Thickness 10 mm

f——— Web Frame
T-270x130x8

TS,

| [ side Stringer
T-270x130x8

| ———shell Plate Thickness
10

mm

,—Bilge Plate Thickness
14 mm

[\

¢

=%
Side Girder

Bottom Plate
Thickness 12 mm

Frame No - 59

Longitudinal Construction

T-750x270x8
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MAIN FRAME WEB FRAME
100X 75X 9 270X 130X 8

SIDE STRINGER
TOX 130X 8

Base Line o ==

d s 30
FR. ERACING - 500 ey

Side Deck Girder

Deck Beam - 100 x65x 7 200x 150 x 6
T SHTTHTTITITITTITT DT IO OO T O T T -
i alD-0 SLD - 02 iy
AT [ [ T,
Filli [NNANRN £
BHD BHD BHD BHD
! M
T

Canter
T50x541

Shell expansion
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Fig : Shell Expansion

PLATE DESCRIPTION
PLATE DIMESION (mm) [NOQ. QF PLATES
1. KEEL PLATE 6000X1200X14 14
2. BOTTOM PLATE 6000X2000X12 19
3. BILGE PLATE 6000X1600X14 24
4. SHEAR STRAKE |  6000X1200X10 13
5. SIDE SHELL 6000X2000X10 26

SYMBOLS

FRAMES

WEB FRAMES
WELDING LINES
BHD

RUDDER CALCULATION

Principal Particulars:
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Length of ship, L=73.8 m
Breadth of ship, B=13.7 m

Draft =4.2 m (Where B/T = 3.26)
Ship Speed, V=10 Knots

Cp,= .78
Rudder Area:
The classification society DNV calls for rudder area to be at least the size of (Rules , 1975):
2
A=t li405| B
100 L

Where,

A=Area of rudder
T=Draft

L=Length of the ship
B=Breadth of the ship

2
So, we have A=1 1+25(%)

100

(4.2*73.8/100){ 1+25*(13.7/73.8)} m>
5.76m?

From the reference book ‘Applied Naval Architecture’ by Munro Smith, the rudder area can be

determined by,
d

A==
60

So, we have

= 5.12m?

The size of the movable rudder area is recommended not to be less than obtained from the
following formula (according to GL Rule book):
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1.75xLxT .
A= Ci Co.C3. Cy 100 m

C; = factor for the ship types=1.0 (in general)

C, = factor for the rudder types=1.0 (in general)

C; = factor for the rudder profiles=1.0 (for NACA —profiles and plate rudder)
C, = factor for the rudder arrangement= 1.0 (for rudders in the propeller jet)
So, we have

1.75xLxT ,
A =C; C,.C5 Cy 100 m

=1x1x1x1x(1.75*73.8%4.2/100) m*
=5.42 m*

So, we have taken rudder area, A = 5.42m’

Material:

In general materials having yield strength ReH of less than 200 N /mm? and a tensile strength of
less than 400 N /mm? or more than 900 N /mm? are not to be used for rudder stocks, pintles, keys
and bolts. The requirements of this Section are based on a material's yield strength ReH of 235
N/mm?, If material is used having a ReH differing from 235 N /mm?, the material factor k; is to be
determined by the following formula:

_[235 " )
kr—( ReH) ;for Rey>235 (N/mm©)

235

=R for Reu<235 [N/mm?] [GL 2008 section 14 article-4 ]
eH

Yield strength of forged steel R,,; =450 N/mm’

0.75

235 ) 2
in case of R,;;>235N/mm

ReH

235 |°7°
=)
0.614

Material factor, k r:(

Aspect ratio:
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b
Aspect ratio, a =7 [GL 2008 section 14 article A-5]

Let’s assume, Aspect ratio, a = b%A = 1.7
A=total moveable area of rudder

Where,
Rudder area, A =5.42 m?
Mean height of rudder, b =3.03 m

Mean Breadth of rudder, c =1.78 m

Rudder force:

From the GL, the rudder force is to be determined form the following formula,
CR:132XAXV2><K1XK2XK3XKt

Where, [GL 2008 section 14 article B-1.1]

Cr=¢ Normal force acting on rudder

K,={ Coefficient depending on the aspect ratio

=3.7/3=1.23
K,=¢& Coefficient depending on the type of the rudder and rudder profile

1.1(For NACA-00 series Gottingen profile and ahead condition)
K;=¢ Coefficient depending on the location of the rudder

= 1.0 (For rudders within the propeller jet)
K, =& Coefficient depending on the thrust coefficient

1.0 (Normally)

v=¢( Ship speed for ahead condition
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=10 knots

A=( Movable rudder area
= 5.42 m?

So, we have

_ 2
Cr=132xX AXV XK, XK,XK3 XK,

=132x5.42x (10)*x1.23x1.1x1.0x1.0
=96800 N
=96.8KN

For astern condition taking Va 6 knot. Cr is 34820 N

Rudder torque:

The distance of center of pressure from the turning axis is given by,

r=cla-k,| [GL 2008 section 14 article B-1.2]

Where,
a=.33 (For ahead condition)
k,=¢ Balance factor = 0.25 (for unbalanced rudders)

b=( Mean height of rudder = 3.14 m
Al
C:?: (5.42/3.03) = 1.78m

So, we have
r=cla-k,|

= 1.78(0.33- 0.25)
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=0.14m
The torque on rudder is to be determined by using this formula,
Qr=C.x%r
= 13552 Nm
For astern cond. k=.55 r=1.78(.66-.55)
=2

Torque=Cr X r =6970 Nm

Rudder stock:

According to GL the diameter of rudder stock for transmitting the rudder torque is not to be less
than,

D,=4.2xQpxk,
Where,

Material factor for rudder, k, = 0.614

So, we have
D,=42xJQyxk,
4.2 x 1/14040.96 x 0.614
=85

So, we take diameter of the rudder stock as 85 mm
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Related torsional stress, r, = (68 /k;) = 110.75 N/mm?
Quadrangle for auxiliary tiller, = 0.77D;
=0.77*85 mm
=65.45~ 66mm
Height of the tiller, = 0.80D;
=0.80x85mm

=68 mm

Rudder frames:

According to GL rules for construction of ships, the standard spacing of horizontal rudder frames is
to be obtained from the following formula:

4,202 %L +0.4
100

=.5476
=547 mm
So, we take the spacing of horizontal rudder frames

=550 mm

The standard distance from the vertical rudder frame forming the rudder main piece to the adjacent
vertical frame is to be obtained by,

a,=1.5xa,=1.5%550

=825 mm

So we take the spacing of vertical rudder frames = 825 mm

Rudder plates & web:

According to GL, the thickness of rudder plating is to determined from the following formula,
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t,=1.74 xax \/PR xk,+2.5 [GL 2008 section 14 article E-2.1]

Where,

Smaller unsupported width of a plate panel, a 0.63m

C'R

10°x A

And pR=10T+

=59.85 KN/m?
Material factor,k, = 0.614
So, we have
t,=1.74x a x+/pg x k,+2.5

1.74 x0.63xv98.44 x0.614 +2.5
=9.87~10 mm
Hence, we take the thickness of rudder plating as

10 mm

The thickness of the webs is not to be less than,

t,=0.7xt,

=7 mm

So, we take thickness of webs as t= 7 mm

Pintle:
The diameter of pintle is not to be less than,
d,=0.35x B, xky [GL 2008 section 14 article E-5]

Where,



B,=¢ Support reaction at the pintle
=Cr Xb/c
=96800 X 1.7
= 164560
=164.56 KN
Material factor, k,= 0.614
So, we have

d,=0.35x B, xkj

=111.25

Hence, we take pintle diameter as =112 mm

Bearing:

In way of bearings liners and bushes are to be fitted. Their minimum thickness
is given as,
tpin=22mm

For metallic materials. [GL 2008
section 14 article E-4]

So, we take thickness of liner t,=22mm
Thickness of bush not be less than,

d=0.01vB,

Where,
Support reaction at the pintle,B,=164560 N

The thickness of the bush,
d=.01*164560
=4.05 mm

Hence, we take thickness of bush, d = 5 mm

The projected bearing surface at the neck bearing
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Where,
Support reaction at neck bearing and carrier bearing, B,
B,-C,
=164560-96800
=67760 N
Permissible surface pressure, q

2.5 N/mm?* (For lignum vitae)

So, we have
B
‘Abn:_2
q
=27104 m>
Again,

A,,=bearingheig ht x external diameter of liner

External diameter of liner, ds
=(84+44)mm= 128 mm
So, we have Bearing height,
=27104/128
=211.8 mm

So, we take bearing height as, 212 mm

Bearing clearance
=d, /1000 +1
Where, Inner diameter of bush, d,
=128/1000+1
=1.128 mm
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Rudder couplings:

The diameter of horizontal coupling bolts is not to be less than,

D/’xk, : :
d,=0.62 x pe— [GL 2008 section 14 article D-2.1]
LXnxe

Where,

D,=¢ Rudder stock diameter

n=¢ Total number of bolts 8

k,=4 Material factor for rudder 0.614

k,=¢ Material factor for bolt =0.614

e={ Mean distance of the bolt axis form the center of bolt system

Rudder stock radius + distance of bolt axis from outer surface of rudder stock

=42 +100
=142 mm

d,=0.62 LSX’(”
= X
b k,xnxe

=16.35 mm

So, we have

So, we take the diameter of horizontal coupling bolts as 17 mm

The thickness of coupling flanges is not to be less than,

o2 2K
=0 k. xnxe

Where,

D,=¢ Rudder stock diameter

n=¢ Total number of bolts =6

kr=¢ Material factor for rudder 0.614

k,=¢ Material factor for flanges k,=0.614
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So, we have

=42+4+100
=142mm

=16.35 mm

So we take the thickness of coupling flanges as 17 mm

Thickness of coupling flange clear of bolt hole=0.65 t;

=0.65% 17mm

=11.05mm~11.1 mm

Width of material outside bolt hole = 0.67 X t;

=0.67% 17mm

=11.4mm

Summary

e=( Mean distance of the bolt axis form the centre of bolt system

Rudder stock radius + distance of bolt axis from outer surface of rudder stock

Items

Dimensions

Material

Rudder area

5.42 m’

Rudder stock Diameter 84mm Forged steel
Coupling bolts Diameter 17mm Forged steel
Coupling flanges Thickness 17mm Forged steel
Horizontal web Spacing 550 mm Forged steel
Vertical web Spacing 825mm Forged steel

Web plate Thickness 7mm Forged steel
Rudder plate Thickness 10mm Forged steel
Pintle Diameter 112 mm Forged steel
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Liner

Thickness 22 mm

Forged steel

Tiller

Diameter 33 mm

Forged steel

Steering rod

Diameter 52.5 mm

Forged steel

Bush

Thickness 5 mm

Lignum vitae

Height of Bearing

212 mm

Forged steel

Rudder Drawings
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Rudder Stock @ 84mm
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DETAIL-A

Ring Boli

Shigging Nut
Locking Nut

Key

Tiller

Thrust Coller

Lock Nut & Bolt
Upper Thrust Bearing
Thrust Bearing Housing
Seatting

Rudder Stock

Socket

Packing

Stud

Packing Cover

Trunk

THICKNESS OF COUPLING FLANGE

UPPER COUPLING FLANGE

LOWER COUPLING FLANGE
DETAIL-B

! PINLTE
220 mm

QUTER SLEEVE 176 mm

NER SLEEVE 145 mm

PINTLE

DETAIL-C

Steering Arrangement
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Principal Particulars of Ship

Length (L) 79.15 m
Breadth (B) 12.86m
Draft (T) 3.95m

10 knot (ahead)
5 knot (astern)

Block Coefficient (Cg) 0.733

Speed (V)

Rudder force:

From the GL, the rudder force is to be determined form the following formula,
CR:132XAXV2><K1XK2><K3XK[

Where, [GL 2008 section 14 article B-1.1]

Cr=¢ Normal force acting on rudder

K,=¢ Coefficient depending on the aspect ratio

a+2 1.80+2
3 3

=1.27

K,=¢ Coefficient depending on the type of the rudder and rudder profile
1.1(For NACA-00 series Gottingen profile and ahead condition)
K,={ Coefficient depending on the location of the rudder
= 1.0 (For rudders within the propeller jet)
K, =& Coefficient depending on the thrust coefficient

1.0 (Normally)
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v={( Ship speed for ahead condition
=10 knots
A={ Movable rudder area
= 5.47 m*
So, we have
Cr=132x A x v’ XK, X K, X K3 XK,
=132x5.47x (10)°x1.27x1.1x1.0x1.0
=100868.988 N

=100.87KN

Rudder Torque:

The distance of center of pressure from the turning axis is given by,

r=cla -k, [GL 2008 section 14 article B-1.2]

Where,
a=.33 (For ahead condition)
k,=¢ Balance factor = 0.25 (for unbalanced rudders)

b={¢ Mean height of rudder = 3.14 m
Al
CZ?Z (5.47/3.14) = 1.74m

So, we have
r=cla-k,|

= 1.74(0.33- 0.25)
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=0.1392m

The torque on rudder is to be determined by using this formula,

Steering particulars summary

QR:Cr xr

=100868.988 Nx 0.1392 m

=14040.96 N-m

Tiller

Diameter 33 mm

Forged steel

Steering rod

Diameter 32.5 mm

Forged steel

Bush

Thickness 5 mm

Lignhum vitae
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Steering Arrangment
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Propeller calculation

Here, Dg=2.52

We have to calculate, BAR = :_;

According to Keller Criteria for avoiding Cavitation Ap _(13+32)T + 0.2

' Ag  (Po-Pv)ID®

w=0.25, t= 0.2, Rr= 82.80 KN
We know, =2
1-¢

Putting the values of Rand t

82.80

T= > =103.50 KN

Va=Vs(1-w) =10x .75 = 7.5 knots = 3.86 ms 2
Now, h=D/2 +.2|

=1.46
H=4.2-1.46=2.74

Po=101325 + Hpg

=101325 + 2.59x 1000 X 9.8 =126707 Pa
Py=3169 Pa
Now,Pp - Py =126707-3169 =123538 Pa
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Hence -4_5 _ (1.340.3%31x56.608x1000 102 = {]452

Ap 123538%2°
K T 102.5
We have,=L = — = =1.1
] pDEVR® 1.0x 2.5% x3.867%

For BAR = .65,

from jig- chart, n=0.51, J= 0.44, E=D.SE

P/D =
P=0.86x2.52=2.17 m.

0.86
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V, 3.86
sn=2t-_3 __ 348
o 044 X252

Vet =(0.7x3.1416 XnxD )
=(0.7 x 3.1416 x 3.48 x 2.52)

=371.9
123538
- = 0.646
90.7R =5, 1000%(5.211°+352.706)
T=0.21[Burril Cavitation Chart]
T
_ Ap
Y _.5 xp::-cVRz
Now,
T 56,608
Ap = = =1.63
et Cx SapxVr? | 0,197x0.5%352.706
. Ap
ain, A =——= = 1.93
Again, 10672295

Ap _ 193 _ ~
So, T =357 0.614 ~ .6 ( close value)
[

Now, we reconsider the problem with BAR=0.65



=
=
~ TTTI7T ﬁ.—__.—-—_— 1L —-..—- AN LA T -.:::déﬂﬁ
T 7T T
o S ~ - o, A N - -] Ly o«
~ R R T T I = i = © S
IS ____:_:__ _:__::__ :___:__:_w_____
o v : = ® ® o, ‘e ‘ o -
|~ - - - . O (=] O O
““ ~ o, ),
@| 3 £ & o© o
S L I r.______.___.___ _____;___
o - ~ r ¢ ‘ o 0_ T M H M
/ - ]
ol 1l ::_:_::_:F::_::_::_,_____
o @ 1w - o -
x J o © o
< { i
® m 5 _ I
1 1 T __o__ gl e bl atilal Ll
e 9 o EEIETERETENETE 3 3 5 $
w W! :2_ | J_ 1IN | H
-l . @ L w N A o~ ' =
; = o o = 'o o ©
<l . bl *3331353_ _ :.::w::__:u: doclntin sl
o | » ¥ J 1 @) o b ﬂ :
S 1 m ! tr cn Bl __.::_.___._.:n._._.rE._._._E:m_:____:n_g I ::__:m_:___
a O N ™ ,uu r « i b - 0_ * | i ' :
~ ;W.I ™ - | - n ’ = 1 = = (=] - o o O
& NNy | UL | |
bt b ga. A ° L~ 0 b d bk <
('3 o - o - - . O -
< ’ L m \ : i 0 i | _——__0_7_
ol = £ | 5 c - o~
il Ll | —& Laldal __o_:-____._-—»___ T
% M m 2 ; o 9 Yoo A 9 g
IKv nin .__J._ Lalsl h_—__—___q _ 1 i w; ==

62



F

For BAR .65,

from ;Lj; chart, ny =0.48, J= 0.63, g -1.1

a 5.211

_—

D 0.62x2

Ve2 =(0.7x3.1416 Xn X D )2

= 4.202

=341.56

128177
a =
0.7R = 5v1000x(2.862+371.9)

= 0.646

Tc=0.21 [Burril Cavitation Chart]

T
Ap
. =————
=k S5 X pHVp~©
Now,
T 103.5
= = =2.65m?
"“E”“”T:}:p}:!r-'r? 0.21%0.5%371.9
. Ap
Again, Ag = = 3.045

1.067—.2 zaﬂﬂx 0.86
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Ag _ 3045  _ ~ .
So, I 7 0.62 ~ .65 [The value is converged]
21HEL2.

So we take B.A.R = 0.65

Finally at 210 rpm and Bp is 44.45 , delta 219.5 open water efficiency we take .49
from Bp delta diagram

Taking diameter 2.2 Kt/)? is 1.43 and efficiency is .48
Taking dia 1.6 Kt/)?is 2.71 efficiency is .32

So we take dia 2.52 m

05 —— e e = s T
T = theust in I — IEEE: T :g i
v }_A. = Exp. ren = (1,067 - 0.228) increased risk of Ht :;%q::\d\ e
- - ar Y o
Vo gt by cavitation o T et o
= oA o )
a = face pich ratio 1 en el > i —g ot
0.3 Incidental formulse X 'bv‘ *cﬂ““
A, = Mn:::.. X226 B " \_Tb*“‘
pe= 1445+ 45 H b’ 1 dﬂ-\?ﬁ
< bacacas () (2O S N e - n-"""‘
R & 3 : o . 1 “.plﬁ
2 02 H = heoad sbove shatt Lin feet L1l Wb 0“\#
y
. D, VSl Z gl i
>l o
o y. s AWVainiae AN
~ > V. & W et
I ¢ R[]
a aatIt IS ISR RSN, o ! i“ li i I
-~ 444
. 7 [T [ H-+4+4 i
o 7 7 * H tireduced risk of -
& a2
=] - A S 111 d |[Ncavitati
‘_g E = {W\Jg Sketches showing cavitation on back of propeller blade ]
© & = % 2%% 10% 20% 30%
] Py y R
= . 4
5 & 1 85 T\ 6 -
= 2 3 %
o ]
= o 3 ) % ]
1 1 1
0.05 0.1 0.2 03 0.4 05 06 07 08 0910 15 20
p—e

Local cavitation number at 0.7R = 0g 5, =

Propeller Specification
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Propeller Particulars:

Number of Propeller 1 (Single Screw)
Number of Blades, Z 3

BAR 0.65

Diameter, D 2.52m

P/D 86

Efficiency, n 0.49

Propeller RPM 210 rpm

Propeller Drawings

Line Of Maximum Thickness

o~
e

Expanded Blade Section with Hub

Propeller shaft calculation
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Propeller Shaft Arrangement Calculation

Engine power, P =880.82 kw
From propeller calculation we get,
Shaft speed, f= 210 rpm

We know,

_ Engine speed
Shaft speed, f = Gearratio| Z|
Engine Speed=900 rpm

So,

Gear Ratio=900/210=4.28

Calculation for Shaft Diameter (Theoretical Formula)

[Strength of Materials, by Ferdinand L.Singer et. al]

60
Torque at shaft, T = P x 2nf

=(880.82x1000x60)/21t x210=40053.4 Nm

16T
Stress, T=">73
i

Here, 1 = 60N/mm?
=60x10° N/m’
T =40053.4N-m

16x55184.22
nd’

55184.22 %16
7t x 60000000

Then, 60x10°=

d= 3V (

=0.15m
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=150 mm

Calculation for Shaft Diameter [Chapter 2, Page 4-2, GL 2013]

(Using GL Rule Book-2013)

Shaft Diameter:

According to GL rule,

d=F x K x 3
Minimum shaft diameter,

Where,
d = Required outside diameter of shaft
d,= iActual diameter of shaft bore, where present.

d,={Actual shaft diameter

4
can be taken as equal tol

d.
The expression 1 - [d—'

P = {Power transmitted by shaft
0.97 x 880.82 kW
=836.8 kW
f =¢Shaft speed= 210 rpm
Here,
R, =(Tensile strength of shaft material (Forged steel)

600 N/mm

C,,=d(Material factor

560
" R,_+160
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560
600+160 720
F ={Factor for type of propulsion installation = 100
k ={Factor for shaft type

1.40(Intermediate propeller shaft)

PW
1- d
d,

100 x 1.4 % {) 1648.02 | .736=:163.4 mm
294 x 1

From two methods we take the shaft diameter =165 mm

d=F xk x 3
So we have,'

f><

Angle of Twist:

_TL
GJ

Here length of the shaft, L=8 m

4
Angular moment of inertia, J = % =7.27 x 10°m*

Modulus of rigidity, G = 83 GPa= 8.3x10" Nm™

55184.22 x 4.72
8.3x10")x(1.10x10 -4

So, angle of twist, 6 :( )rad.

=(0.053 rad.
=3.049

Minimum Liner Thickness [Chapter 2, Page 4—4]

s =0.03%165+7.5 mm
=12.45~13mm



Coupling: [Chapter 2, Page 4-4]

The thickness of coupling flanges must be equal to at least 20 % of the calculated diameter of the

shaft.

Thickness of coupling flange =0.20%165= 33mm

Shaft Bearings [Chapter 2, Page 4-6]

Lnax = KyVd(< 350 rpm)
Where,

Imax = Maximum permissible distance between bearings
d = Diameter of shaft between bearings (mm) = 165mm
k; = 280-350 (for water lubricated rubber bearing in stern tubes and shaft bracket)

S0,lmax= Ko.V(d ) = 350* V165 = 4495.8mm = 4.5m

Shaft Bearings

For water lubricated aft and forward rubber bearings inside stern tube,
Length of after stern tube bearing = 4d

Length of forward stern tube bearing= 1.5d

So we have,

Length of after stern tube bearing = 4 x 165= 660 mm

Length of forward stern tube bearing = 1.5 x 165 = 247.5~ 250mm
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Shaft details:

Details of the elements are given in the following table according to their serial number in CAD

drawing
SL.NO DESCRIPTION MATERIALS NUMBER OF COMPONENT

1 CONE NUT M.B. BS 1

2 CONE NUT SECURING M.B. BS 2
SCREW

3 PROPELLER KEY M.B. BS 1

4 PROPELLER DIA X PITCH M.B. BS 1

5 AFT BRG SECURING M.B. BS 3
SCREW

6 COVER PLATE SECURING STEEL BS 3
SCREW

7 AFT LOCKING RING STEEL BS 1

8 COVER PLATE STEEL BS 1

9 LOCK RING SECURING STEEL BS 3
SCREW

10 FWD LOCKING RING STEEL BS 1

11 RUBBER BEARING

12 STERNTUBE STEEL BS 1

13 TAILSHAFT 1

14 GLAND HOUSING G.M. BS 1

15 FWD BEARING G.M. BS 1

16 GREASY PACKING GRAPHITED 3 turns

ASBESTOS

17 GLAND RING G.M. BS 1

18 GLAND STUDS AND NUTS M.B. BS 2

19 COUPLING KEY STEEL BS 1

20 HALF COUPLING STEEL BS 1

21 BACKING WASHER STEEL BS 1

22 LOCKING NUT STEEL En7 BS 1
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23

SEALING RING BS

24

FWD BRG SECURING M.B. BS 1

SCREW

25

BEARING LOCK RING

STEEL BS 1

Summary :

[tem

Dimensions

Shaft speed

210rpm

Torque

40.05 KN

Stress

60x 10%° N/mm?

Shaft Diameter

165mm

Twisting angle

3.04°

Shaft liners

13mm

Coupling

33mm

Shaft bearing

4.5m

Stern Tube Bearing

250mm(frwd),660mm(aft)
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Approximate Calculation of Ship's Resistance

Holtrop & Memnen's method

Parameters

Waterline Length, Ly
Length Between Perpendicular. Lgp
Breadth moulded, B

Draft moulded, T

Block Coefficient, Cy,
Ship Speed., V

Prismatic Coefficient. C,

Midship Coefficient, Cp,

Density of water. p

Displacement. A

Water plane Co-efficient. Cyy
Longitudinal Center of Buoyancy, L.C.B.
L.CBasa% of Lyp

Transverse sectional area of BULB. A gt
Immersed Transom area., At

Dynamic Viscosity . 1t

Propeller Dia, D

Value
74.53
73.8
13.7
4.20
0.78
10
0.848
0.92
1
3334.000
0.893
0.292
0.3917885
0]

0
1.22E-03
2.520

Unit

m
m
m
m

knots

ttmsfm3

tons

m (aft,mid)

% of L“||_

2
m

2
m
mzis

m
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Parameter

1. Frictional resistance
Frictional resist. coef.

Reynold's No.

Form factor of the hull

Length of the run

Wetted area of the hull

2. Appendage Resistance
Appendage resist. factor
3. Wave Resistance

Symbol

Re
Cr

Re

1+k;

L

Cl2

R.\lPP
1+k;
R

Propeller Dia, D
Pitch ratio, P'D

0.5pV’ SC
0.075 / (Log1oR.- 2)°

pVL /1

€1310.93 + €1z (B/Ly) "7 (0.95-Cp) #2442

(1-CP+0,0225Ich)****}
L{1-Cp+0.06 Cplch (4C,-1)}

(T/LF=2454 i T/L = 0.05;

48.20 (T/1-0.02)*"° + 0.479948, if
0.02<T/L<0.05;

0.479948, if T/L<0.02

1+0.003 Cstern

L (2T+B) VCy(0.453 + 0.4425C; -0.2862
Cyy - 0.003467 B/T +0.3696 Cyy) + 2.38
AB‘H’CB

0.5p V2 Sye (1+ky ) Cr

CiCCs Vpg e:a(p{mlF.,d +m; cos[?d:.,'z}

2.520
1.35

Values

31.69147
0.001776

3.15E+08

1.383821

14.89354

0.526804

1348.548

0.950744

1.5
10.6987

Unit MNote

KN
T/L=
Cstern=
Agr
KN Supe
KN F,

Values

0.05635

26.971

0.15024
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3. Wave Resistance

Half angle of entrance

R

=1

Cr

Cis

mz

Cis

C3

€162 V p g exp{m,F,° + m; cos(AF, 7}
2223105 C?J.J‘SGIJ tTfB]lﬂ?gGltgo-i[]-leEG

0.229577(B /1)°*, if B/L<0.11;

B/L, if 0.11<B/L<0.25;
0.5-0.0625 L/B, if B/L»0.25
exp(-1.89vcy,

1-0.8 A¢/(BTCy)
1.446C-0.03 L/B, if L/B < 12;
1.446C,-0.36, if L/B=12

0.0140407 L/T - 1.75254 V7 /L -
4.79323B/L-Cyg

8.07981C,-13.8673C, +6.984388C, ", if
Cp<0.8; 1.73014-0.7067C, if CP = 0.8
£:C,” expl-0.1Fn")

-1.69385 for L*/V<512; 0 for L*/V>1727; -

1.69385+(L° /V-8.0)/2.36if
512<L’/V<1727

0.56 A"/ {B T (0.31VA;+Tehg) }

10.6587

3.950326

0.183819

1
1

1.062752

-2,121059

1.138794

0.076822

-1.69385

-0.9
34

KN

T/B

B/L

L/B

hg

0.15024
0.30657

0.18382

5.44015

17.7452

0.848

124.173
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4. Additional pressure
resistance due
to bulbous bow

5. Additional pressure
resistance of
immersed transom
stern

8. Model-ship
correlation resistance

7. Wind Resitance

Total resistance

Ry

Py

R

Fur

Ra

Ca

Ri=

0.11 exp(-3Pg 7} F,” Agr 1.5 pg/{14F,7)

0.56 VAgr / (Te- 1.5hg)
Sp e Arcg

0.2 (1-0.2F,q}, if F.<5; 0, if F,g25
V /¥ 2g A/ (B+BCus) }

0.5pV'SC,

0.006 (L+100)*""- 0.00205 + 0.003
V(L/7.5) Co'ca (0.04c,)

Te/L, when T:/L £ 0.04;

0.04,when T;/L=0.04

Re(l +k ) + Ropr + Ry + Ru+ R + Ry

0
0

10.55115

0.000577

0.04

16.395
82.45495

KN

KN

KN

KN
KN

Ar

Te/L

0.05635
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6. Model-ship

Ra D.SpVZSC,, 10.55115 KN
correlation resistance

0.006 (L+100) ***- 0.00205 + 0.003

C, 2 0.000577
*(L7.5) G, (0.04)
Te/L, when T¢/L<0.04;
:,_ 0.04 THL  0.05635
0.04,when T¢/L=0.04
7. Wind Resitance 16.399 KN
Total resistance  Rr= Re(l +ki) +Rwp + Ry + Ro+Rm+Ry 8245485 KN
Effective Power  Pc RrV 424.1483 KW
568.5634 HP
Wake fraction w 0.395 Ca + 10 CCs - 0.23 DA(BT) 0.255364 Cy 0.00303
Thrust deduction factor t 0.325 Cy - 0.1885 D/V(BT) 0.190878
Relative rotative effic. e 0.9737+0.111(C,-0.0225 Ich)- 0.06325P/C 0.981443
shaft efficiency  n. 0.57 1w 0.74464
Open water efficiency  n, 0.49 1-t 0.80912
Shaft Power P 836.7872 Kw
1121.699 HP hulleff  1.0866
Gear efficiency 0.95
Break Power P 880.8286 KW
1180.735 HP
Delivered Power  Pd 854.4038 KW
1145.313 HP
arc 0.506877

Adding 15 % to the brake power we get power equal to 1012 KW .
so , we chose engine of 1030 KW.

Selection Of Engine



Engine Model:
YANMAR 6EY22AW (1030)

6EY22AW
| Power | 885~1370kW

Main Data

m Type : 4-stroke, Diesel = No. of Cylinders: In-line6 = Cylinder Bore : 220 mm
m Piston Stroke : 320 mm = Mean Effective Pressure : 1.62 - 2.50 MPa
m Piston Speed : 9.60 m/s

Rated Power

Continuous Rated Power 885 1030 1180 1330 1370
KW (PS) (1203) (1400) (1604) (1808) (1863)

Rated Engine Speed min-1 900

Engine Dry Weight kg 10000

Standard Marine Gear

Propeller Type forF.P.P.
Marine Gear Model YX-1000 YXH-2000

YX-1000C YXH-2000C
Reduction Gear Ratio  Offset 2.03, 2.36, 2.78, 3.32 2.23, 2.58, 2.79, 3.03
(eI, CoAvial  2.03,2.36,2.78, 3.32 2.3, 2.58, 2.79, 3.03
Marine Gear kg Offset 2400 4750
Riyiiainht Co-Avial 2565 5050

Dimensions [mm] / Weights [kgl

Engine Marine Tatall)w\!lblghl

E
=
[=]
[32]
<
wn
«©
ST
=
(=}
m
o
=
>
c
o
©
0
2
T
£
o
2y
=
o
e
-3
o
£
=
1]
=

BEY22AW YX-1000 4574 3647 2965 1488 1618 2416 885 435 1922 12505
(BRskny YX-1000C 4687 3647 2965 1601 1618 2416 666 450 - 1922 12670
BEY22AW YX-1000 4603 3647 2965 1517 1618 2416 666 885 435 1922 12556
(10301 YX-1000C 4636 3647 2965 1550 1618 2416 666 450 - 1922 12721
ﬁ%ﬁfw YXH-2000 4810 3647 2965 1807 1618 2416 666 1145 590 1922 14861
1330k
51370km YXH-2000C 4960 3647 2965 1957 1618 2416 666 555 - 1922 15161
A i
A : B

oG

A : Az G : Minimum Height for Removing Piston

The engine dry weight and outline may differ depending upon the specifications and attached accessories.

Engine foundation calculation



Bottom Structure in Machinery Spaces in Way of the Main

Propulsion Plant

General

Openings in way of the engine foundation are to be kept as small as possible with due
regard,

however, to accessibility. Where necessary, the edges of openings are to be
strengthened by means of

face bars or the plate panels are to be stiffened.

Local strengthenings are to be provided beside the following minimum requirements,
according to the construction, the local conditions and the main engine maker
requirements.

Single bottom

The scantlings of floors are to be determined for the greatest unsupported

span measured in the engine room.

The web depth of the plate floors in way of the engine foundation is to be as large as
possible.

The depth of plate floors connected to web frames is to be similar to the depth of the
longitudinal foundation girders. In way of the crank case, the depth is not to be less
than 0.5 - h.

The web thickness t is not to be less than determined by the following formula

t=(h/100)+4

=11 mm

h : depth of the floor plate
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h=55 x B - 45
=708.5. ~ 710 mm

Longitudinal girders

The thickness t of the longitudinal girders above the inner bottom is not to be less
than determined by the following formula:

t=Vv(p/15) +6 (mm)
=v(1030/15) +6
=14.2 ~ 15 in mm

P : single engine output [kW)

TOP PLATE:

The sizes of the top plate (width and thickness) are to be sufficient to attain efficient
attachment and seating of the engine and - depending on seating height and type of
engine - adequate transverse rigidity.

The thickness of the top plate is approximately to be equal to the diameter of the
fitted-in bolts. The cross

sectional area A of the top plate is not to be less than determined by the following
formula:

A =(p/75) +70
=(1030/75)+70 for p>750 kw

=83.7 cm?

A= cross sectional area
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The thickness of the top plate should approximately be equal to the diameter of fitted
in bolt . So thickness is taken as 32 mm

So, the width of top plate will be ,

B= (A X 100)/ t
= 261.6

So it is taken as 260 mm

Web frames in machinery spaces

Arrangement

In the engine room, web frames are to be fitted. Generally, they should extend up to
the uppermost continuous deck. They are to be spaced not more than 5 times the
frame spacing in the engine

room.

For combustion engines, web frames are generally to be fitted at the forward and aft
ends of

the engine. The web frames are to be evenly distributed along the length of the
engine.

Where combustion engines are fitted aft, stringers spaced 2.6 m apart are to be fitted
in the

engine room, in alignment with the stringers in the after peak, if any. Otherwise the
main frames are to be

adequately strengthened. The scantlings of the stringers are to be similar to those of
the web frames. At
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least one stringer is required where the depth up to the lowest deck is less than 4 m.

Scantlings

The section modulus W and moment of inertia | of web frames are not to be less than

determined by the following formulae:

W= 0.8.¢e.12.Ps .k (cm3)

Crw = Service Range Co-efficient = 1
4 .A.3]

C0O = Wave Co-efficient
= X Crw

= 7.04

CL = Length Co-efficient = = 0.9

Po = Basic external dynamic load
4.A.2 ]

= 2.1 (CB+0.7) x CO x CL xf KN/m2
=2.1(0.784+0.7) x 7.04 x 0.9%x 1 KN/m?2
= 19.7 KN/m?2

P = PB = Load at bottom

= 10T + PO.CF KN/m2
4, B, 5]

=10x3 + 18.26%x1 KN/m2
= 56.7 KN/m2

[Ref: GL 2013, Sec-

[Ref: GL 2013, Sec-4 .A.3]

[Ref: GL 2013, Sec-4 .A.3]

[Ref : GL 2013 Sec-

[Ref: GL 2013, Sec-
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Ps=47.76 KN/m?

W= 0.8.¢e .2 .Ps .k (cm3)
=528.1 cm3

Dimension: T-330X 120 X10 (Ref. Zulfikar.M.M. (2008).The Inland

Shipping Laws & Rules, P-166)

Foundation Bolt

Spacing of bolts should be at least 3xd .

D=dia of foundation bolt. Found from engine drawing

50 mm

So spacing 150 mm

SUMMARY OF ENGINE FOUNDATION:

Plate floor

Thickness 11 mm

Foundation girder

Thickness 15 mm

Foundation bolt dia

50 mm

Top plate Width 260 mm, thickness 52 mm
Web frame T- 330 X 120X 10 mm
Bolt spacing 150 mm
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Engine Foundation Drawings

Deck Side Girder:
T-200x150x6 eck Center Girder
T- 200x150x6
Side Stringer Side Stringer

T-270x130x8 ] 1 ' ' ' ' T-270x130x8

Y il
i
N o w
BNy Top Plate
. Width 260 mm
WL Thickness 52 mm
Foundation Girder 15 mm

Main Engine Foundation (Sectional View) at frame 18
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Deck Side Girder

T-200x150x6 \

eck Center Girder
T- 200x150x6
Side Stringer

1 | 1

1 1 L T-270x130x8

Top Plate

Width 260 mm
Thickness 52 mm
Foundation Girder 15 mm

\l\J\L

11—

Gear Box (Sectiona_l View) at frame 16

Top view
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FR. SPACING - 600 mm.
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T /Funnel 0] ] //

Eridge Deck

Poop Dack

Airvent
=
\“_\h

Main Deck

~—

[

W BHD w W W BHD w
T T T T T T T I T T Y I A

0 5 10 15 20 25
FR. SPACING - 600 mm.

Manning of ship
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1%t Class Master

2" Class Master 2
Sailor 8
1%t Class Driver 1
Greaser 3
Total 15

Reference: Zulfiqgur M.M . The Inland shipping laws and rules

Equipment Number calculation
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Equipment number calculation

B Equipment numeral
B.1 The equipment numeral Z; for anchors and chain cables is to be determined by the following
formula:
Z, =D 120 Bet
10
h . effactive height [m] fram the summer load waterline to the top of the upparmaost house, de-
fined as:
h=a+Xh;
a : distance [m] from the summer load waterline, amidships, to the upper deck at side
¥h : sum of height [m] of superstructures and deckhouses on the upper deck, measured on the

centreline of each tier having a breadth greater than B / 4. Deck sheer, if any, is to be ig-
nored. For the lowest tier, h is to be measured at centreline from the upper deck or from a
notional deck line where there is local discontinuity in the upper deck.

Wherea=5.25-4.2=1.05

and 3h;=11.38

SoThat,h=a+>h;

=1.05+11.38
=124

Again Area A = area [m2], in profile view of the hull, superstructures and
deckhouses, having a breadth
greater than B / 4, above the summer load waterline within the length L and up to
the height
h.
SoThat, A=46+17+7+10
=80 m?
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Z=(3150)"®+2x12.4x13.7 + %
= 562.64|

Table 18.2 Anchor, Chain Cables and Ropes

Stockless . .

_ Stud link chain cables Recommended ropes

® anchor

@ .
S'“ E 5 g E % Stream wire or
(3 2 E o Bower anchors chain for Towline | Mooring ropes
5 = ms |H6 stream anchor
=l g °

[y —_
"zj _E. » |Mass per|Total Diamater Length Br. Length Br. E | ength LEr;:I
L]
"gj' 'E anchor “.'ngth dl d_: dj. Load : Load - E Olﬂ
-
3
=
Z | [kgl [m] [mm] [m] | [kN] | [m] | [kN] [m] | [kN]

1 2 3 4 5 G T 8 a 10 1 12 13 (14| 15 16
1ol up o 50 F 12 40 165 125 125 125 20 63 180 100 3 80 35
102 50-T0 2| 10| & 0 | 14| 125 | 125 s0 &5 150 100 3 0 35
103 70— 80 1 | 20 | 80 » | 6| 1| &5 74 150 100 3 100 a0
104 $0- 110 | 300 | w0 | M75 | 175 15 | 18 85 50 150 100 3 110 40
105 110130 2 | 260 | 120 | w75 | 19 | 175 | 17s | s0 %0 150 100 3 110 a5
106 130150 2 | 40 | 40 | 295 [205] 175 | 175 @0 100 150 100 3 120 50
107 150175 2 | g0 | 65| W | 2| B | W a0 110 180 100 1 120 33
108 175205 2 | s | 190 | 25 | 4| 205|205 w0 120 150 110 3 120 &0
108 05 - 240 3| &80 ms | % | » |08 180 130 4 120 &5
110 240 — 280 3 | 70 W | B | M| » 150 150 4 120 il
1 250 - 320 3 | 00 575 | 30 | 26 | 24 150 175 4 140 80
1uz 320 360 3| 1020 s | | B | M 150 00 4 140 85
113 360 — 400 3| 1140 8 | M| 0 | % 150 ns 4 140 %5
114 400 = 450 3 1290 385 36 n 28 150 50 4 140 100
115 450 - 500 3| 1440 4125 | 38| M | 30 180 75 4 140 110
116 500 - 550 3| 1580 125 | 40 | 34 | 30 190 305 4 160 120
117 550 — 600 3| 1m0 M0 |22 | 38 | 32 190 340 4 160 130
118 600 - 650 3| 190 a0 | a4 | 3w | M 190 370 4 160 145
e 60— T20 30| 2100 M0 | a5 | 40 | 36 190 05 4 160 160
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Detailed Lightweight calculation

Lengt Momen
Area h Weight | LCG Moment | VCG t

Floor
Floor 1 | 1305 | 304 | 0-622082 39| 2425974 44| 273699
Floor2 | 1305 | 325 | O-671153 375 2536960 4| 268461
Floor 3 | 1305 | 355 | 0.720262 372 2679376 375 | 270098
Floor 4 | 1305 | 376 | 0769371 366 2515898 32| 246198
Floor5 | 130F° 4| 0.81848 36| 29.46528 2.75 | 2.25082
Floor 6 | 1308 | 424 | 0867588 35.4| 3071264 26| 225573
Floor 7 | 1305 | 4.7 | 0973991 345 3589489 24| 233757
Floor 8 | 1305 | 4045 | 101184 342 3460512 23| 232728
Floor 9 | 1305 | 513 1049700 336 352699 22| 230934
Floor | 130E- |5 3, | 1087555 33| 35:88932 1 g | 206635
Floor | 1.30E- 5| 112541 324 3646328 16| 180065
Floor | 1308 |5 g | 1163264 316 3699181 15| 174489
Floor [ 1308 | 57 [ 1201119 312 3747492 14| 168156
Floor | 130E- |5 g | 1224650 306 3747431 125 153081
Floor | 130F 6.1 | 1.248182 30| 37.44546 11| 37309
Floor | 1308 | ¢ 15 [ 1271713 204 3739837 005 | 120812
Floor | 1308 | ¢ 3311295244 285 3730304 0.85 | 110095
Floor [ 1308~ | ¢ 45 | 1318775 252 371898 075 | 098908
Floor | 1.30E- | 6.56 | 1.342307 27.6| 37.04767 0.7 | 0.93961
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19 02 2 872 504
Foor | 1305 | 675 | 1.381185 27| 372919 0.68| 993922
Floor | 1395 | 6.75 | 1.381185 26.4 | 040328 0.67 | %9337
Floor | 1395 | 6.75 | 1.381185 25.8| 320347 0.66 | 091158
Floor | 1.30E | 6.75 | 1.381185 252 | 3480589 0.62 | 082033
Floor | 1305 | 6.75 | 1.381185 246 239771 0.6| 282877
Floor | TO0E | ¢5 11 051432 24| 2523436 05| 052571
Poor | 1995 | 685 | 1.07819 23.4 | 222904 0.48 | 021723
Floor | 1.90E- | 6.85| 1.07819 228 | 2428273 0.44 | 047430
Foor | 1995 | 685 | 1.07819 222 #3938, 0.44 | 047429
Foor | 1995 | 685 | 1.07819 21.6| 232889 0.44 | 047429
foor | 199 | 6.85| 1.07819 21| 22.64199 0.44 | 047470
Floor | 1.9OE- | 6.85| 1.07819 20.4 | 21:99307 0.44 | 047430
Floor | 1.9OE | 6.85| 1.07819 19.8| 2134810 0.44 | 047429
floor | 199 | 6.85| 1.07819 19.2 | 20-7012% 0.44 | 047429
fioor | 1995 | 6.85| 1.07819 18.6 | 2002432 0.44 | 047470
Foor | 190E | 6.85| 1.07819 18| 19.40742 0.44 | 047429
Foor | 19OE | 685 | 1.07819 17.4 | 1876059 0.44 | 047429
Floor | 199 | 6.85| 1.07819 16.8| 101135 0.44 | 047429
foor | 199 | 685 | 1.07819 16.2 | 1740607 0.44 | 047470
Foor | 190E | 6.85| 1.07819 15.6 | 1081976 0.44 | 047430
Foor | 19O | 685 | 1.07819 15| 16.17285 0.44 | 047429
Z'loor 1'3(2)5 6.85| 1.07819 14.4 15'52592 0.44 0'4743‘2
poor | 199 | 685 | 1.07819 13.8 | 1487902 0.44 | 047470
Floor | LOOE- | 6.85| 1.07819 13.2| 1423219 0.44 | 047430
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poor | 199 | 685 | 1.07819 126 13291 0.44 | 047420
Foor | LOOE- | 6.85| 1.07819 12| 12.93828 0.44 | 047429
Foor | 19O | 685 | 1.07819 11.4 | 1229130 0.44 | 047429
ploor | 199 | 685 | 1.07819 108 | +h044 0.44 | 047429
poor | 199 | 685 | 1.07819 10.2 | 1099757 0.44 | 047420
foor | LOOE | 6.85| 1.07819 9.6| 10-32062 0.44 | 047430
poor | 19OE | 685 | 1.07819 9| 9.70371 0.44 | 047429
poor | OO | 685 | 1.07819 8.4| 9.056796 0.44 | 047470
poor | 199 | 685 | 1.07819 7.8| 8.409882 0.44 | 047470
poor | 1OOE | 685 | 1.07819 7.2| 7.762968 0.44 | 047429
ploor | 1LOOE | 6.85| 1.07819 6.6 7.116054 0.44 | 047429
oo | 99| 685 | 1.07819 6| 6.46914 0.44 | 047470
oo | 199 | 685 | 1.07819 5.4| 5.822226 0.44 | 047420
ploor | LOOE- | 685 | 1.07819 48| 5.175312 0.44 | 047430
poor | 19OE | 685 | 1.07819 42| 4528398 0.44 | 047429
oo | 199 | 685 | 1.07819 3.6| 3.881484 0.44 | 047470
poor | 99| 685 | 1.07819 3| 3.23457 0.44 | 047470
Foor | LOOE- | 685 | 1.07819 2.4| 2.587656 0.44 | 047430
ploor | 1OOE | 6.85| 1.07819 1.8| 1.940742 0.44 | 047429
poor | OO | 685 | 1.07819 12| 1.293828 0.44| 047429
oot | 99| 685 | 1.07819 0.6| 0.646914 0.44 | 047470
Foor | LOOE | 685 | 1.07819 0 0 0.44 | 047430
poor | LOOE | 685 | 1.07819 0.6 | -0.646914 0.44 | 047429
ploor | OO | 685 | 1.07819 1.2 | -1.293828 0.44 | 047429
Floor | 1.0OE- | 6.85| 1.07819 1.8 | -1.940742 0.44 | 0.47440
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68 02 36

Floor 1.00E- 0.47440
s o 6.85| 1.07819 2.4 | -2.587656 0.44 he
Floor | 1.00E- 0.47440
e o 6.85| 1.07819 3| -3.23457 0.44 20
Floor 1.00E- 0.47440
i o 6.85| 1.07819 3.6 -3.881484 0.44 iy
Floor 1.00E- 0.47440
. o 6.85| 1.07819 4.2 | -4.528398 0.44 o
Floor 1.00E- 0.47440
e o 6.85| 1.07819 4.8 -5.175312 0.44 he
Floor | 1.00E- 0.47440
n o 6.85| 1.07819 5.4 | -5.822226 0.44 20
Floor 1.00E- 0.47440
i o 6.85| 1.07819 6| -6.46914 0.44 iy
Floor 1.00E- 0.47440
i o 6.85| 1.07819 6.6 -7.116054 0.44 o
Floor 1.00E- 0.47440
i o 6.85| 1.07819 72| -7.762968 0.44 he
Floor | 1.00E- 0.47440
T o 6.85| 1.07819 7.8 | -8.409882 0.44 20
Floor 1.00E- 0.47440
T o 6.85| 1.07819 8.4 -9.056796 0.44 iy
Floor 1.00E- 0.47440
o o 6.85| 1.07819 9| -9.70371 0.44 o
Floor | 1.00E- | ga5| 107819 9.6| 10.35062 0.44 | 0-47440
81 02 . 36
Floor | 1.00E- | gg5| 107819 10.2 | 10.99753 0.44 | 0-47440
82 02 > 36
Floor | 1.00E- | ga5| 107819 10.8| 11.64445 0.44 | 0-47440
83 02 > 36
Floor | 1.00E- | ga5| 107819 11.4| 12.29136 0.44 | 0-47440
84 02 0 36
Floor 1.00E- 0.51753
s o 6.85| 1.07819 12| -12.93828 0.48 >
Floor | 1.00E- 6| 0.9444 12,6 | -11.89944 05| 0.4722
86 02

Floor | 1.00E- | 5 49| 0.927086 13.2 | 12.23753 0.5 | 046354
87 02 > 3
Floor | 1.00E- | 5554909772 13.8| 12.55485 0.5 | 0:4>488
88 02 o 6
Floor | 1.00OE- | 5.66] 0.890884 14.4 - 0.5 0.44544
89 02 12.82872 2
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96
poor | OO | 5.55| 0.87357 -15| -13.10355 0.5 043678
poor | 139 | 6.75| 1.06245 -15.6 | -16.57422 05| 02312
eoor | L% 1 6.75| 1.06245 116.2 | -17.21169 05| 923122
poor | LOOE- | 6.75| 1.06245 -16.8 | -17.84916 05| 02312
pwor | 199 | 535 0.84209 17.4 14.65232_ 0.5 042102
poor | 19O | 6.75| 1.06245 18| -19.1241 05| 02312
poor | OO | 6.75| 1.06245 -18.6 | -19.76157 05| 023122
poor | 139 | 6.75| 1.06245 119.2 | -20.39904 05| 02312
poor | LOOE- | 6.75| 1.06245 119.8 | -21.03651 05| 02312
poor | OO | 6.75| 1.06245 -20.4 | -21.67398 05| 02312
Foor | 1998 | 675 | 1.06245 21| -22.31145 05| 023122
Floor | 10| 3.83 0.602842 21.6 13.02135_ 05| 0-30142
Foor | 1995 | 6.75| 1.06245 222 | -23.58639 05| 02312
poor | L% | 6.75| 1.06245 22.8 | -24.22386 05| 023122
Floor | 10| 6.75| 1.06245 23.4| -24.86133 05| 02312
Foor | 1995 | 675 | 1.06245 24| -25.4988 05| 02312
Foor | 1995 | 675 | 1.06245 24.6 | -26.13627 05| 02312
poor | 1991 6.75| 1.06245 25.2 | -26.77374 05| 023122
Foor | 1908 | 6.75| 1.06245 25.8 | -27.41121 05| 02312
Foer | 1995 | 675 | 1.06245 -26.4 | -28.04868 05| 02312
Floor | 1998 | 1.46 | 0.229804 27| -6.204708 05| 011439
Floor | 130E | .01 | 1229760 276 33.941%; 0.5 001488
Floor | 1.30E- | 6.301 | 1.289310 28.2 i 0.5 | 0.64465
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112 02 62 36.35855 531
95
Floor 1.30E- 1.260049 N 0.63002
113 02 6.158 96 -28.8 36.28932 0.5 498
Floor 1.30E- 1.225673 N 0.61283
114 02 5.99 3 -29.4 | 36.03480 0.5 69
97

Floor 1.30E- 1.190888 ) 0.59544
115 02 5.82 4 -30 35.7266F2> 0.5 47
Floor 1.30E- 1.150987 - 0.57549
116 02 5.625 5 -30.6 35.220% 0.5 375
Floor 1.30E- 0.341715 y 0.17085
117 02 1.67 2 -31.2 10.661!(5)?) 0.5 77

Floor 1.30E-
118 02 5 1.0231 -31.8 | -32.53458 0.5| 0.51155
Floor | 1.30E- 45| 0.92079 -32.4| 29.83359 0.6 | 022247
119 02 6 4
Floor 1.30E- 0.710645 N 0.71064
120 02 3.473 26 -33 23'451%2 1 526
Floor 1.30E- 0.623886 ) 1.06060
121 02 3.049 38 -33.6 20.96222 1.7 635
Floor 1.30E- 0.591351 N 1.30097
122 02 2.89 8 -34.2 20.22452 2.2 306
Floor 1.30E- 0.360745 N 1.33475
123 02 1.763 06 -34.8 12.55335 3.7 672
Floor 1.30E- 0.783694 N 3.29151
124 02 3.83 6 -35.4 27.742;2 4.2 732

Floor 1.30E-
125 02 0.8 | 0.163696 -36 | -5.893056 5| 0.81848
129.5798 334.9325 | 0.737800 | 95.6040
18 272 35 352

2.584758
LCG a4 aft
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Web
Frame
0.362649 13.27297 1.83863
WF1 |0.0032| 7.2 . 36.6 t2e 5.07 oo
0.501665 15.95295 1.00333
WF2 |0.0032| 9.96 o 31.8 o 2 oae
0.549011 16.14002 0.98822
WF3 |0.0032| 10.9 3 29.4 oo 1.8 822
0.551529 14.89129 0.88244
WF4 |0.0032| 10.95 . 27 o 1.6 oad
WE5 |0.0032| 11.5]|0.579232 22.2 12-85882 15 0-86882
WF6 |0.0032| 11.5|0.579232 19.8 | 1140872 14| 081092
WF7 |0.0032| 11.5|0.579232 17.4 | 1007853 1.4| 0-81092
WF8 |0.0032| 11.50.579232 15| 8.68848 1.4| 981022
WF9 |0.0032| 11.5|0.579232 12.6| /298323 1.4| 081092
WF10 |0.0032| 11.5|0.579232 10.2 | 2908168 14| 081092
WF11 |0.0032| 11.5|0.579232 5.4| 127852 1.4| 0-81092
WF12 |0.0032| 11.5|0.579232 3.6 2089237 1.4| 0-81092
WF13 |0.0032| 11.5|0.579232 12| 0695078 1.4| 081092
WF 14 |0.0032| 11.5|0.579232 1.2 | 0.695078 1.4| 981022
4
WF16 |0.0032| 11.5|0.579232 6.6 | 3.822931 1.4| 981022
2
WF17 |0.0032| 11.5|0.579232 9| -5.213088 1.4| 81022
WF18 |0.0032| 11.5|0.579232 12 | -6.950784 1.4| 081022
WF19 [0.0032| 11.5]0.579232 -13.8| 7.993401 1.4| 981022
6
WF20 |0.0032| 11.08|9°°80771  165| 9040854 1.4 | 0-78130
44 53 842
WF21 |0.0032| 10.5|0.528864 -18.6| 9.836870 1.45 | 076055
4
WF22 | 0.0032| 9.4 0.473459 21 i 195 | 0.82855
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5 9.942643 "
2
WF 23 | 0.0032 7.6 | 0-382796 23.4| 8.957445 2 | 0-76559
8 * 36
WF24 |0.0032| 6.25| 0.3148 58| -8.12184 22| 0.69256
WF25 |0.0032| 4.29|092160781  >535| 6.223067 2.5 | 0-54019
72 o 68
WF 26 |0.0032 | 4.344|92187381  306| 6695236 2.7 | 029075
59 - 62
WF 27 |0.0032| 3.044| 9133320 33| 5.059566 2.8 | 0-42929
19 o 654
13.4995 31.82963 22.329
306 a51 5447
2.35783 1.65409
LCG 268 | VCG 786

Main

Frame
Frame 1.60E- 6.56E-
1 03 3.6 | 9.07E-02 39| 3546400 7.231 01
Frame 1.60E- 6.79E-
2 03 3.9 9.82E-02 3841 377400 6.915 01
Frame 1.60E- 6.93E-
3 03 4.3| 1.08E-01 3781 4 09E+00 6.4 01
Frame 1.60E- 8.19E-
4 03 52| 131801 37.21 4 87E+00 6.251 01
Frame 1.60E- 8.90E-
5 03 61 151E-01 36| 5.44E+00 5.892 01
Frame 1.60E- 1.13E+0
6 03| /82| 1.97k-01 3541 6.97E+00 5.743 0
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rame | HO8S 48] L aseo 342| 3gge400| 5525 ;i
A e R 33.6| 5 00e400| 5405| On
A e S T 33| so0ec00|  5405| °Td
o | % 770 1eeeon 324| g36e400| 4767 Cn
e O] 8005 | 5 pop0r 312 gooer00| 4619 Coa
5| MO%s | 8052 5 030 306| go1ps00|  4514| o
5T | MO%s | 8279 5 oge0n 30| gasero0| 4541 O
e | | 8116, ap0r 288| 5 gors00|  4507| "Ca
e | MO%s | 8283 5 h0e0n 282| sggeso0| 44| Y
e | MO%s | 8352 51060 27.6| sg1s00| 4414| Cn
e | 8482 5 15p01 264| 5e3e400| 4414 Y0
s | 5| 8503 L 14p01 258 sspr00| 4414 g
5 | MO%s ] 9134 5 30e0 252| 5 gopso0| 4414| OFTQ
o | %5 | 9197 | 55k 24| s sgeqgp| 4414 | OFETY
e | S 115 S soe0n 234| ¢ 7ges00|  4414| POTY
S S I P 228| ¢ oops00| 4116|710
e %] 115 S e0e0n 216| ¢oges00| 3831] 1Y
e | %5 115 5 g0e0n 21| goseson|  3327| %0n
e %5 115 5 g0e0n 20.41 5 91E400 13| 3
e | %5 115 5 g0e0n 192 5 56E400 13| 37
e | %S 115 S e0e0n 186 5 39E+00 13| 37
e | %5 115 5 g0e0n 181 521E+00 13| 37
o | %5 115 5 g0e0n 16.81 4 87400 13| 3
S % 115 5 e0e0n 16.21 4 69E+00 13| 3
Frame | 1.60E-| 11.5| 2.90E-01 15.6 | 4.52E400 13| 3.77E-
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31 03 01
Lome | M 115 S soe0 14.41 4 17E400 13| 3
eme MO8 115 S e0e0n 138 | 4 00E+00 13| 3
| % 115 S0 132 3 82E+00 13| 37
e ] %5 115 5 g0e0n 121 3 48E+00 13| 37
e ] %5 115 5 g0e0n 1141 3 30E400 13| 3
e %5 115 5 g0e0n 108 313E+00 13| 3
S | % 115 S0 96| 5 78E400 13| 37
5 ] %5 115 5 e0e0n 93| 2 69E+00 13| 37
o | s 115 5 g0e0n 811 5356400 13| 37
e | %% 115 S0k 73| 2.17E400 13| 3
e | s 115 g0e0n 631 2.00E+00 13| 70
A e A R ] P >7| 1656400 13| 37
e | %% 115 S e0e0n 451 1 30E+00 13| 37
e | %] 115 S e0e0 391 1.13e+00 13| 3
e | %5 115 5 g0e0n 27| 7.82E-01 13| 37
A e R T 21| 6 .08E-01 13| 37
e | %% 115 S 0e0n 151 434801 13| 3
o | %5 115 S e0e0 121 348F-01 13| 3
o | % 115 S0 061 1 74E-01 13| 37
e | %5 115 5 e0e0n Ol 0.00E+00 13| 37
5| % 115 S s0e0 061 4 74k.01 13| 3
557 %5 115 S e0e0n 18] 571F-01 13| 3
o | % 115 S0 24| 6.95E-01 13| 70
e | %5 115 5 e0e0n 3| _8.69E-01 13| 37
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Frame 1.60E- 3.77E-
56 03| 11| 2.90E-01 4.2 1 22E400 1.3 01
Frame 1.60E- 3.77E-
57 03| 12| 2.90E-01 4.8 1 39E400 1.3 01
Frame 1.60E- 3.77E-
58 03| 11| 2.90E-01 4| 1 56E400 1.3 01
Frame 1.60E- 3.77E-
59 03| 12| 2.90F-01 66| 1 91E+00 1.3 01
gBame 1.60E- 11.5 -7.4| 2.143158 1.3| 3.77E-

03 2.90E-01 4 01
Frame 1.60E- 3.77E-
61 03| 112| 2.90E-01 81 316928 1.3 01
grzame 1.60E-| 115 9.2 | 2.664467 1.3| 3.77E-

03 2.90E-01 2 01
ggame 1.60E-| 11.5 9.8 | 2.838236 1.3| 3.77E-

03 2.90E-01 8 01
Frame 1.60E- 3.77E-
64 03| 11| 2.90E-01 111 3185776 1.3 01
ggame 1.60E-| 115 11.6 | 3.359545 1.3| 3.77E-

03 2.90E-01 6 01
g%ame 1.60E-| 115 12.2 | 3.533315 1.3| 3.77E-

03 2.90E-01 2 01
g;ame 1.60E-| 11.5 -13.4| 3.880854 1.3| 3.77E-

03 2.90E-01 4 01
Frame 1.60E- 3.77E-
68 03| 11| 2.90E-01 141 4054624 1.3 01
ggme 1.60E-| 115 14.6 | 4.228393 1.3| 3.77E-

03 2.90E-01 6 01
‘;rgme 1.60E-| 115 -15.8 | 4.575932 1.3| 3.77E-

03 2.90E-01 8 01
frame 1.60E- 3.77E-
71 03| 11 2.90E-01 171 4.923472 1.3 01
';rame7 1.60E-| 11.5 117.6| 5.097241 13| 3.77E-

03 2.90E-01 6 01
;game 1.60E-| 115 18.2 | 5.271011 1.3| 3.77E-

03 2.90E-01 2 01
‘;rjme 1.60E-| 115 19.4 | 5.618550 1.3| 3.77E-

03 2.90E-01 4 01
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‘;rgme 1.60E- 11.1 -20.6 | 5.758573 1.3| 3.63E-
03 2.80E-01 44 01
‘;rgme 1.60E- 11.1 21.2 | 5.926298 1.3| 3.63E-
03 2.80E-01 88 01
‘;r?me 1.60E- 11 21.8| 6.039123 13| 3.60E-
03 2.77E-01 2 01
‘;rgme 1.60E-| 10.95 23| 6.342590 13| 3.58E-
03 2.76E-01 4 01
‘;rgme 1.60E- 10.8 -23.6 | 6.418897 1.3| 3.54E-
03 2.72E-01 92 01
ggme 1.60E-| 10.85 242 | 6.612562 1.3| 3.55E-
03 2.73E-01 88 01
‘;rfme 1.60E-| 10.82 25.4 | 6.921268 1.3| 3.54E-
03 2.72E-01 35 01
g;‘me 1.60E-| 10.81 26| 7.078215 13| 3.54E-
03 2.72E-01 04 01
g;‘me 1.60E-| 10.8 26.6 | 7.234859 3.67E-
03 2.72E-01 52 1.35 01
gj‘me 1.60E-| 10.7 27.8| 7.491232 3.77E-
03 2.69E-01 64 1.4 01
ggme 1.60E-| 10.6 -28.4| 7.581391 3.87E-
03 2.67E-01 36 1.45 01
ggme 1.60E-| 9.95 29| 7.266843 3.68E-
03 2.51E-01 2 1.47 01
g?me 1.60E- 9.8 29.6| 7.305374 4.44E-
03 2.47E-01 72 1.8 01
‘;rgme 1.60E- 9.6 30.8| 7.446405 4.47E-
03 2.42E-01 12 1.85 01
ggme 1.60E-| 9.46 31.4| 7.480756 4.65E-
03 2.38E-01 1 1.95 01
‘;rgme 1.60E- 8.6 -32| 6.930636 4.37E-
03 2.17E-01 8 2.02 01
frame | 1.60E- 8.3 | 2.09E-01 33.2 - 24| 5.02E-
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6.939703
91 03 04 01
g;‘me 1.60E- 8 -33.8| 6.809753 5.04E-
03 2.01E-01 6 2.5 01
ggme 1.60E-| 7.65 34.4| 6.627421 5.01E-
03 1.93E-01 44 2.6 01
gjme 1.60E- 4.2 35.6| 3.765511 2.90E-
03 1.06E-01 68 2.74 01
‘;rgme 1.60E- 3.5 3.190812 3.70E-
03 8.81E-02 | -36.20 8 4.20 01
‘;rgme 1.60E- 2.2 2.038896 2.77E-
03 5.54E-02 | -36.80 64 5.00 01
;r?me 1.60E- 2 37.4| 1.883763 2.81E-
03 5.04E-02 2 5.57 01
total | 24.26032
weight 64 2.90 49.80
LCG 1194 VCG 2.05
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Steel weight

Thickness (m) Moment (t-m)

Total Weight Moment (t-m)

ITEM Dimension Area(m’) orTotal  Volume(m’) Density t/m’) Weight (ton) (ton) LCG (m) tf‘bol_'t VCG () {about keel)
Length (m) midship)
Keel 100 0.0140 1.4000 7.87 11.0180 11.0180 -1.5 -16.5270 0.95 10.4671
Bottom 465 0.0120 3.5800 7.87 43.9146 43.9146 -2.5 -109.7865 1.08 47.4278
Bilge 380 0.0140 5.3200 7.87 41.8684 41.3684 -3.2 -133.9789 2.89 120.9957
Side Shell 520 0.0100 5.2000 7.87 40.9240 40.9240 -11 -45.0164 33 135.0492
Sheer Strake 185 0.0100 1.8500 7.87 14.5595 14.5595 -1.2 r -17.4714 4.65 67.7017
Deck Plate (Strength Deck) 992.0000 0.0100 9.9200 7.87 78.0704 78.0704 -3.2 -249.8253 8.64 674.5283
Poop Deck Plate 118.7250 0.0070 r 0.8311 7.87 6.5406 6.5406 -32.5 -212.5682 9.3 60.8272
F'Castle Deck Plate 98.4000 0.0070 0.6888 7.87 5.4209 54209 324 175.6357 7.354 39.8650
Main Frame L-100050x7 24,3000 24,3000 -0.2 -4.8600 2.05 49.8150
Side Web Frame T-270x130x8 13.5000 13.5000 -2.36 -31.8600 2.65 35.7750
Side Stringer T-270x130x8  0.0236 73.8000 1.8893 7.87 14.8686 14.8686 -2.2 -32.7110 3.3 49,0665
Center Girder T-750x540x12  0.0155 73.8000 1.1439 7.87 9.0025 9.0025 -0.5 -4.5012 0.88 7.9222
Side Girder T-750x180x11 0.0490 73.8000 3.6162 7.87 28.4595 28.4595 -1.5 -42.6892 0.83 23.6214
Deck Center Girder T-200x150x6  0.0020 73.8000 0.1476 7.87 1.1616 1.1616 -1.2 -1.3939 515 5.9823
Deck Side Girder T-200x150x6 0.0120 73.8000 0.8856 7.87 6.9697 6.9657 -1.2 -8.3636 515 35.8938
Floors T-750x180x11 7.87 129.5600 129.5600 -2.59 -335.5604 0.74 95.8744
Deck Web T-270x130%8  0.0864 13.7000 1.1837 7.87 9.3156 9.3156 -2.36 -21.9847 5.25 48.9067
deck beam L-100x65x7 = 0.1200 13.7000 1.6440 7.87 12.9383 12.9383 -0.2 -2.5877 5.25 67.9260
. 0.0000
Machinery Space 0.0000
Deck Plate 42,0000 0.0080 0.3360 7.87 2.6443 2.6443 -17.947 -47.4576 5.516 14,5861
Deck Center Girder T-200x150x6  0.0058 47.1500 0.2743 7.87 2.1587 2.1587 -20.257 -43.7288 5.516 11.9074
Deck Side Girder T-200x150x6  0.0058 14.3000 0.0832 7.87 0.6547 0.6547 -20.257 -13.2624 3.516 3.0114
Deck Web T-270x130x8  0.0864 13.7000 1.1837 7.87 9.3156 9.3156 -22.5 -209.6001 5.516 51.3846 -
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26
28
29
30
31
32
33
34
35

ITEM

Machinery Space

Deck Plate
Deck Center Girder
Deck Side Girder
Deck Web
Deck Beam
Foundation girder
Side web

superstructure

superstructure side plate

Poop side Plate
F'Castle side Plate
Navigation deck plate
Navigation Side plate

Frame

railing and staires

Dimension Area (m?)

42,0000
T-200x150x6  0.0058
T-200x130x6  0.0058
T-270x130x8  0.0864
L-100x65x7  0.1200

T-330x120x10 0.0180

250.0000
126.6000
57.81%9
132.2830
0.0007

L-75x55x7  0.0010

155.6000

Thickness (m)

or Total
Length (m)

0.0080
47.1500
14,3000
13.7000
13.7000

10.0000

0.0070
0.0070
0.0070
0.0070
15.4895

0.0045

Volume (m?)

0.3360
0.2743
0.0832
1.1837
1.6440

0.1800

1.7500
0.8862
0.4047
0.9260
0.0101

0.7002

Density (t/m®) Weight (ton)

7.87
7.87
7.87
7.87
7.87

7.87

7.87
7.87
7.87
7.87
7.87

7.87

2.6443
2.1587
0.6547
9.3156
12.9383
4.5000
1.4166

13.7725
6.9744
3.1853
7.2875
0.0794
2.3800

5.5106

Total Weight
(ton)

2.6443

2.1587
0.6547
9.3156
12.9383
4.5000
14166

13.7725
6.9744
3.1853
7.2875
2.6982
2.3800

5.5106

1CG (m)

-17.947

-20.257

-20.257
-22.5
-21.98
-28.2
-27.3

-30.1
-32.5
33.04
-32.8
-31.8

-27.8500

-2.2

Moment (t-m)

(about
midship)

-47.4576
-43.7288
-13.2624
-209.6001
-284.3834
-126.9000
-38.6732

-414.5523
-226.6678
105.2423
-239.0290
-85.8023
-66.3782

-12.1233

VCG (m)

5.516
5.516
5.516
5.516
5.516
1.138
1.9

11.8
7.32
9.34
12.13
16.3
11.6700

5.3
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ITEM

Bulkhead

BHD 1
Plate
Vertical Stiffener
Transverse Stiffener

BHD 2
Plate
Vertical Stiffener
Transverse Stiffener

BHD 3
Plate
Vertical Stiffener
Transverse Stiffener

BHD 4
Plate

ITEM

BHD 4
Plate
Vertical Stiffener
Transverse Stiffener

BHD 5
Plate
Vertical Stiffener
Transverse Stiffener

Thickness {m) i
i i 2 3, . 3, . Total Weight
Dimension Area(m®) orTotal Volume (m’) Density (t/m") Weight (ton) (ton) LCG (m)
Length (m)
106.8600 0.0070 0.7480 7.87 5.8809 5.8869 -35.13
L-90x60x6 0.0011 5.0240 0.7600 7.87 3.9812 5.9812 -35.13
L-75x%50x9 0.0028 16.5000 0.6200 7.87 4.8794 4.8734 -35.13
159.0000 0.0070 1.1130 7.87 8.7593 8.7593 -24.6
L-90x60x6 0.0011 8.1320 0.1480 7.87 1.1644 1.1644 -24.6
L-75x50x9 0.0028 18.5000 0.1220 7.87 0.9601 0.9601 -24.6
0.0000 -17.224
7.87
7.87
159.0000 0.0070 1.1130 7.87 8.7593 8.7593 -1.2
L-90x60%6 0.0011 8.1320 0.1480 7.87 1.1644 1.1644 -1.2
L-75x%50x9 0.0028 18.5000 0.1220 7.87 0.9601 0.9601 -7.2
-2.934
159.0000 0.0070 1.1130 7.87 8.7593 8.7593 10.2
Thickness {m) :
i i 2 3, . 3 . Total Weight
Dimension Area(m®)  orTotal Volume (m’) Density (t/m”) Weight (ton) (ton]
Length {m)
159.0000 0.0070 1.1130 7.87 8.7593 8.7593
L-90x60x6 0.0011 8.1320 0.1480 7.87 1.1644 1.1644
L-75x50x9 0.0028 18.5000 0.1220 1.87 0.9601 0.9601
159.0000 0.0070 1.1130 7.87 8.7593 8.7593
L-90x60x6 0.0011 8.1320 0.1480 1.87 1.1644 1.1644
L-75x%50x9 0.0028 18.5000 0.1220 7.87 0.9601 0.9601
Steel Weight 600.4002
LCG (about amidship) -4.4282
VCG (about Keel) 3.7188

Moment (t-m)

(about
midship)

-206.8074
-210.1196
-171.4133

-215.4790
-28.6454
-23.6194

0.0000

-63.0670
-8.3840
-6.9130

0.0000

89.3450

LCG (m)

10.2
10.2
10.2

33.6
33.6
33.6

VG (m) Moment (t-m)
(about keel)

0.0000

0.0000

0.0000

5.94 34.9683
5.9 35.2891
5.93 29.0324
0.0000

0.0000

0.0000

2.63 23.0370
2.6 3.0276
2.65 2.5444
3.144 0.0000
0.0000

0.0000

2.63 23.0370
26 3.0276
2.65 2.5444
3.248 0.0000
0.0000

0.0000

0.0000

0.0000

2.63 23.0370

Moment (t-m)
(about
midship)

89.3450
11.8773
9.7934

294.3128
39.1254
32.2607

-2658.6671

VCG (m)

2.63
2.65
2.65

2.7
2.7
275
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Machinery weight
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Items Quantity

1 Main Engine 1.0
2 Gear Box 1.0
11 Rudder & Steering Arrangement
Anchor, Chain, Bollard, Capstan and
other fittings

13 Propeller, Propeller Shaft

Total Machinery Weight
LCG (about amidship)

VCG (about Keel)

Unit weight
(tonne)

10.0
24
5.3

9.2

21

Total weight
(tonnes)

10.0
24
5.3

9.2

21
314

314

-12.82240611

4276034373

LCG (m)

216
286
-36.6

30.6

-36.0

Moment
(about
amidship)
-276.0
68.6
-194.0

2815

-75.6
-402.9

VCG (m)

Wood and outfit weight

19
19
6.0

19

12

Moment (about
keel)

18
4
31

12

2
134
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sailor(8)

Greaser(3)

13t class master

2nd class master

B C
No. of items
chair
locker
single bed

chair
locker

single bed

chair

table

bed

sofa

wash room
items
wardrobe

chair

table

bed

sofa

wash room

[E T S

[ S

D E F G
unit weight(kg) total weight(kg) total weight (tons) LC.G
15 120 0.12 -25.2
30 240 0.24 -25.1
HB 280 0.28 -25.2
0
15 45 0.045 -26.1
30 90 0.09 -26.1
HB 105 0.105 -26.1
0
0
15 15 0015  -19.20
25 25 0.025  -19.30
HB H 0.035  -19.30
30 30 003  -1930
40 0.04
-19.40
HB H 0.035  -1940
0
0
15 15 0015  -20.20
25 25 0.025  -2030
30 30 003  -2040
30 30 003  -2040

H
Moment

-3.024
-6.024
-1.056
0
-1.1745
-2.349
-2.7405
0
0
-0.288
-0.4825
-0.6755
-0.579

-0.776

0.679

-0.303
-0.5075
0.612
0.612

|
V.CG.
5.3
5.4
5.3

5.35
5.5
532

8.00
8.10
8.00
8.00

8.00
8.10

8.00
8.10
8.00
8.00

]
Moment

0.636
1.296
1.484
0
0.24075
0.495
0.5586
0
0
0.12
0.2025
0.28
0.24

032

0.2835

0.12
0.2025
0.24
0.24
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3
38
3
40

41
4
43
44
43
46
4
48
49
50
51
52
3
54
5
56
3
56
59

chair
locker

nd class driver single bed
wash room
items
table

chair
CTEW Mess table
other items

chair
officer's mess table
other items

Store-1 Cabinet
Deck Store Cabinet
Enging Office Table
Engine Controll Room  Controll Room Electronic

11

[ N

15
50

15

50.00
50.00
40.00
100.00

3
30

5

0

165
50
30

15
40
30

5000
5000
40.00
100.00

0.015
0.035
0.03

0.025

0.02

0.165
0.05
0.03

0.075
0.04
0.03

0.05
0.05
0.04

0.1

25.2
251
253

254

-26.2

2130
214
215

124
-126
203

2700
2700
-20.34
-20.50

0.378
0.8785
0.759

0.635

0.524

35145
-107
0.645

-1.68
0.904
.669

-1.35
-1.35
0.8136
-2.05

83
89
84

84

85

33
34
5.8

8.45
85

8.10
8.20
8.50
8.20

0.1245
0.3115
0.252

0.21

0.17

0.8745
0.27
0.1584
0

0

0
0.63375
0.34
0.258
0

0
0.403
041
0.34
0.82
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67
68
69
70
71
7
73

T4
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89

Map Table

Map Table- Chair
Control Panel- Chair
Radio Instrument Table
Radio Operator's Chair
Sofa

Wash cabin item

R R L B e

18.00
15.00
15.00
30.00
20.00
30.00
20.00

0.018
0.015
0.015
0.03
0.02
0.03
0.02

2345

Total weight(tons)

LC.G{m)

V.C.G.[m)

-20.30
-20.50
-21.00
-21.00
-21.00
-22.00
-23.00

2345

-23.2104

6.958252

.369
0.3075
0315
.63
042
.66
0.46

-54.4284

9.05
9.10
9.10
9.10
940
9.10
9.20

0.1629
0.1363
0.1365
0273
0.188
0273
0.184

16.3171
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10
11
12
13
14

15
16
17
18

A B C D E F G H I
Moment Moment
ITEM WEIGHT (ton) LCG (m) (about |VCG(m)| (about
amidship) keel)
1 Steel Weight 600.40 -4.43 -2658.67 372 | 223275
2 W&0 Weight 2.35 -23.21 -54.43 6.96 16.32
3 Machinery Weight 3142 -12.82 -402.88 4.28 | 134.35
Total Lightship Weight 634.17 -4.91 -3115.93 376 | 2383.42
COMDITION 1: LIGHTSHIP CONDITION
Moment Moment
ITEM NO. ITEM NAME WEIGHT (ton) LCG (m) (about | VCG(m)| (about
amidship) keel)
1 Light Ship 634.17 4,91 311598 | 3.6 | 2383.42
Total Weight 634.17 -1.91 -3115.98 376 | 238342
CONDITION 2: FULLY LOADED {DEPARTURE CONDITION)
Moment Moment
ITEM NO. ITEM NAME WEIGHT (ton) LCG (m) (about | VCG(m)| {about
amidship) keel)
1 Light Ship 634.17 491 311598 | 376 | 2383.42
2 Crew Effect (15 persons) 112 -21.00 -23.52 5.25 5.88
3 Reserved Fuel Qil 2.3 -22.50 -56.25 3.50 8.75
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CONDITION 2: FULLY LOADED (DEPARTURE CONDITION)
Moment Moment
ITEM NO. ITEM NAME WEIGHT (ton) LCG (m) (about | VCG (m)| (about
amidship) keel)
1 Light Ship 634.17 491 311598 | 376 | 2383.42
2 Crew Effect (15 persons) 112 -21.00 -23.52 5.25 5.88
3 Reserved Fuel Oil 2.3 -22.50 -56.25 3.50 8.75
4 Service Fuel Qil (Engine) i -22.50 -135.00 3.50 21.00
5 Service Fuel Oil (Generator) 2 -22.50 -45.00 3.60 7.20
7 Reserved Fresh Water 2 21.00 42.00 3.60 7.20
8 Service Fresh Water 4 21.00 §4.00 3.90 15.60
3 CargoHold 1 872 -16.20 -14126.40 | 2.81 | 2450.32
10 Cargo Hold 2 890 112 996.80 2.81 2500.30
11 Cargo Hold 3 732 18.00 13176.00 281 | 2056.92
Total Weight 3145.79 -1.02 -3203.35 3.01 | 9457.19
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35
36

37
8
£+
10
1
12
13

15
16
7
18

an

CONDITION 2: FULLY LOADED [ARRIVAL CONDITION)

Moment Moment

ITEM NO. ITEM NAME WEIGHT (ton) LCG (m) (about | VvCG(m)| (about
amidship) keel)

1 Light Ship 634.17 -4.91 -3115.98 3.76 2383.42
2 Crew Effect (15 persons) 112 -28.57 -32.00 5.25 5.88
3 Reserved Fuel Qil 0.25 -35.75 -8.54 3.50 0.88
4 Service Fuel Oil (Engine) ] -25.75 -154.30 3.50 21.00
5 Service Fuel Qil (Generator) 2 -25.75 -51.50 3.60 7.20
7 Reserved Fresh Water 0.2 21.00 4,20 3.60 0.72
8 Service Fresh Water 4 21.00 84.00 3.90 15.60

3 CargoHold 1 g72 -16.20 -14126.40 2.81 2450.32

10 Cargo Hold 2 830 112 996.80 2.81 2500.90

11 Cargo Hold 3 732 18.00 13176.00 2.81 2056.92

Total Weight 3141.74 -1.03 -3228.31 3.01 94432.83
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51
52 CONDITION 2: BALLAST CONDITION [DEPARTURE CONDITION)
Maoment Mament

ITEM NO. ITEM NAME WEIGHT (ton) LCG (m) {about | VCG (m) | (about
53 amidship) keel)
5d 1 Light Ship 63417 -481 -3115.98 376 | 238342
5% 2 Crew Effect (15 persons) 112 -21.00 -23.52 5.25 588
56 3 Reserved Fuel Qil 25 -22.50 -56.25 3.50 8.75
57 4 service Fuel Qil (Engine) ] -22.50 -135.00 3.50 21.00
58 5 Service Fuel Qil [Generator) 2 -22.50 -45.00 3.60 1.20
54 7 Reserved Fresh Water 2 21.00 42.00 3.60 1.20
B0 8 ballast water 50 -35.20 -3168.00 3.23 290.70
61 8 Service Fresh Water 4 21.00 84.00 400 16.00
62 Total Weight 74179 -8.65 -6417.75 369 | 274015
63
54
65 | | |
&6
67 CONDITION 2: BALLAST COMDITION (ARRIVAL CONDITION)

Moment Maoment

ITEM NO. ITEM NAME WEIGHT (ton) LCG (m) {about | VCG (m) | (about
68 amidship) keel)
£a 1 Light Ship 63417 -181 -3115.98 376 | 238342
70 2 Crew Effect (15 persons) 112 -21.00 -23.52 450 5.04
7l 3 Reserved Fuel Oil 0.25 -22.50 -5.63 3.50 0.88
12 4 service Fuel Qil (Engine) b -22.50 -135.00 3.50 21.00
73 5 Service Fuel Oil [Generator) 2 -22.50 -45.00 3.60 1.20
74 7 Reserved Fresh Water 0.15 21.00 3.15 3.60 0.54
75 8 service Fresh Water 4 21.00 84.00 400 16.00
76 g9 ballast water 50 -35.20 -3168.00 3.23 280.70
Tl Total Weight 137,69 -8.68 -6405.97 369 | 272477
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Stability calculation

WATER SECTION INCLINED AT 0° WATER SECTION INCLINED AT 10°
Hoolses | Didinates SH_ | Folod | Saclod | Folsg | Cubeoford | Folowbes Hoofses Didinstes SM_ | Foled | Sgolwd | Folsg | Cubeciod | Foloibes
0 0 1 [ om [ [ i 0 [ 0 0 0 0
i m ] [ [ [ [ W 13 0 [ 0 0 0 0 0
z A z 5% T | BE | 4 | &% 7 s z T | T25E00a | 25 70N | 26 Z005an | S25Tu
3 i 7 I - = B I g TASTE | 73 734744 | SBT7TEAT | 346757 | 493 BAZT
7 963 z 3% | o | @9 | @®m | mn z 54425 z E5_| 236715948 | A.243789 | 120124 | 2440249
5 55 ] Zial | a7 | WBEl | Bk | elo 3 54425 ¢ 217104 | 236716348 | 1168757 | T51.22012¢ | 644.060430
B ] z We | eaer | saes | Wz | med [ 5556 z TLT68_| 308950106 | 6 e | 1717373 | s9a et
7 ] ] I I T I 5 5556 ¢ 22233 | 308955105 | 123.566242 | 1713173 | 695 825034
B ] z D I I T 5 ) z TLTB8 | 90956106 | 617N | TTLT3TE | SAa4edt
3 ) 7 T | e | TRl | Wi | 6 7 BT T 727 | 0895510 | 25 0eeeN | TLTHeT | 69 900
] ) 7 Wes | waer | i | Biw | 3ol B ) 7 T8 | 3095606 | BTSN | 7T | 43 45T
i ] 7 T | el | T4y | B | Gedes E5 5558 [ 72279 _| 908959106 | 123,503242 | L7373 | 696 550
B ] z We | wabr | Gaed | Bz | wad 3 55564 z 11768 | 308350106 | 61 32N | 11730273 | s9adezstt
iE ] ] Tir | eser | Ay | Bir | 6ede as 55564 ¢ 722530 _| 30,8959106 | 123,56242 | 171151273 | 698 525034
" ] z W | eaee | coes | Wi | e [ 55564 z 750 | J0EIS00G | 61 7R | TTLTTa | e 4et
5 1 ] W | m% | mes | e | wan
% K z R 0 I )
i i 7 [ I T =
G E z 5 I I
B 7 7 55 A Ta | @
i 045 1 045 021 0zl L0 0.0
F = Z244 | T | w3 | r= | BIEE T- | zeze | x- |msImer| 1 | eomi0m
T
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WATER SECTION INCLINED AT 20°

WATER SECTION INCLINED AT 30°

Noof sec Ordinates St Fof ord Sqeford Fofsq Cube oford | Fof cubes
i] 1 i] 0 0 0

05 231 4 3264 5.363656 | 21495424 | 124226305 | 43690762

1 497 Z 99585 | 2d.79dd2dd | 43.5680487 | 123 461357 | 246.922713

15 56T 4 220360 | 321363456 | 126786183 | 182.683633 | 730.756557

Z DETdE Z 113454 | 321965456 | B4.3930913 | 182.68963 | 365.373273

3 5.5564 4 22233 | 30.6958106 | 123565242 | THT323 | BO6.925094

4 ST Z 113454 | 321365456 | B4.3930913 | 182.689631 | 365373273

5 DETdE 4 226368 | 321960456 | 126786163 | 182689639 | 730758557

G DETdE Z 113454 | 321965456 | B4.3930913 | 182.68963 | 365.373273

i DETdE 4 226368 | 321960456 | 126786163 | 182689639 | 730758557

i 56742 Z 113464 | 521965456 | 54.3350313 | 1582.689633 | 365.373273

85 DETdE 4 226368 | 321960456 | 126786163 | 182689639 | 730758557

k] DETdE Z 113454 | 321965456 | B4.3930913 | 182.68963 | 365.373273

35 5672 4 226368 | 321965456 | 126.786183 | 182.6A363T | T30.75E55T

)] DETdE Z 113454 | 321965456 | B4.3930913 | 182.68963 | 365.373273

_ I~ | zsm08 | 3. | esel|  T-  |eezaeom:

WATER SECTION INCLINED AT 40°

Noof sec Crdinates am Foford Sgoford Fofsg | Cubeoford | Fofoubes
1] 1 1] 0 1] 0

0.3 B.6008 4 26.4024 [ 43.5679204 | 174.271601 | 27.574415 | 119029766

1 10638 2 141276 [ 49.8972704 | 99.7945409 | 352.464333 | T04.928678

15 6.348 4 27.792 | 48.274704 | 193.098516 | 335.412643 | 134165057

2 E.348 2 13896 | d8.274704 | 96.543408 | 335412643 | B70.825267

3 E.345 4 27732 | 48274704 | 193.098516 [ 335412643 | 134165057

4 10638 2 191276 | 43.897270¢ | 33.7395403 | 352.464333 | 70d4.326678

3 10638 4 28.2952 | 49.897270¢ | 139.589082 | 352464333 | M03.85738

[ 10638 Z 141276 [ 43.897270¢ | 33.7345403 | 352.464333 | T0d.326678

T 10630 4 20.2952 | 43.8972704 | 199.569002 | 352.464339 | M09.65736

[ 10638 2 141276 [ 49.8972704 | 99.7945409 | 352.464333 | T04.928678

85 10638 4 28.2952 [ 49.8972704 | 199.589082 | 352.464339 | M09.85736

El 10638 2 141276 [ 49.8972704 | 99.7945409 | 352.464333 | T04.928678

35 0638 4 282552 | 49.8972704 | 139.585082 | 352464339 | 10385736

n 10638 Z 141276 | 43.897270¢ | 33.7395403 | 352.464333 | T0d.3266T8

— T- | 2936688 | E- | abns| Do | W3addE

Hoof sec Ordinates M Fofard | Sqoford Fofsq | Cubeoford | Fofcubes

0 1 0 i] 0 0
05 45636 4 194544 | 23654605 | 94.616¢195 | 115.046557 | 460166147
1 61574 Z 122748 | STEGTATES) 75.3353575| 25081612 | 462363223
15 62532 4 20,0128 | 391025102 | 196.410041 | 244.515617 | 378063268
z 52552 Z 125064 | 331029902 | 76.2050205| 244.519617 | 489031634
3 61574 4 24.5436 | STBEVETEE| 1S0.ETOMS | 23LIE1612 | S24. 7264468
4 52552 z 125064 | 331029902 | 76.2050205| 244.519617 | 489031634
5 52552 4 250128 | 331029902 | 196.410041 | 244.515617 | 578063268
3 52552 Z 125064 | 331029902 | 76.2050205| 244.519617 | 489031634
T 52552 4 250128 | 331029902 | 196.410041 | 244.515617 | 578063268
§ 62552 z 125064 | 331025102 | 76.2050205 | 244.519617 | 483031634
65 52552 4 250128 | 331029902 | 196.410041 | 244.515617 | 578063268
3 52552 Z 125064 | 331029902 | 76.2050205| 244.519617 | 489031634
a5 F.2532 4 250128 | 331025102 | 156.410041 | 244.515817 | 578063268
10 52552 Z 125064 | 331029902 | 76.2050205| 244.519617 | 489031634
I= 2563812 L= 157130482 L= SE717E196

WATER SECTION INCLINED AT 50°

Moof sec Ordinates am F of ord Sqofard Fofsg | Cubeoford | Fofcubes
1 4.4004 1 4.4004 | 13.3635202 | 13.3635202 | B5.20723¢1 | 85.2072341
05 72954 4 231616 | 53.2220612 | 212.691445 | 386262061 | 1993.12825
1 7.2954 2 145908 | 53.2228612 | 106 445722 | 380.282061 | T76.564123
15 I 4 2B.718¢ | 515466562 | 206.186625 | 370.084373 | 1480.33743
z 7412 2 148224 | 54.925885¢ | 109.851771 | 407066722 | B14.133444
3 7.2954 4 291816 | 532228612 | 212.891445 | 388.282061 | 155312825
4 T2 2 148224 | 54.925685¢ | 109.831771 | 407066722 | B1d.133444
5 T412 4 23,6448 | 549296854 | 213703542 | 407.066722 | 162826683
3 7412 2 148224 | 54.325685¢ | 103.851771 | 407086722 | Gd.133444
T 7412 4 236448 | 549250054 | 219703542 | 407.066722 | 1626.26603
3 7412 2 148224 | 54.925885¢ | 109.851771 | 407086722 | B14.133444
85 7412 4 29.6448 | 54.9256854 | 219703542 | 407.066722 | 1628.26689
E] 7412 2 148224 | 54.925885¢ | 109.851771 | 407066722 | B14.133444
a5 4112 4 296448 | 54.9256854 | 213 703542 | 407086722 | 1628 26683
[ T412 2 8224 | 54.325685¢ | 103.850771 | 40T.066722 | G4 133444
I= 313.5864 I= 229570355  E= 16846.2336
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WATER SECTION INCLINED AT 60°

Noof sec Ordinates M Faford Sqof ard, Fofsg Cubeoford | Fof cubes
0 4.4004 1 44004 | 19.3635202 | 13.3635202 | 85.2072341| 65.2072341
0s 6363 4 25476 | 40564161 | 152255644 | 258.353141 | 103341257

1 64848 2 129696 | 42052631 | 841052621 | 272702302 | 545405804

15 E.363 4 25476 | 40564161 | 152.255644 | 258.3531H | 103341257

2 [T 2 132012 | 455679204 | 87 1358407 [ 287574415 [ 57514883

3 66006 4 26.4024 | 43.567920¢ | T74.271681 | 26757415 | T190.23766

4 66008 2z 13,2002 | 45.567320¢ | 871358407 | Z67.574415 | 575.14663

5 66008 4 26.4024 | 45.567920¢ | 174.271661 | 267.574415 | 1190.23766

i 6.6008 2 13.20M2 | 43.5679204 | 871350407 | 267.574415 [ 575.14683

7 6005 4 26.4024 | 43.567920¢ | 174.271651 | 267.574415 | 1190.29768

8 6005 2 13.2002 | 435679204 | 871358407 [ 287574415 [ 575.14883

85 6005 4 264024 | 43.567920¢ | 74.271651 [ 287574415 | 1190.29768

El B EO06 2 1322 | 43.5679204 | 871358407 [ 267574415 [ 57514883

a5 66008 4 26.4024 | 45.567520¢ | 174.271661 | 267.574415 | 1190.23766

n 66008 2z 13.2002 | 45.5673204 | 87 1358407 | Z67.574415 | S75.14663
- Y- | ommw | 3 | weado| - | Tewams

WATER SECTION INCLINED AT 70°
Mo of sec: Ohidinates M Fof ord. Sqoford Fofsq. Cubeaford | Fofcubes
0 53058 1 53058 | 34.6764736 | 34.8764736 | 20530529 | 205.38523
[ 6.0218 4 24.088¢ | 36.2596666 | 145.006666 | 218.341208 | 573 364833
1 5.3058 2 BTG | 348784736 | 63.7969473 | 205.98529 | 411.970573
15 6.0215 4 24.086¢ | 362596666 | 145.086666 | 218.341208 | 573 364833
2 61374 2 122748 | 3TRETRTAS | 75.3353575 | 231181612 | 462363223
3 61374 4 245436 | STEETETEE) 1B0.6T0719 | 231180612 | 524, 726446
4 6.1374 Z 122748 | 3TRETETAE| 79.3353575 | 231181612 | 462363223
3 61374 4 24.5436 | STEATETEE ) 150.670715 | 231181612 | 324, 726446
6 61374 2 122748 | 3T6ETE7A0| 75.9303575 | 231161612 | 462363223
7 6.1374 4 245436 | 3TEETETES| 150.670715 | 231181612 | 524. 726446
8 6.1374 2 122748 | 3T6ETE78E | 75.3353575 | 231181612 | 462363223
85 6.1374 4 245436 | 3TEETETES| 150.6V0715 | 231180612 | 524.726446
3 1374 z 122748 | 3TBBTRTES | 75.3353575 [ 231181612 | 462363223
35 6.1374 4 24.5436 | STEATATEE ) 150.670715 | 231181612 | 324726446
0 61374 z 122748 | 3TRETE7AE| 79.3353575 | Z3LIEIEIE | 462363223
I= 2E2.287 I= 1600.07847 L= 976243711
v
»
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L)
WATER SECTION INCLINED AT 80° WATER SECTION INCLINED AT 90°
Nootses Drdnates SM | Fofad | Gqofod | Fofsg | Cubsolod | Fafcubes Noofsec Didnates SN | Folod | Sqoferd | Fofsg | Cubsoford | Fofcubes
0 053 1 053 | 1426809 | TR426A03 | BRSTTAGED| BR5TTEGER 0 1053 1 4053 | 15426609 | T.420809 | 6B 5T7EG6 | B 5T7RGEa
5 Shz 1 T7EM | 32 1905456 | 26, 736TE3 | TR2.699630 | T30 756557 5 BT T T223% | 3085616 | A563AE | TIT9ET | 696 32508
T HiH 7 TU3494_| 2 1965456 | B4 390013 | Th2.ASRa0 | 365 37T [ B 7 TITEG | 306956706 | BUTARZN | 171731273 | S4ad6asdt
15 56742 [ 726960 _| 32 195436 | 126, 700763 | 162699539 | 130 736557 5 B [ 727336 | 308950106 | 1233632492 | 11131273 | Go6.92503¢
Z s z T13494_| a2 1905456 | 043900973 | 162603630 | 365 37T F 5550 7 TG | 306950106 |_BLTIRZN | 1173273 | 4ad6aaet
3 5672 4 726960 _| 3 1305406 | 126, 700163 | 16263839 | T30 756557 3 55504 [ 727936 _| 305356106 | 123563242 | L1327 | A8 325034
4 A 2 Tsa | oa5odl | G7.0462 | 194104503 | 300209078 4 HxE z 113484 | 921905456 | 64.3900313 | 182603633 | 365.375279
5 ] 4 7% | 335241 | 403 | 194104533 | TTRATGEG B BB 4 726368 _| 32.1905456 | 128.726153 | 182603633 | 730754557
5 B 7 Tisa | w5l | BT0962 | 14109503 | 369208078 B TEz 7 T13059_| 32.1965456 | B4.3900313 | 162603633 | 365375213
7 B 1 7% | 3351 | A0 | 1941453 | TR ATGEG 7 SEz T 726368 | 321505456 | 128.7R01E3 | 2603633 | T30 750557
B B 7 TSe | sS4l | f70462 | 194704539 | 360203078 8 BB 7 T13054_| 321565456 | B4 3300373 | 162 609633 | 365375273
i5 ] [ 7% | 3a541 | A0 | 199104533 | 776 4T6HG i HxH ¢ 726360 _| 321905456 | 126.720163 | 162603633 | 730750557
3 ] z T5a_ | 5a5edl | 70462 | 194 104503 | 309208078 3 HLH 7 113454 _| 321305456 | B, 390015 | 162 603633 | 365, 373273
35 E] 4 7% | dazdl | 103 | 194104530 | TR 4T0HG 35 HnE [ 726960 _| 92 1305456 | 1268.786153 | 182603633 | 790 750557
[ B 2 Tsa | 5a5edl | G7.0462 | 194104533 | 369208078 [ BB 2 113954 | 321965456 | B4.3900313 | 162603633 | 365375279
— T- | smw | 1o | @oaime| L= | 8051 I- | 0566 | - | tTeeas| L= | Tezmess
v
{ >
A
WATER SECTION INCLINED AT 0° WATER SECTION INCLINED AT 10°
Noof sec Ordinates M Foford, Sqof ord. Fof 5 Cubeoford | Fof cubes Noof sec Crdinates M Foford. Sqof ord. Fof s Cubeoford | Fofcubes
0 0 [ 0 i 0 0 0 1 0 [ 0 i 0 0 0
05 0 B 0 0 0 0 5 0 B 0 0 0 0 0
[ 75078 z 5035 | 64902050 | 12.3605315 | 1.5508011 1 7 z 47| 30703 | 003935 | 524082255 04804
i5 3azH B 5 2856 | .60503G | 58 412391 | 55 642735 15 BES B 53 | G0810Z5 | Ga5ZH1 | 24260064 | 37052208
2 < 838 z 37272 | 23654605 | 47.3032093 | TE.4EET z 3990 z 7679 | 50843 | 310030877 | 610320764 | 122095357
3 5.3208 B 713072 _| 263747362 | 113 433153 | 19116875 3 7478 B TR | 225916048 | 901664184 | 107025001 | 428092020
B 5 550 z TL16_| 306966106 | 617362N | TTEr [ IR z T033472 | 32.950311 | 9 9190213 | 104 935730 | J03676ET
5 5 550 B 72,7936 _| 306058108 | 12563242 | TTL7AETa 5 R & | 227634 | 329550 | 173039044 | 194 335730 | 734310
B 5 5500 2 TG0 | J0.E9G6106 | 617962 | TTaer § TR 2 133472 | 32 950311 | 4 0190210 | 104 935790 | 202671647
7 5 5500 [ 222036 _| 0605008 | 12056342 | TTL7Aer 7 TR & | 2276044 | 324550 | 129030644 | 104 335730 | T3 T4IE0
B 5 5500 2 TG0 | J0.E9G6106 | 617962 | TTaer B TR 2 133472 | 32 950311 | 4 0190210 | 104 935790 | 202671647
is 5 5500 [ 222036 _| 0605008 | 12056342 | TTL7Aer A5 TR & | 2276044 | 324550 | 129030644 | 104 335730 | T3 T4IE0
3 5 5500 2 TG0 | J0.E9G6106 | 617962 | TTaer 3 TR 2 133472 | 32 950311 | 4 0190210 | 104 935790 | 202671647
35 5 5500 [ 222036 _| 0605008 | 12056342 | TTL7Aer a5 TR & | 2276044 | 324550 | 129030644 | 104 335730 | T3 T4IE0
[ 5 5500 2 TG0 | 90 G566 | 617902 | 171731273 | 343 462aeT [ TR 2 133472 | 32 950311 | 4 0190210 | 104 935790 | 202671647
| PR 0354524 | T 555530 T | 1900505 [T T004,68563 | &= 546602215
v
¢ >
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WATER SECTION INCLINED AT 20°
Emerged Wedge

WATER SECTION INCLINED AT 30°
Emerged Wedge

Noof e Chdinates SM Fofard Sqofard. Fafsq Cubeof ord | Fof cubes
i} i} 1 0 0 i} i} i}

0.3 236 4 3.264 0.383856 | 21495424 | 12.4226905 | 43.830762

1 4.3734 2 3.9565 | 24.7344244 | 49.5655497 | 123.461357 | 246.922713

15 5.6742 4 Z2BI66 | 321965456 | 126.786133 | 182 689533 | 730758557

2 5.6742 2 113484 | 32.1969456 | 64.3330313 | 152.689639 | 369.373273

3 5.9554 4 222336 | 30.8958106 | 123.583242 | 171731273 | Fi56.925034

4 5.6742 2 113454 | 321965456 | 64.3330313 | 182685633 | 365.373273

5 5.6742 4 226368 | 521965456 | 128786153 | 182.683639 | T30.758557

[ 5.6742 2 113484 | 32.1969456 | 64.3330313 | 152.689639 | 369.373273

T 5.6742 4 226368 | 521965456 | 128786133 | 182.683639 | T30.753557

i 5.6742 2 113484 | 32.1969456 | 64.3330313 | 152.689639 | 369.373273

83 5.6742 4 226368 | 521365456 | 128786133 | 182.683639 | T30.758557

3 5.6742 2 113484 | 32.1969456 | 64.3330313 | 152.689639 | 369.373273

33 5.6742 4 226368 | 521965456 | 128786153 | 182.683639 | T30.758557

n 5.6742 2 113484 | 32.1969456 | 64.3330313 [ 152.689639 | 369.379279

| I FEEEE 224,969 |- 552360703

Noof sec Chdinates F oford. Sqof ard Fofzq. | Cubsoford | Fof cubes
0 i} 1 i} i} 0 0 0
05 0 4 1] 1] 0 0 0
1 1.3843 z 19886 | 096334643 193763298 | 013536356 | 14072712
15 16T 4 G764 | 261937661 | 12775072 | 4.73d0156 | 15.9360824
2 2.0844 z 49888 | 43472336 | 968344672 | S095M1ET | 1322827
3 13686 4 A4 | 387538936 15.5015438 | 7.6290848 | 305163332
4 2.0644 2 49658 | 4.34472336 | 865344672 | J05EWI3T | 1822627
5 2.0844 4 83376 | 4.34472336 | 17.3788334 | 05E1413T | 36.2245655
[ 2.0844 z 49888 | 43472336 | 968344672 | S095M1ET | 1322827
7 2.0844 4 83376 | 4.34472336 | 17.3788334 | 05R1413T | 36.2245655
[] 2.0844 z 49888 | 43472336 | 968344672 | S095M1ET | 1322827
85 2.0844 4 83376 | 4.34472336 | 17.3788334 | 05614137 | 36.2245655
3 2.0844 z 49888 | 43472336 | 968344672 | S095M1ET | 1322827
35 2.0844 4 83376 | 4.34472336 | 17.3788334 | 05E1413T | 36.2245655
z 41888 | 434472336 | 968344672 | I095M413T | 18122827
I= 743226 |I= 150363398 | L= 304.331631
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WATER SECTION INCLINED AT 40°

Emerged Wedge

WATER SECTION INCLINED AT 50°
Emerged Wedge

Noof sea Ordinares SM Foford | Gaoford | Fofsg | Cubeoford | Fofoubes Noaf sec Crdinates E Fofwd | Sacford | Foisg | Cubeoford | Fofoubes
0 T i i i i i i 0 T 0 I i i
[ 0 [ [ [ [ [ 0 05 0 ¢ 0 0 0 0 0
T [EES H 1737 | 0.7542325 | 15085605 | 065510262 | 151020564 7 TEZIZ_| D.EG707236 | 13WHM4T2 | 053262266 | 106529571
75 13856 4 55564 | 150036AT6 | 772095264 | 26AA30TIS | 107337046 [ 463 | 1940954 | 5963056 | 155263631 | B 2H452
2 15633 Z 3266 | 244390689 | 4.88781378 | 382055964 | 764111928 z 2835 | 209525625 41905125 | 303288342 | 6,055 16654
3 15054 q B.0ZI | 226622906 | 5.06491659 | 341158138 | 126469255 ¢ 53768 | 177392489 | 704363556 | 2.30066993 | 24466137
q 16212 H 5.2424_| 262026944 | 525657005 | 426090204 | B.52198560 z 27792 | 199006616 | 300197532 | 260390115 | 536660229
5 TE2IE [ 5.4598 | 2626826944 | 10.5131576 | 26096294 170939314 ¢ 55584 | 193038616 | 772395264 | 268390115 | 10.7332046
3 16212 H 5.2024_| 262826949 | 525657695 | 426090294 | 5.52196568 7 27732 | 159036616 | 385197632 | 266330115 | 536660229
7 1622 4 5.4040 | 262026944 | 10.5191576 | 26090204 170439914 [ 55564 | 199006616 | 772105264 | 260390115 | 10.7332046
B T2 Z 32024 | 262828944 | 525657595 | 426098204 | 8.52196568 z 27732 | 193038676 | 385197632 | 26839011 | 536660229
85 16212 q 6.4898 | 262626944 | 10.5131576 | 26098284 | 17.0439514 4 55564 | 153036616 | 7.72395260 | 268330115 | 10.7352046
g 1622 H 3.2424_| 262026944 | 525657000 | 426090204 | B.52196560 z 27792 | 199006616 | 305197532 | 260390115 | 536660229
95 T2 [ 5.4598 | 2626826944 | 10.5131576 | .26098204 | 170939314 4 55564 | 193039616 | 772395264 | 268390115 | 107332046
10 16212 H 5.2424_| 262626944 | 525657695 | 426096294 | 552196564 z 27732 | 153036616 | 385197632 | 268330115 | 536660229
58.5%48 91520793 144116409 506096 68, 1679049 92.5548673
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WATER SECTION INCLINED AT 60°

Emerged Wedge

'WATER SECTION INCLINED AT
Emerged Wedge

70°

Noofsec Ordinaies Sqolond | Fofsy | Cubeolord | Fofoubes

D i 0 0 i
s 0 [ 0 0 0 0

T [ 7 5054 7331458 | 042644767 | 0
75 0422 q 4580 34472335 | 115201167

B TG B 238 155283631

3 56 [ [ 155283631

4 [ 7 25476 | 162255644 2 0B8825TE

5 2738 7 o35 | 16275064 2 0B6EES TS

B 12738 7 7576 | 16225064 7 8BRS

7 1273 [ 5035 | 162250644 20888257 | 8.
g 127 7 25476 | 162255644 2 0B8825TE
BS 2738 7 o35 | 16275064 2 0B6EES TS

B 12738 7 7576 | 16225064 7 8BRS
35 1273 [ 5035 | 162250644 208882518

[ 1278 z 25476 | 162256644 2 06592513

I - 5N |Te 55.71034%4 | E,=

Mo of se Ordinates il Fofod | Sqofod. | Fofsg | Cubeofod | Fofoubes
i 0 1 0 0 0 0 i
0s 0 4 0 0 0 [ [

1 06343 2 13536 | 0.48274704 | 0.38543408 | 033541264 | 067082523
15 05543 q 3.9312_| 096009693 | 301500536 | 09536350
z 11001 B 22002 | 121022001 | 292044002 | 135136303
3 10422 4 47655 | 108619034 | 4.34472336 | 113201767 | 452807083
4 11001 2 2.2002_| 121022001 | 242044002 | 133136303 | 2.66272607
5 11001 q 4.400¢_| 121022001 | 4.89088004 | 135136303 | 5 32545215
B 11007 B 22002 | 121022001 | 242044002 | 135136303 | 266272807
7 11001 4 4.4004 | 121022001 | 489058004 | 135136303 | 5 32545215
3 11001 2 2.2002_| 121022001 | 242044002 | 133136303 | 2.66272607
85 11001 q 4.400¢_| 121022001 | 4.89088004 | 135136303 | 5 32545215
3 11007 B 22002 | 121022001 | 242044002 | 135136303 | 266272807
95 11001 4 4.4004 | 121022001 | 489058004 | 135136303 | 5 32545215
] 11001 z 2.2002 | 121022001 | 2.42044002 | 133136303 | 266272607
I= 02984 |5 43.07M7837 [E= 45.2916033

v
2>
L]
WATER SECTION INCLINED AT 80° WATER SECTION INCLINED AT 90°
Emerged Wedge Emerged Wedge
Noolsse | Ordnaees SH_ | Fofod | Sqclo | Foisg | Cbeolud] Folsubes Noolsze | Ordnates S| Fofod | Sqolard | Foisg | Cubsolmd] Folcubes
0 0 i i 0 i i 0 i 0 i 0
53 0 7 0 0 0 0 53 0 7 0 0 0 0 0

i [ 7| 1% | 040eie] 0 %5400 | Qe i [ 7| 1% | 0402i4i0e] 0545008 | 03544 | 06082
s [T 7| a9 | 0] 3875085 | 05 s [T 7| 393 | 0oomebd] 307580 036959 | 38wbize
z 10z 7| 2034 | L0SB084 | 2172368 | 1BZ0ET z 10z 7| Z08M | 1051064 | 21725508 | LIRONSY | 226A055
g 104z | e | Loweed | 437250 | LOR0NET g [T 7| 393 | 0oomeb] 307500 056365 | 38wbize
7 1022 7| 7034 | L0384 | 21723608 | 1BZ0ET 7 104z 7| 2084 | 1091084 | 21720508 | LIRONSY | 2264005
5 104z | e | Loweed | 437250 | LOR0NET 5 104z 7| e | L0064 | 4 3472  LIRDTISY | 452807068
B 1022 7| 7034 | L0384 | 21723608 | 1BZ0ET B 10az2 7| 708 | 1051064 | 21720508 | LIRONSY | 2264005
7 104z | e | Loweed | 437250 | LOR0NET 7 104z 7| e | L0064 | 4 3472  LIRDTISY | 452807068
8 1022 7| 7034 | L0384 | 21723608 | 1BZ0ET 8 10az2 7| 708 | 1051064 | 21720508 | LIRONSY | 2264005
B 104z | e | Loweed | 437250 | LOR0NET B 104z 7| e | L0064 | 4 3472  LIRDTISY | 452807068
5 1022 7| 7034 | L0384 | 21723608 | 1BZ0ET 5 10az2 7| 708 | 1051064 | 21720508 | LIRONSY | 2264005
3 104z | e | Loweed | 437250 | LOR0NET 3 104z 7| e | L0064 | 4 3472  LIRDTISY | 452807068
w0 1022 7| 7034 | L0084 | 21723608 | 1BZ0ET 7| Z08M | 1051064 | 2172358 | LIRONSY | 226005
- IENEEEAERTEEEE 40703 I~ | B |T- P30 | T 39 3064049

v

>
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Combination Table

Angle of heel : 10
HEEL
ANGLE| 3 SM PRD. %, SM PRD.
(@)
0 1246.34558 5 6231.727901 | 1035.492 5 5177462004
10 | 1105.973469 8 8847787749 | 1004 686 8 8037.485042
20 1224916975 -1 -1224 91698 1224917 -1 -1224 91698
I= 13854 59867 38= 11990.03007
HEEL
ANGLE TAT | SM PRD. | (pw) | Cos(pa) | PRD.
(o)
0 11912.30426 5 5956152128 10 098 58656.64794
10 | 1148472253 8 91877.78024 0 1.00 91877.78024
20 | 1365921405 -1 -13659.2141 -10 098 -13451.6999
) 137082.7283
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Volume of Inmersed= 92,777

Volume of Emerged= 92.777
New Volume= 486.300
Moment= 707,151
BR=1.454
BG=KG-KB= 2,513
BGsing = 0.436
GZ=BR-BGsinB= 1.018

cu. m

cu.m

cu.m

3

=2

=2
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Combination Table

Angle of heel : 20
HEEL
ANGLE %, SM PRD. o SM PRD.
(o)

0 1246 34358 1 1246.346 | 1035.492 1 1035.492
10 1105973469 4  |4423.894 | 1004.686 4 4018743
20 | 1224916975 1 1224917 | 1224917 1 1224917

T 6895.15643 S8= | 6279.151897
HEFL
ANCLEl w45 | sM | PRD. | (gw) |Cosip-w) PRD.
(@)

0 1191230426 1 119123 20 094 | 111939

10 |1148472253 | 4 (4593889 10 098 4524098

20 |13659.21405 1 13659.21 0 1.00 |13639.21
)] 70094.09361
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Volume of Immersed= 213,415 CcU. m

Volume of Emerged= 194349  cu.m

New Volume= 505,366 tll. m
Moment= 1446341 m°

BR= 2.862

BG=KG-KB= 2,513

BGsing = 0.859

GZ=BR-BGsin@= 2.002

5 2 =2 =
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Combination Table

Angle of heel : 30

HEEL
ANGLE %s SM | PRD. | ¥ SM | PRD.

(o)
0 [ 124634558 | 1 |124635 103540 1 | 103549
10 [1105.073460| 3  |3317.92 | 1004.69 | 3  |3014.06
20 [1224916975| 3 |3674.75 | 122492 | 3 | 3674.75
30 | 157100482 | 1 | 15710 | 150369 | 1 | 150.369
T 9810.921732 | 58— | 7874.669216

HEEL
ANGLE | 5 .5, SM | PRD. | (p-a) C“{:g"* PRD.

(o)
0 [1101230426] 1 [110123| 30 0.87 | 103164
10 |11484.72253| 3 |344542| 20 004 |323763
20 [1365921405] 3 |40977.6| 10 0.98 | 40355.1
30 [0076.713503| 1 |907671| 0O 1.00 |9976.71
5 93024.49843
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Volume of Immersed= 341,620
Volume of Emerged= 274,199
Mew Volume= 553.721
Moment= 2159.430

BR= 3.900

BG=KG-KB= 2,513

BGsing = 1,257

GZ=BR-BGsinB= 2,543

Cu. m

CU. m

Cu. m

3 3|3 =
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Combination Table

Angle of heel : 40

HEEL
ANGLE | % sM | PRD. | %, | sM | PRD.

()
0 | 124634558 | 1 | 124635 | 103549] 1 | 103549
10 [1105073460| 4 | 4423.80 | 100469 | 4 | 401874
20 1224016075 2 | 244983 | 122402 2 | 244983
30 | 157100482 | 4 | 628762 | 150369 | 4 | 601476
20 |2054142204] 1 | 205414 015208| 1 | 915208
- 16461.83498 | 35— | 8197.065658

HEEL
ANGLE | 5.v | sM | PRD. | (o) E“;g"* PRD.

(o)
0 |1101230426| 1 |110123] 40 | 077 |012535
10 |1148472253| 4 | 450380 30 | 087 |397842
20 [1365921405| 2 |273184| 20 | o004 |256700
30 [0076713503| 4 |300069| 10 | 098 |303006
30 [145175410] 1 |145175] 0 100 | 145175
5 128398 6472
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Volume of Immersed= 509.517 cu.m

Volume of Emerged= 253.711 cu. m

New Volume= 742,106 cu.m
Moment= 2640.413 m"

BR= 3.570

BG=KG-KB= 2.513

BGsing = 1.615

GZ=BR-BGsinB= 1,955

3 3 3 =2

130



Combination Table

Angle of heel : 50
HEEL
ANGLE XY SM PRD. I SM PRD.
(o)
0 1246.34558 0.4 498538 | 103549 0.4 414.197
10 [1105.973469 1 1105.97 | 1004.69 1 1004.69
20 1224 916975 1 122402 | 122492 | 122492
30 1571.90482 | 1571.9 | 150369 1 150.369
40 2054.142294 1 2054.14 | 91.5208 1 01.5208
50 2205703349 04 |918281|68.1679 | 04 |272672
= 7373.757209 §8= 2912 956519
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HEEL
ANGLE | 5.5, SM | PRD. | (o) C‘:ig“ PRD.
(e)
0 1191230426 0.4 476402 30 0.64 | 306283
10 11484 72253 1 114847 40 0.77 g797.81
20 1365921405 1 136592 30 0.87 118202
30 0076.713593 1 007671 20 0.94 0375.04
40 1451754199 1 145175 10 008 14207
30 16938.78843 0.4 6775.32 0 1.00 | 6775.52
) 54137 41429
Volume of Immersed= 713,213 CU. m
Volume of Emerged= 281.750 cu.m
MNew Volume= 917,763 cu. m
Moment= 3490.894 m°
BR= 3.804 m
BG=KG-KB= 2,513 m
BGsing = 1,925 m
G7=BR-BGsinB= 1.879 m
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Combination Table

Angle of heel : 60
HFFL
ANGLE 3 SM PRD. Zy SM PED.
(o)
0 1246.34558 1 1246.35 | 1035.5 1 1035.49
10 1105.973469 4 4423 89 | 1004.7 4 4018.74
20 1224 016975 2 2440 83 | 1224 0 2 2440 83
30 1571.90482 4 6287.62 | 130.37 4 601.476
40 2054142204 2 410828 | 91.521 2 183.042
30 2205703549 4 0182 81 | 68.168 4 272672
60 1822155522 1 182216 | 55.71 1 55.7103
= 29520.94699 8= 8616.96842
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HEEL Cos(gp-
ANGLE | Zs+%g SM | PRD. | (p-a) O PRD
(o)
0 11912 30426 1 119123 60 0.50 5936.15
10 11484 72253 4 450389 30 0.64 295289
20 13650 21405 2 27318 4 40 0.77 200271
30 0076.713503 4 39906.9 30 0.87 | 34:60.3
40 14517.54109 2 200351 20 0.94 272841
30 16038 78843 4 67755.2 10 0.98 66725 8
60 1196825489 | 11968.3 0 1.00 11968.3
y 196950.6909
Volume of Immersed= 913,715 cu.m
Volume of Emerged= 266.707 cu. m
Mew Volume= 1133.308 cu. m
Moment= 4063.934 rr|"I
BR= 3.586 m
BG=KG-KB= 2.513 m
BGsing = 2.176 m
GZ=BR-BGsing= 1.410 m
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Combination Table

Angle of heel : 70
HEEL
ANGLE ) SM PRED. Xy SM PRED.
(o)
0 124634538 1 1246.35 | 1035.5 1 1035 .49
10 1105.973469 4 4423 80 | 10047 4 4018.74
20 1224916975 2 244083 | 12249 2 244083
30 157190482 4 6287.62 | 150.37 4 601.476
40 2054.142204 1 205414 1 91.521 1 01.53208
T 16461 83498 | 35.1- | 8197.065658
40 2034.142204 1 205414 | 91521 1 01.5208
50 22057035490 3 6887.11 | 68.168 3 204.504
60 1822.155522 3 346647 | 3371 3 167.131
70 1600.078474 1 1600.08 | 43.072 1 43.0718
Tor= 16007.79798 | 33.2= | 506.2273196
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HEEL Cos{g-
ANGLE Ts+Xs SM PRD. | (p-a) 0 PRD.
(o)
0 11912.30426 1 119123 70 0.34 [ 4074.25
10 11484 72253 4 450389 1] 0.50 22069 4
20 1365921405 2 27318 4 50 0.64 175500
30 0976.713503 4 39906.9 40 077 | 303704
40 14517.54190 1 145175 30 0.87 125726
) 8T7746.62437
40 1451754190 1 14517.5 30 0.87 125726
50 16938.78843 3 508164 20 0.94 [47751.8
1] 11968 25480 3 35004 8 10 0.98 353503
70 0808.788709 1 0808.79 0 1.00 Q808.79
y 105492_403
Volume of Immersed= 1066.914 cu. m
Volume of Emerged= 271.338 cu.m
Mew Volume= 1281.876 cu.m
Moment= 4259.442 md
BR= 3.323 m
BG=KG-KB= 2.513 m
BGsing = 2.361 m
GZ=BR-BGsing= 0.961 m
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Combination Table

Angle of heel : 80
HEFL
ANGLE I SM PRD. x SM PRD.
()
0 124634558 1 124634558 | 1035.4924 1 1035.49
10 1105973460 4 4423 803875 | 1004 6856 4 4018.74
20 1224916975 2 2440 833051 | 1224017 2 2449 83
30 1571.90482 4 6287.61928 | 150.369 4 601.476
40 2054142204 2 4108 284588 | 91.520783 2 183.042
50 [2295.703349 4 0182.814195 | 68.167905 4 272.672
60 1822155522 2 3644 311044 | 55.710349 2 111421
70 1600078474 4 6400313805 | 43.071764 4 172.287
80 1403198130 1 1403198139 | 39508607 1 39 5087
= 39146.61455 38= 8884 564491
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HEEL
ANGIE | 55 | sM | PRD. | (ow L“;g“ PRD.
(o)
0 11912 30426 1 11912 30426 a0 0.17 2068.55
10 11484 72253 4 45038 80012 70 0.34 15712
20 13639 21405 2 273184281 60 050 136592
30 0076.713503 4 30006.85437 50 064 25651.6
40 14517.54109 2 20035.08399 40 077 222422
30 16038 78843 4 67755.1537 30 087 386777
60 11958.25480 2 23036.50078 20 0.94 22403
70 Q808.7887049 4 39235.15484 10 098 386301
&0 8077040032 1 8077.040032 0 1.00 8077.04
y 207220.3567
Volume of Immersed= 1211.643 Cl. M
Volume of Emerged= 274,990 cu. m
Mew Volume= 1422953 CuU. M
Moment= 4275.841 m*
BR= 3.005 m
BG=KG-KB= 2,513 m
BGsing = 2,475 m
GZ=BR-BGsinG= 0.530 m
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Combination Table

Angle of heel : a0
HEEL
ANGLE ) SM PRD. E SM PRD.
(o)
0 124634558 1 124635 [1035.492401 1 1035 4924
10 1105.973469 3 3317.92 | 1004.68563 3 3014.05689
20 1224 916975 3 367475 |1224 916975 3 3674.75093
30 1571.90482 2 3143 81 [150.3680081 2 300.737996
40 2054.142204 3 616243 | 91.520793 3 274.362379
50  |2205.703349 3 6887.11 |68.16790404 3 204 503715
60 1822155522 2 3644 31 [55.71034938 2 111.420699
70 1600078474 3 480024 |43.07176368 3 120 215201
80 1403198139 3 420059 |39.59866692 3 118.796001
a0 1347 869965 1 1347 87 |30.12932052 1 301293295
Y= 38434 37493 8= 8902_665628
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HEEL Cos(p-
ANGLE | Zs+%5 SM | PRD. (p-ou) o) PRD.
(o)
0 11912 30426 1 119123 an 0.00 0
10 11484 72253 3 34454 2 a0 0.17 398290341
20 1363921405 3 40977.6 70 0.34 14015.179
30 0076.713593 2 19053 4 a0 0530 [9976.71350
40 1451754199 3 435526 50 0.64 [27005.0883
30 16938 78843 3 J0816.4 40 077 [38927.5042
60 11968 25480 2 23036.5 30 0.87 [20720.6255
70 0808.788709 3 20426 4 20 0.94 | 27651.7391
80 8077040032 3 242311 10 0.98 [23862.9040
af 7604205257 1 T604.21 0 1.00 | 760420526
¥ 176746.0435
Volume of Immersed= 1338.298 cu. m
Volume of Emerged= 309.994 cu. m
Mew Volume= 1514.604 Ccu. m
Moment= 4102.904 m®
BR= 2.700 m
BG=KG-KB= 2.513 m
BGsinG = 2.513 m
GZ=BR-BGsing= 0.196 m
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0.15871

0.388335

0.447887

0.264113

0.035301

-0.26415

-0.55011

-0.82497

-1.06618

0.21523

0.339079

0.424419

0.306108

0.133655

-0.08

-0.29387

-0.51865

-0.72

0.094773

0.137608

0.261845

0.322355

0.281661

0.217463

0.116519

0.00079

-0.13151
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Stability curves
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halfload
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Loaded Waterline
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lightship

Criterias Required Value | Actual Value | Remarks

Up to 30 degree >(0.055 0.13 PASS

From 30 to 40 degree =>0.03 0.06 PASS

Area under GZ curve

Up to 40 degree >0.09 0.19 PASS

Max GZ atanangel | >25 degree 30 PASS
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halfload
Criterias Required Value | Actual Value | Remarks
E Up to 30 degree >0.055 0.11 PASS
E righting lever 30° >0.2 0.40 PASS
Z| upromsegee | 5009 | 0.16 | PASS
Max GZ atanangel | =25 degree 30 PASS
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Loaded Waterline

Criterias Required Value | Actual Value | Remarks

Up to 30 degree >(0.055 0.07 PASS

righting lever 30° =0.2 0.26 PASS

Area under GZ curre

Up to 40 degree =0.09 0.11 PASS

Max GZ at an angel =25 degree 40 PASS

Trim Calculation
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Length=73.8 m

L. C.B=-.12 m
L.C.G.=-1.03 m

Loaded displacement= 3150 tons
MCTC=(WxGML)/100L
=53.35 tonm/cm

LC.F.=-9m
V.C.G=3.01m
BML=125
Draft at displacement= 4 m
Change of trim=Trimming moment/MCTC
=(1.03-.12)*3150/53.35
=53.7 cm

Change of draft aft=(l/L)change of trim
=((73.8/2-.9)/73.8)x53.7
=26.2 cm

So change in forward draft=(53.7-26.2)
=27.5cm

Resulting draft =(4+.26)=4.26 m aft

Forward draft=(4-.275)=3.725 m forward

Hence trimmed by stern

Reference
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Elements of ship design by R.Munro & Smith
Practical ship design by David G.M. Watson

Resistance and propulsion of ships by SV. AA. Harvald
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Rules and guidelines 2008 (GL)

Rules and guidelines (ABS)

Ship stability for Masters and Mates by D. R. Derret
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