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1. INTRODUCTION

Yachts have long stood as icons of luxury, power, and exclusivity, blending the finest elements
of art, engineering, and craftsmanship. The design of a yacht requires a thoughtful balance
between aesthetics, functionality, performance, and safety. In recent years, the demand for
luxury yachts has surged, with clients seeking larger, more sophisticated vessels that integrate
the latest advancements in technology and comfort.

Designing a yacht begins with a thorough analysis of its requirements, considering the owner's
preferences, the needs of the guests, the vessel's intended use, and the desired performance
characteristics. The design must also incorporate state-of-the-art propulsion systems, cutting-
edge navigation technology, and advanced onboard systems, while utilizing the latest materials
and construction techniques.

This thesis focuses on the preliminary design of a 26-meter motor yacht, with key calculations
including resistance, scantling, stability, and power requirements. Additionally, special
attention will be given to the HVAC systems to ensure maximum onboard comfort. The design
process will leverage computer-aided design (CAD) and analysis tools to optimize the yacht's
performance, safety, and comfort.

The primary objective of this thesis is to create a comprehensive design for a 26-meter luxury
motor yacht that aligns with the demands of today’s high-end market. The design will
emphasize not only technological sophistication and visual appeal but also environmental
sustainability and responsible design practices. The final design will serve as a detailed
blueprint for a yacht that is technologically innovative, visually captivating, and
environmentally conscious.
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2. MARKET ANALYSIS:

Before starting the design, it is essential to conduct market research on vessels with similar
dimensions. This research will help us gauge the market potential for our yachts and give us
insights into the key dimensions and layouts that will shape our design. Additionally, it will
help us identify components that can make our vessel stand out and be more competitive.

For this study, I have analyzed both commercial and naval vessels with comparable dimensions.
By examining both sectors, we can adopt a collaborative approach that balances form and
function, ultimately bringing our design to life.

Chess Yacht

Chess has a GRP hull and a GRP superstructure. She is powered by Twin MAN or MTU
engines with up to 3,600 HP, which give her a top speed of 31 knots. Up to 8 guests can be
accommodated on board the superyacht, Tor, and she also has accommodation for 3 to 4 crew
members, including the ship's captain.

LOA 25.12 m
LWL 20.5m
BEAM 6m
DRAFT max 2m
GUESTS 8

CREW MEMBERS |3

DISPLACEMENTS [97 tons
MAX SPEED 31 Kn

CRUISE SPEED 22 Kn
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Pershing 82

The Pershing 82 is a high-performance luxury yacht built by Pershing, known for its sporty
design and superior speed. Pershing 82 has a GRP hull. She is powered by twin MTU 16V
2000 MO96L engines, which give her a top speed of 45 knots.

LOA 24.99 m
LWL 21.8 m
BEAM 5.5 m
DRAFT max 1.4m
GUESTS 3
CREW 3
MEMBERS
DISPLACEMEN 58 tons
TS

MAX SPEED 45 Kn
CRUISE SPEED 22 Kn
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Princess S78 (2021)

The Princess S78 is a sport bridge yacht that blends performance with luxury. she offers
accommodation for 8 guests in 4 staterooms, including a full-beam master suite. Powered by
twin MAN V12 engines that generate up to 3,800 horsepower, the yacht achieves impressive
speeds of up to 39 knots, making it one of the faster yachts in its class. Its GRP hull and sleek
design ensure smooth cruising, while the large open spaces on the flybridge.
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LOA 24.66 m

LWL 22.54 m
BEAM 5.76 M
DRAFT max 1.77m
GUESTS 8

CREW MEMBERS 3
DISPLACEMENTS [54 tons
MAX SPEED 39 Kn

CRUISE SPEED 30 Kn
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2.1 COMPARISON OF AREAS

A comparison of the main areas for the three selected yachts. Was conducted to gain insights
into market trends and general requirements. The analysis of a few key areas is presented
below.
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3. GENERAL ARRANGEMENT

After finalizing the principal dimensions, the hull was modelled using Rhinoceros 3D software.
From this model, the lines plan was generated, which served as the basis for the General
Arrangement (GA) of the yacht. Main bulkhead locations were determined with consideration
for damaged stability and the spatial requirements of various rooms.

The engine room is smaller compared to other vessels, allowing for a spacious owner's cabin
and a VIP cabin on the lower deck, each equipped with a private WC for added privacy and
comfort. Additionally, there are two twin guest rooms for any accompanying guests. Crew
cabins are in the aft area, accessible from the main deck through a hatch. The aft section
includes a tender area and provides crew access to the engine room.

On the main deck, the aft section is designed for relaxation, featuring sofas and a sunbed where
guests can unwind while enjoying the view. The wheelhouse and console are also located on
the main deck and can be accessed via staircases from both sides.

Wheelhouse on the sun deck equipped with sun loungers and an open dining table, providing
the perfect setting for guests to enjoy their aperitifs with a view.

Overall, "ACQUA,” has been thoughtfully designed as the ideal vacation yacht for those who
love to explore.

According to the created graphs and trend lines, the following dimensions are chosen:
Loa=26.17m
LwrL=24.76 m
Boa=5.65m
A=59t
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4. PRELIMINARY RESISTANCE CALCULATIONS:

Introduction:

The forces resisting the movement of a ship's hull arise from both the hull's characteristics and
the properties of the surrounding water. There are several established methods for predicting
this resistance during the design phase. Among the most common are Computational Fluid
Dynamics (CFD), model testing, the Savitsky method, and the Holtrop & Mennen approach.

CFD is widely used across various fields involving fluid flow, including ship design. This
method is particularly beneficial when dealing with complex fluid dynamics. While it used to
be challenging to accurately simulate free surface effects in CFD, advancements in the
technology have significantly improved the accuracy of results. Compared to model testing,
CFD is more cost-effective and less time-consuming, which has led to its growing popularity
in ship design. However, model tests using scale models in towing tanks remain the gold
standard for accuracy, though they come with significantly higher costs.

The Savitsky method and the Holtrop & Mennen method are semi-empirical approaches
tailored for specific hull types—planing hulls and displacement hulls, respectively. These
methods are simple to implement, and they are more affordable and faster than both CFD and
model testing. Nevertheless, they are based on relatively basic hull forms and are, therefore,
limited to designs that closely resemble these shapes. When dealing with more complex hull
geometries, alternative prediction tools are required.

Savitsky Method:

Daniel Savitsky was the first to scientifically approach the problem of planning hull
dynamics and has set up a model to resolve the equilibrium of the governing forces.

Two steps were adopted to carry out the resistance prediction.

e Stepl: It was initially decided to change the center of gravity's (COG) position
longitudinally (40%,35%,33%) while maintaining a constant displacement to carry out
the resistance calculation.

e Step 2: The displacement was then changed while maintaining the center of gravity’s
(COQG) location.

11
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CASE 1-LCG 40% CASE 1 LCG-40%

calculation outcomes

Hull Hull A OK
Casevalue 1
Displacement disp0 kg] = 30000
B beta (deadrise angle at the midc  [°] = 15
Bt betat (deadrise at the transom)  [°] = 15
LCG leg0 [m]= 98 40%
B b (maximum width atthech [ m] = 5.97
Run Calculation
Br bt (width of chine at transorr [ m] = 5.65
Frontal surface exposed to arexp mj = 45
Wet surface of the skeg Wsskeg mi = 0
\Wet length of the skeg Lskeg [m] = 0
Number of flaps flap = 0
Tab Span flapsp [m] = 0
Tab Chord flapch [m] = 0
Tab Location flaplo (+=AD from transom) [ m] = 0
Tab Angle flapan [ = 0
Adding to roughness of hul hullrg = 0.0004
Appendices of hull (bielica hullapn {1=included O=excluded} = 0
Significant height of Hs wa' hs [m] = 0
Length of the chine Lp proj Ich [m] = 2476
\Wind speed WS [kn] = 0
Initial speed vi [kn] = 15
Final speed vf [kn] = 55 Num.Ve Max.
Interval Speed dv [kn] = 25 17 25
\Y% \4 Cv Fny L e A Lx Lc Lm d LCGeM *05 Ren  Rapp Rsk Raa  Reiap Raw Ry Ry EHP EHP’
[kn]  [mis] 1 [] [l [m] [m] [m] [m] [kg]  [kal  [kg] ko] [kg]  [kal [ka] [kN] [CV] [kw]
15.0 7.7 1009 1.404 13 9.7 4378 37.456 14814 26135 0.842 9.800 1200 2207 0 0 92 0 0 2298.89548 22.54 237 174
17.5 9.0 1177 1638 14 7.8 4173 35326 14496 24.911 0.863 9.800 1.183 2632 0 0 125 0 0 2756.70426 27.03 331 243
20.0 103 1345 1872 15 6.5 3944 33089 14.007 23548 0.883 9.800 1141 2995 0 0 163 0 0 3158.64666 30.98 433 319
225 116 1513 2106 17 55 3704 30.874 13.355 22114 0.897 9.800 1.100 3327 0 0 207 0 0 3533.75484 34.65 545 401
250 129 1681 2339 18 48 3469 28838 12577 20.708 0.903 9.800 1.066 3642 0 0 255 0 0 3897.15856 38.22 668 492|
215 141 1849 2573 19 42 3254 27.125 11733 19.429 0.897 9.800 1.041 3949 0 0 309 0 0 4258.11706 41.76 803 591
30.0 154 2017 2807 20 38 3073 25803 10.883 18343 0.880 9.800 1024 4258 0 0 368 0 0 4625.35088 45.36 952 700]
325 16.7 2185 3.041 20 34 2925 24857 10.065 17.461 0.855 9.800 1.012 4577 0 0 431 0 0 5007.89077 49.11 1116 821
35.0 18.0 2353 3275 20 31 2807 24229 9291 16760 0.825 9.800 1.004 4913 0 0 500 0 0 s413.59382 53.09 1300 956
37.5 19.292 2.521 3.509 1.907 2.807 2714 23.850 8.559 16.205 0.794 9.800 0.999 5273.806 0.000 0.000 574.316 0.000 0.000 sgas.12174 57.350 1504.267 1106.386)
40 20.578 2.689 3.743 1.846 2.585 2.640 23.662 7.864 15.763 0.762 9.800 0.996 5661.548 0.000 0.000 653.444 0.000 0.000 6314.9918 61.929 1732.646 1274.359
425 21.864 2.857 3.977 1776 2.394 2.581 23.618 7.196 15.407 0.732 9.800 0.994 6078.444 0.000 0.000 737.677 0.000 0.000 6816.12116 66.843 1987.025 1461.455
45 23.150 3.026 4.211 1702 2.228 2532 23.686 6.549 15.118 0.703 9.800 0.992 6525.372 0.000 0.000 827.015 0.000 0.000 7352.38761 72.102 2269.437 1669.168
47.5 24436 3.194 4.445 1627 2.084 2492 23.841 5918 14.879 0677 9.800 0.991 7002.588 0.000 0.000 921.458 0.000 0.000 7924.04685 77.708 2581.772 1898.890)
50 25.722 3.362 4.679 1.554 1956 2.459 24.064 5298 14.681 0.653 9.800 0.991 7509.998 0.000 0.000 1021.007 0.000 0.000 8531.00424 83.661 2925.818 2151.936
52.5 27.008 3.5298 4.9129 1.4839 1.8434 2.4311 24.342 4.6856 14.514 0.6304 9.8 0.9906 8047.321 [ 0 1125.66 0 0 917298047 89.956209 3303.29 2429.57
55 28.294 3.6979 5.1468 1.417 1.7427 2.4073 24.664 4.0795 14.372 0.6099 9.8 0.9904 8614.191 0 0 123542 0 0 9849.60863 96.591665 3715.86 2733.01
CASE 2-LCG 35% calculation outcomes
Hull Hull B OK
Casevalue 2
Displacement dispo [kg] = 30000
B beta (deadrise angle at the mid:  [°] = 15
Bt betat (deadrise at the transom)  [°] = 15
LCG lcg0 [m] = 8.57 35% from aft
B b (maximum width atthect [ m] = 5.97
Run Calculation
Br bt (width of chine at transon [ m] = 5.65
Frontal surface exposed to i arexp m] = 45
Wet surface of the skeg Wsskeg m? = 0
Wet length of the skeg Lskeg [m] = 0
Number of flaps flap = 0
Tab Span flapsp [m] = 0
Tab Chord flapch [m] = 0
Tab Location flaplo (+=AD from transom) [ m] = 0
Tab Angle flapan = 0
Adding to roughness of hul hullrg = 0.0004
Appendices of hull (bielica hullapn {1=included O=excluded} = 0
Significant height of Hs wa:  hs [m] = 0
Length of the chine Lp proj Ich [m] = 2476
Wind speed S [kn] = 0
Initial speed vi [kn] = 15
Final speed vf [kn] = 55 Num.Ve Max.
Interval Speed dv [kn] = 25 17 25
\% \Y% Cv  Fny T Tc Lk Lc Ly 300 LCGeM™*0.5 Rgy Rapp Rsk Ran Retap Raw Ry Ry EHP  EHP
[kn]  [mis] [ [7] [ml[m] [m] [m] [m] [kg]  [kg]  [kg] [kg] [kg] [kg] [ka] kNI [CV]  [kwW]
15.0 7.7 1009 1.404 18 10.4 3675 29.848 14.035 21941 0961 8570 1.139 2233 0 0 92 0 0 23245609 22.80 239 176
175 9.0 1177 1638 20 8.4 3448 27.758 13.416 20.587 0.985 8570 1137 2637 0 0 125 0 0 2762.5291 27.09 332 244
20.0 103 1345 1872 22 70 3208 25675 12.630 19.153 1.001 8570 1.108 2974 0 0 163 0 0 31375444 30.77 430 317,
225 11.6 1513 2106 2.4 59 2976 23797 11.738 17.767 1.004 8570 1.077 3266 0 0 207 0 0 34723457 34.05 536 394
250 129 1681 2339 25 52 2773 22285 10.825 16555 0.989 8570 1051 3524 0 0 255 0 0 3779.3704 37.06 648 477
275 141 1849 2573 26 45 2609 21.191 995 15574 0.959 8570 1.032 3763 0 0 309 0 0 4072.2491 39.94 768 565
30.0 154 2017 2807 26 40 2481 20467 9.158 14.812 0921 8570 1.018 3999 0 0 368 0 0 4366.9252 42.82 899 661,
325 16.7 2185 3.041 25 3.6 2384 20.033 8426 14230 0.878 8570 1008 4246 0 0 431 0 0 4677.2823 45.87 1043 767
350 180 2353 3275 24 33 2308 19.814 7.748 13781 0.835 8570 1.002 4513 0 0 500 0 0 5012.7969 49.16 1203 885
37.5 19.292 2.5213 3.5092 2.3059 3.0265 2.2498 19.754 7.1088 13.431 0.7948  8.57 0.9975 4804.6 0 0 574.32 0 0 5378.9363 52.7493454 1383.6 1017.6|
40 20.578 2.6894 3.7432 2.1903 2.7871 2.2034 19.811 6.4977 13.154 0.7571 8.57 0.9948 5125 0 0 653.44 [ 0 s5778.4262 56.6670037 1585.4 1166.1
42.5 21.864 2.8575 3.9771 2.0754 2.5813 2.1661 19.957 5.9061 12.932 0.7227 8.57 0.9931 5474.7 0 0 737.68 0 0 6212355 60.9223913 1811 1332
45 2315 3.0255 4.2111 1.9646 2.4029 2.1357 20.172 5.328 12.75 0.6915  8.57 0.9919 5853.9 0 0 827.02 0 0 6680.9073 65.5173198 2062.2 1516.7|
47.5 24.436 3.1936 4.445 1.8597 2.2469 2.1105 20.441 4.759 12.6 0.6634  8.57 0.9912 6262.3 0 0 921.46 0 0 7183802 70.4490322 2340.6 1721.5
50 25.722 3.3617 4.679 1.7615 2.1095 2.0895 20.753 4.1961 12.474 0.6379  8.57 0.9908 6699.5 0 0 1021 0 0 77205392 75.7126261 2647.9 1947.5
52.5 27.008 3.5298 4.9129 1.6702 1.9878 2.0717 21.099 3.6371 12.368 0.615  8.57 0.9905 7164.9 0 0 11257 0 0 8290.5354 81.3023793 2985.5 2195.8
55 28.294 3.6979 5.1468 1.5856 1.8793 2.0566 21.475 3.0805 12.278 0.5942  8.57 0.9903 7657.8 0 0 12354 0 0 8893.1941 87.2124423 3355 2467.6)
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CASE 3-LCG 33%

calculation outcomes

Hull HullC OK
Casevalue 3
Displacement disp0 [kg] = 30000
B beta (deadrise angle at the mid  [°] = 15
Bt betat (deadrise at the transom)  [°] = 15
LCG lcgo [ m] = 8.085 33% from aft
B b (maximum width atthect[ m] = 5.97
Run Calculation
Br bt (width of chine at transon [ m] =  5.65
Frontal surface exposed to i arexp mi = 45
Wet surface of the skeg Wsskeg [mz] = 0
Wet length of the skeg Lskeg [m] = 0
Number of flaps flap = 0
Tab Span flapsp [m] = 0
Tab Chord flapch [m] = 0
Tab Location flaplo (+=AD from transom) [ m] = 0
Tab Angle flapan [ = 0
Adding to roughness of hul hullrg = 0.0004
Appendices of hull (bielica hullapn {1=included O=excluded} = 0
Significant height of Hswa  hs [m] = 0
Length of the chine Lp proj Ich [m] = 2476
Wind speed ws [kn] = 0
Initial speed vi [kn] = 15
Final speed vf [kn] = 55 Num.Ve Max.
Interval Speed dv [kn] = 25 17 25
A% \% Cv  Fny T Tc Lx Lc (V) d LCGeM*0.5 Rgy Rapp Rsk  Raa Rear  Raw Ry Ry EHP EHP
[kn]  [mis] [ [ml [m] [m] [m] [m] [kg]l  [kg]  [kg] [kg] [kg]  [ka] [kal [kN][CV]  [kw]
15.0 7.7 1009 1.404 22 108 3393 26,993 13517 20.255 1.019 8.085 1117 2299 0 0 92 0 0 239057473 23.44 246 181
175 90 1177 1.638 24 8.7 3159 24.937 12777 18857 1.043 8.085 1120 2704 0 0 125 0 0 2829.26188 21.75 340 250
200 103 1345 1872 2.6 7.2 2919 22965 11.891 17.428 1.055 8.085 1.096 3033 0 0 163 0 0 3196.48638 31.35 439 323
225 116 1513 2106 2.8 6.1 2700 21.290 10.948 16.119 1.047 8.085 1.069 3304 0 0 207 0 0 351095411 34.43 542 399
250 129 1681 2339 29 53 2519 20.033 10.039 15036 1.019 8085 1.046 3531 0 0 255 0 0 3786.70047 37.13 649 478
215 141 1849 2573 29 47 2378 19.186 9.208 14197 0.978 8085 1028 3735 0 0 309 0 0 404361412 39.65 763 561|
30.0 154 2017 2807 29 42 2272 18.668 8.460 13.564 0.930 8085 1015 3935 0 0 368 0 0 430263871 4219 885 651|
325 167 2185 3.041 27 3.8 2192 18394 7.777 13085 0.881 8.085 1.007 4148 0 0 431 0 0 457951124 4491 1021 751
350 180 2353 3275 2.6 34 2130 18295 7.143 12719 0.834 8.085 1.001 4383 0 0 500 0 0 4883.71997 47.89 1172 862
37.5 19.292 2.5213 3.5092 2.4744 3.1273 2.0827 18.325 6.5421 12.434 0.7912 8.085 0.9969 4645.8 0 0 574.32 0 0 522015321 51.192216 1342.7 987.583
40 20.578 2.6894 3.7432 2.3354 2.8799 2.0448 18.45 5.9647 12.207 0.7518 8.085 0.9944 4937.5 0 0 653.44 0 0 5590.91337 54.828131 1534 1128.24
42.5 21.864 2.8575 3.9771 2.2016 2.6673 2.0143 18.648 54029 12.025 0.7164 8.085 0.9928 5258.9 0 0 737.68 0 0 5996.57622 58.806324 1748.1 1285.73
45 23.15 3.0255 4.2111 2.0755 2.483 1.9894 18.902 4.8514 11.877 0.6846 8.085 0.9918 5609.9 0 0 827.02 0 0 6436.93883 63.124806 1986.9 1461.34
47.5 24.436 3.1936 4.445 1.9581 2.3218 1.9687 19.2 43065 11.753 0.656 8.085 0.9911 5990 0 0 921.46 0 0 69114343 67.778017 2251.8 1656.23
50 25.722 3.3617 4.679 1.8495 2.1798 1.9515 19.535 3.7658 11.65 0.6305 8.085 0.9907 6398.3 0 0 1021 0 0 741935273 72.758995 2544.6 1871.52
52.5 27.008 3.5298 4.9129 1.7495 2.054 1.9368 19.898 3.2274 11.563 0.6075 8.085 0.9904 6834.3 0 0 1125.7 0 0 795095494 78.060492 2866.5 2108.28
55 28.294 3.6979 5.1468 1.6576 1.9419 1.9243 20.286 2.6904 11.488 0.5868 8.085 0.9903 7297.1 0 0 12354 0 0 85325283 83.675519 3219 2367.55
Trim vs Speed
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CASE 1-DISP325T

calculation outcomes

Hull Hull A OK
Casevalue 1
Displacement disp0 kg] = 32500
B beta (deadrise angle at the midc  [°] = 15
Bt betat (deadrise at the transom)  [°] = 15
LCG leg0 [m] = 857 35%
B b (maximum width atthech [ m] = 5.97
Run Calculation
Br bt (width of chine at transorr [ m] = 5.65
Frontal surface exposed to arexp mj = 45
Wet surface of the skeg Wsskeg mi = 0
\Wet length of the skeg Lskeg [m] = 0
Number of flaps flap# = 0
Tab Span flapsp [m] = 0
Tab Chord flapch [m] = 0
Tab Location flaplo (+=AD from transom) [ m] = 0
Tab Angle flapan [1= 0
Adding to roughness of hul hullrg = 0.0004
Appendices of hull (bielica hullapn {1=included O=excluded} = 0
Significant height of Hs wa hs [m] = 0
Length of the chine Lp proj Ich [m] = 2476
Wind speed ws [kn] = 0
Initial speed vi [kn] = 15
Final speed vf [kn] = 55 Num.Ve Max
Interval Speed dv [kn] = 25 17 25
\Y% \4 Cv Fny L e A Lx Lc Lm d LCGeM *05 Ren  Rapp Rsk Raa  Reiap Raw Ry Ry EHP EHP’
[kn]  [mis] ] [ [l [m] [m] [m] [m] [kg]  [kal  [kg] ko] [kg]  [kal [ka] [kN] [CcV] [kw]
15.0 7.7 1009 1.385 20 110 3675 29.329 14554 21941 1010 8570 1137 2403 0 0 92 0 0 2494.46512 24.46 257 189
17.5 9.0 1177 1616 22 8.9 3448 27291 13.883 20.587 1.036 8570 1.139 2833 0 0 125 0 0 2958.36772 29.01 355 261
20.0 103 1345 1.847 24 74 3208 25255 13051 19.153 1053 8570 1112 3188 0 0 163 0 0 33509212 32.86 460 338
225 116 1513 2.078 2.6 6.3 2976 23412 12123 17.767 1.055 8570 1.081 3490 0 0 207 0 0 3696.59567 36.25 571 420
250 129 1681 2308 27 54 2773 21922 11188 16555 1039 8570 1.054 3752 0 0 255 0 0 4007.59897 39.30 687 505
215 141 1849 2539 28 48 2609 20.838 10.309 15574 1.007 8570 1.034 3989 0 0 309 0 0 4297.94668 42.15 811 596
30.0 154 2017 2770 27 43 2481 20115 9510 14812 0965 8570 1.020 4218 0 0 368 0 0 4585.21784 44.97 944 694
325 16.7 2185 3.001 27 3.8 2384 19675 8784 14230 00919 8570 1.009 4454 0 0 431 0 0 4885.27985 47.91 1089 801
35.0 18.0 2353 3232 2.6 35 2308 19446 8117 13781 0.873 8570 1003 4709 0 0 500 0 0 5209.19224 51.08 1251 920
37.5 19.292 2.521 3.463 2454 3.186 2250 19.371 7.492 13.431 0.830 8.570 0.998 4989.132 0.000 0.000 574.316 0.000 0.000 5563.44809 54.559 1431.042 1052.530)
40 20.578 2.689 3.694 2330 2933 2203 19412 6.897 13.154 0.789 8570 0.995 5297.916 0.000 0.000 653.444 0.000 0.000 5951.36044 58.363 1632.877 1200.979
425 21.864 2.857 3.924 2207 2715 2.166 19.539 6.324 12.932 0.752 8.570 0.993 5636.643 0.000 0.000 737.677 0.000 0.000 6374.31982 62.511 1858.232 1366.727,
45 23.150 3.026 4.155 2.088 2.526 2.136 19.734 5.766 12.750 0.719 8.570 0.992 6005.628 0.000 0.000 827.015 0.000 0.000 683264379 67.005 2109.009 1551.174
47.5 24436 3.194 438 1975 2361 2.111 19.983 5217 12.600 0.689 8570 0.991 6404.630 0.000 0.000 921.458 0.000 0.000 7326.08821 71.844 2386.948 1755.597
50 25.722 3.362 4.617 1.870 2216 2.090 20.273 4.675 12.474 0.661 8570 0.991 6833.132 0.000 0.000 1021.007 0.000 0.000 7854.13841 77.023 2693.678 1981.197
52.5 27.008 3.5298 4.8478 1.7718 2.087 2.0717 20.598 4.1381 12.368 0.6369 8.57 0.9906 7290.51 [ 0 1125.66 0 0 841616971 82.534431 3030.76 2229.12
55 28.294 3.6979 5.0786 1.6812 1.9722 2.0566 20.952 3.6035 12.278 0.6147 8.57 0.9904 7776.115 0 0 123542 0 0 g011.53274 88.372948 3399.68 2500.46
CASE 2-DISP 35T calculation outcomes
Hull Hull B OK
Casevalue 2
Displacement disp0 [kg] = 35000
B beta (deadrise angle at the mid  [°] = 15
Bt betat (deadrise at the transom)  [°] = 15
LCG lcg0d [m] = 8.57 35% from aft
B b (maximum width atthe ct [ m] = 5.97
. . Run Calculation
Br bt (width of chine at transon [ m] = 5.65
Frontal surface exposed to i arexp m? = 45
Wet surface of the skeg ~ Wsskeg m7 = 0
Wet length of the skeg Lskeg [m] = 0
Number of flaps flap# = 0
Tab Span flapsp [m] = 0
Tab Chord flapch [m] = 0
Tab Location flaplo (+=AD from transom) [ m] = 0
Tab Angle flapan [1= 0
Adding to roughness of hul hullrg = 0.0004
Appendices of hull (bielica hullapn {1=included O=excluded} = 0
Significant height of Hs wa  hs [m] = 0
Length of the chine Lp proj Ich [m] = 2476
Wind speed ws [kn] = 0
Initial speed vi [kn] = 15
Final speed vf [kn] = 55 Num.Ve Max.
Interval Speed dv [kn] = 25 17 25
v v Cv  Fny T e A Lk Lc Lm 300 LCGeM*05 Rgy Rapp Rsk Raa Rear Raw Rr Rr EHP  EHP
[kn]  [mis] [] [ [m] [m] [m] [m] [m] [kal ~ [kg] ~ [ka]l [kg] [kl  [kg] [kal [kN] - [CV]  [kw]
15.0 7.7 1009 1.368 21 116 3675 28877 15006 21.941 1.059 8570 1134 2583 0 0 92 0 0 2675.0496 26.23 275 202
175 9.0 1177 1596 23 9.3 3448 26.885 14.289 20.587 1.086 8570 1.140 3042 0 0 125 0 0 3167.0432 31.06 380 280|
20.0 103 1345 1824 25 7.8 3208 24888 13417 19.153 1104 8570 1115 3415 0 0 163 0 0  3578.559 35.09 491 361
22.5 116 1513 2052 2.7 6.6 2976 23076 12.459 17.767 1106 8.570 1.084 3729 0 0 207 0 0 3935973 38.60 607 447
250 129 1681 2280 25 57 2773 21605 11505 16.555 1.088 8570 1.057 3996 0 0 255 0 0 42512606 41.69 729 536
215 141 1849 2508 29 50 2609 20.530 10.617 15574 1053 8570 1.036 4230 0 0 309 0 0 4538.8718 4451 856 630|
30.0 154 2017 2736 29 45 2481 19.808 9.817 14.812 1.008 8570 1.021 4451 0 0 368 0 0 4818.1678 47.25 991 729
325 167 2185 2964 28 40 2384 19362 9.097 14.230 0.959 8570 1011 4676 0 0 431 0 0 5107.1629 50.08 1139 837,
35.0 18.0 2353 3192 27 3.7 2308 19.123 8439 13781 0910 8570 1004 4918 0 0 500 0 0 s418.6219 53.14 1301 957]
37.5 19.292 2.5213 3.4202 2.6012 3.3428 2.2498 19.035 7.8273 13.431 0.8639 8.57 0.9989 5185.8 0 0 574.32 0 0 5760.1377 56.4876543 1481.6 1089.7|
40 20.578 2.6894 3.6482 2.4681 3.0756 2.2034 19.061 7.2477 13.154 0.8208  8.57 0.9958 5482.2 0 0 653.44 0 0 61356495 60.1701669 1683.4 1238.2
42.5 21.864 2.8575 3.8762 2.3361 2.8461 2.1661 19.172 6.6909 12.932 0.7815 8.57 0.9937 5809.2 0 0 737.68 [ 0 6546.868 64.2028429 1908.5 1403.7|
45 23.15 3.0255 4.1042 2.2091 2.647 2.1357 19.35 6.15 12.75 0.7459  8.57 0.9924 6167.2 0 0 827.02 0 0 6994.2501 68.5901623 2158.9 1587.9
47.5 24.436 3.1936 4.3323 2.0889 2.473 2.1105 19.58 5.6199 12.6 0.7137  8.57 0.9915 6556.1 0 0 921.46 0 0 7477589 73.3300978 2436.3 1791.9
50 25.722 3.3617 4.5603 1.9766 2.3198 2.0895 19.851 5.0972 12.474 0.6847 8.57 0.991 6975.3 0 0 1021 0 0 7996.3527 78.4174324 2742.5 2017.1
52.5 27.008 3.5298 4.7883 1.8722 2.1841 2.0717 20.157 4.5794 12.368 0.6585 8.57 0.9906 7424.2 0 0 1125.7 0 0 8549.8717 83.8455994 3078.9 2264.5
55 28.294 3.6979 5.0163 1.7755 2.0631 2.0566 20.491 4.0647 12.278 0.6349  8.57 0.9904 7902 0 0 12354 0 0 9137.4393 89.6076695 3447.2 2535.4|
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CASE 3-DISP 375 T

calculation outcomes

Hull HullC OK
Casevalue 3
Displacement disp0 [kg] = 37500
B beta (deadrise angle at the mid  [°] = 15
Bt betat (deadrise at the transom)  [°] = 15
LCG lcgo [ m] = 857 35% from aft
B b (maximum width at the ct[ m] = 5.97
Run Calculation
B, bt (width of chine at transor [ m] =  5.65
Frontal surface exposed to i arexp mi = 45
Wet surface of the skeg Wsskeg [mz] = 0
Wet length of the skeg Lskeg [m] = 0
Number of flaps flap# = 0
Tab Span flapsp [m] = 0
Tab Chord flapch [m] = 0
Tab Location flaplo (+=AD from transom) [ m] = 0
Tab Angle flapan [ = 0
Adding to roughness of hul hullrg = 0.0004
Appendices of hull (bielica hullapn {1=included O=excluded} = 0
Significant height of Hswa  hs [m] = 0
Length of the chine Lp proj Ich [m] = 2476
Wind speed ws [kn] = 0
Initial speed vi [kn] = 15
Final speed vf [kn] = 55 Num.Ve Max.
Interval Speed dv [kn] = 25 17 25
A\ \% Cv  Fny T Tc Lk Lc Ly d LCGeM*0.5 Rgy Rapp Rsk  Raa Reap Raw Ry Ry EHP EHP
[kn]  [mis] 1 [ml [ml[m] [m] [m] [ka]l  [kg] [kg] [kg] [kg]  [ka] [kal [kN] [CV]  [kw]
15.0 7.7 1009 1.352 22 122 3675 28481 15402 21.941 1108 8570 1131 2774 0 0 92 0 286612352 28.11 295 217|
175 90 1177 1578 25 9.8 3448 26528 14.646 20.587 1136 8570 1.141 3263 0 0 125 0 0 3388.44701 3323 407 299
200 103 1345 1.803 27 81 3208 24566 13.739 19.153 1154 8570 1118 3657 0 0 163 0 0 382039088 37.47 524 385
225 116 1513 2029 2.9 6.9 2976 22.780 12755 17.767 1156 8570 1.087 3984 0 0 207 0 0 4190.42468 41.09 647 476
250 129 1681 2254 31 6.0 2773 21.326 11.784 16555 1.136 8570 1.060 4255 0 0 255 0 0 451030004 4423 773 569
215 141 1849 2479 31 53 2609 20.258 10.889 15.574 1.099 8570 1.039 4486 0 0 309 0 0 4794.95948 47.02 904 665|
30.0 154 2017 2705 31 4.7 2481 19536 10.089 14.812 1051 8570 1023 4698 0 0 368 0 0 5065.69837 49.68 1042 767|
325 167 2185 2930 3.0 42 2384 19.086 9.374 14230 0.999 8570 1.012 4911 0 0 431 0 0 5342.84449 5240 1191 876
350 180 2353 3.156 29 3.8 2308 18.838 8725 13781 0.947 8570 1.005 5141 0 0 500 0 0 5640.9916 5532 1354 996
37.5 19.292 2.5213 3.3811 2.7464 3.4961 2.2498 18.739 8.1241 13.431 0.8979  8.57 0.9996 5394.6 0 0 574.32 0 0 5968.90658 58.534978 1535.3 1129.24
40 20.578 2.6894 3.6065 2.6046 3.2154 2.2034 18.751 7.5578 13.154 0.8521  8.57 0.9963 5677.7 0 0 653.44 0 0 6331.19334 62.087797 1737.1 1277.63
42.5 21.864 2.8575 3.8319 2.4642 2.9743 2.1661 18.848 7.0158 12.932 0.8104  8.57 0.9941 5992.2 0 0 737.68 0 0 6729.90014 65.997775 1961.9 1442.97
45 23.15 3.0255 4.0573 2.3292 2.7652 2.1357 19.009 6.4907 12.75 0.7726  8.57 0.9926 6338.6 0 0 827.02 0 0 7165.62877 70.270813 2211.8 1626.77|
47.5 24.436 3.1936 4.2827 2.2015 2.5825 2.1105 19.223 5.9773 12.6 0.7384  8.57 0.9917 6716.8 0 0 921.46 0 0 7638.20986 74.905251 2488.6 1830.39
50 25.722 3.3617 4.5081 2.0822 2.4216 2.0895 19.477 5.4717 12.474 0.7077  8.57 0.9911 7126.1 0 0 1021 0 0 81470012 79.895672 2794.2 2055.09
52.5 27.008 3.5298 4.7335 1.9713 2.2791 2.0717 19.765 4.9715 12.368 0.6799  8.57 0.9907 7565.9 0 0 1125.7 0 0 869155412 85.235029 3129.9 2302.06
55 28.294 3.6979 4.959 1.8687 2.152 2.0566 20.081 4.4746 12.278 0.6548  8.57 0.9904 8035.4 0 0 12354 0 0 927083033 90.915788 3497.5 2572.41
Trim vs Speed
14.0
12.0
= 10.0 =@==tau case 1
o .
w 8.0 ==@==tau cric case 1
()
©
‘5’ 6.0 ==@==tau case 2
K .
4.0 tau cric case 2
=@==1tau case 3
2.0
==@==tau cric case 3
0.0
15.0 175 20.0 225 250 275 300 325 350 375 40
V (kn)

Department of Naval Architecture, University of Genova (La Spezia Campus)

16



RT (N)

PE (CV)

70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

2000
1800
1600
1400
1200
1000
800
600
400
200

Resistance vs Speed

15.0 17.5 20.0 22.5 25.0 27.5 30.0 325 35.0 37.5 40

V (kn)

e casel case 2 case 3

Power vs Speed

150 175 200 225 250 275 30.0 325 350 375 40
V (kn)

Department of Naval Architecture, University of Genova (La Spezia Campus)

e Case 1
E— CaSe 2

— Cgse 3

17



5. SCANTLING CALCULATIONS:

The dimensions of all structures have been determined based on the guidelines outlined in the
Italian Naval Registry (RINA), specifically referring to chapter to RES part B. Concerning
the construction of composite hulls.

To be able to use the Rina sizing formulations. it is necessary to define the following
parameters:

* L. = Scantling length in meters (m) waterline with full load
* B = Maximum width/breadth in meters (m) outside

* D = Height measured in (m) vertically on the transverse section at mid length of L, from
construction line to deck beam straight line

*T = Draft in metres (m), measured at half-length of L, between maximum buoyancy under
full load and keel

* A = Displacement in ton (t) of the yacht at draught T
* V = Maximum design speed at displacement A
* Str=0.350+0.005*L Regulatory frame interval in metres (m)

* Stmax= 1.2*Sr Maximum frame spacing

Table showing the basic dimensions of the motorboat.

LH 26.17 m
LoA 26.17 m
Lwl 24.76 m
B 5.65m
T 1.2

D 3.81m
A 59T
Vmax 25kn
Blcg 15

Str 0.481
Stmax 0.576
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5.1 STRUCTURAL LAYOUT:

The boat features a longitudinal layout, in line with similar vessels identified in market
research. Compared to the transverse layout, this design is lighter and offers enhanced
resilience to longitudinal stresses. The placement of the bulkheads follows the general
arrangement plans, strategically positioned to avoid excessive increases in the dimensions of
longitudinal elements. The collision and other bulkheads are designed to be watertight and
constructed using sandwich technology, ensuring strength and durability.

In compliance with regulatory standards, the bottom structure utilizes single-skin laminates,
which are chosen for their ability to withstand the higher forces exerted in this region.
Meanwhile, the sides, deck, and superstructure are constructed using sandwich laminates.
These areas experience lower forces, allowing for a weight-saving design without
compromising structural integrity.

The structural arrangement of the boat includes four primary longitudinal girders in the bottom
section, providing essential support. The keel is reinforced according to regulations,
particularly in terms of required thickness and minimum width. Three additional longitudinal
girders are integrated into the cross structures for further reinforcement. To provide support, 12
transverse floors are incorporated into the bottom, with 12 ribs supporting the side panels. The
vessel also includes a total of four bulkheads.

The deck is supported by both longitudinal and transverse structures, which are extensions of
the side ribs. Similarly, the superstructure, constructed from sandwich laminates, is reinforced
by longitudinal rib rings, mirroring the hull's design.

This hierarchical structural arrangement ensures that pressures are efficiently transferred from
the outer plating to the underlying flooring, then to the longitudinal girders, and finally
distributed to the bulkheads, maintaining the integrity of the vessel under various operational
conditions.
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HULL STRUCTURAL ARRANGEMENTS
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5.2 PRESSURE CALCULATION

To determine the thickness of the plating and the section modulus of the members, it is required
to calculate the pressures operating on the bottom and the side prior to doing the actual sizing.

Bottom Pressure:

The first step is to use the calculations in the classification register to determine the pressures
operating on the bottom in KN/m 2. The bigger of the following figures must be used to
determine the calculating pressure for the bottom:

pl(hydrostatic pressure) = 0,24*L"0,5 *(1/ho/2T)+10*(ho+a*L)
p2(hydrodynamic pressure) = 15*(1+a0) *(A /(L * CS))*g*FL*F1*Fa
[p1 must never be less than 10*D(Depth)]
Where,
* L= Scantling length
* T= Draft
* h0= distance in meters between the PDR and the waterline at full load
» a= coefficient as a function of the longitudinal position of the pdr equal to 0.36 aft of 0.5L.
0.04/Cb-0.024 at the forward perpendicular (Ppav); linearly interpolated values for
intermediate positions.
* cb=A/(1.025*L*B*T)
* cs= edge-to-edge width, measured At 0.5L
* FI= longitudinal coefficient tabled according to the longitudinal position of the pdr.
* F1=(50-Bx)/(50-Plcg) where Bx is deadrise of the calculation section and Blcg is the
deadrise of the section at Icg. (Estimated at 6.5m from Ppad)
* Fa=0.30-0.15*log((1.43*A1*T)/A where Alis the area of the panel of each structural
member
» av= Kv * acg=maximum value of vertical acceleration
kv= it is tabulated according to the longitudinal position of the section
acg= 0.65 *cf
Where,
Cf=0,2+(0,6/V/L"0,5) > 0,32
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It can be noted that the different values of A1 have led to a significant difference in Fa
coefficients which in turn has varied the pressures, especially on the elements with a greater
span such as the longitudinal girders.

Pressure Distribution
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Bottom-Plating and Floors:

x/wl | Xp[m] | I[mm] | b{mm] | A[m2] | kv Av p h0 a FL F1 Fa  |P1 [Knim2P2 [Kn/m2|P3=10*D [Knim2]P [Knim2]

1 0.03 0685 | 1370 408 0.56 0.80 084 | 2250 0.65 0.036 053 1.00 057 16.1 58.8 380 58.8

2 009 | 225 | 1711 408 0.70 0.80 084 | 2250 0.67 0.036 0.60 1.00 0.55 163 64.8 380 64.3

3 015 | 37455 | 1329 408 0.54 0.80 084 | 2250 0.73 0.036 0.67 1.00 0.57 169 745 380 745

4 021 | 51525 | 1485 408 061 0.80 084 | 2250 0.73 0.036 071 1.00 0.56 169 78.0 380 780

5 0.26 6.42 1050 408 043 0.80 084 | 2250 0.77 0.036 078 1.00 0.59 173 89.1 380 89.1
sectionl| 6 0.30 745 1010 408 041 0.80 084 | 2250 0.80 0.036 0.83 1.00 0.59 175 95.2 380 -

7 0.35 8.65 1390 408 057 0.80 084 | 2250 0.80 0.036 0.90 1.00 0.57 175 99.6 380 99.6

8 0.40 9.945 | 1200 408 049 0.80 084 | 2250 0.83 0.036 0.95 1.00 0.58 178 107.1 380 107.1

9 0.45 1126 | 1430 408 0.58 091 095 | 23.00 0.89 0.042 1.00 0.98 057 19.7 1151 380 115.1

10 051 | 12.565 | 1180 408 048 101 106 | 2320 0.86 0.045 1.00 0.97 0.58 203 1233 380 133

1 0.56 1381 | 1310 408 053 112 117 | 2340 0.83 0.050 1.00 097 057 213 1212 380 1212
section2| 12 0.61 15 1070 408 044 121 127 | 2350 0.79 0.053 1.00 0.96 0.58 217 1356 380

13 065 | 16075 | 1080 408 044 130 136 | 2650 0.74 0.058 1.00 0.85 0.58 24 1249 380

14 070 | 17.295 | 1360 408 0.55 140 146 | 2850 067 0.060 1.00 0.78 057 23 116.2 380 1162

15 075 | 18595 | 1240 408 051 1.50 157 | 3250 0.54 0.064 0.90 0.64 057 219 89.9 380 89.9

16 081 | 1994 | 1450 | 408 | 059 | 161 | 168 | 4108 045 ] 0067 | 073 032 | 05 20 8.1 3.0 3.1

17 086 | 21.205 | 1080 408 044 17 179 | 4800 030 0.069 0.60 0.07 0.58 211 16 380 380
section3| 18 090 | 22308 | 1126 408 046 130 188 | 5000 0.25 0.054 0.50 0.05 0.58 169 45 380 380
Bottom Girders:

x/wl | Xp[m] | [[mm] | b[mm] | A[m2] | kv Av p ho a i8 F1 Fa [P [Kn/m2]P2 [Kn/m2|P3=10*D [Kn/m2JP [Kn/m2]

1 0.03 0685 | 1370 540 166 0.80 084 | 2250 0.65 0.036 0.53 1.00 050 16.1 514 380 514

2 0.09 2225 | 1711 540 1.66 0.80 0.84 22.50 067 0.036 0.60 1.00 0.50 16.3 58.2 380 58.2

3 0.15 37455 | 1329 540 2.09 0.80 0.84 2250 0.73 0.036 0.67 1.00 0.48 16.9 63.1 380 63.1

4 021 51525 | 1485 540 2.09 0.80 0.84 2250 0.73 0.036 0.71 1.00 0.48 16.9 66.8 380 66.8

5 0.26 6.42 1050 540 2.09 0.80 0.84 250 0.77 0.036 0.78 1.00 0.48 173 734 380 734
sectionl| 6 030 745 1010 540 21 0.80 0.84 250 0.80 0.036 0.83 1.00 047 175 754 380 -

7 035 8.65 1390 540 21 0.80 0.84 250 0.80 0.036 0.90 1.00 047 175 817 380 817

8 0.40 9.945 | 1200 540 212 0.80 0.84 250 0.83 0.036 0.95 1.00 047 178 86.4 380 86.4

9 045 1126 | 1430 540 21 091 0.95 23.00 0.89 0.042 1.00 0.98 047 19.7 9%.7 380 94.7

10 051 | 12.565 | 1180 540 134 101 106 | 2320 0.86 0.045 1.00 0.97 051 203 109.1 380 109.1

1 0.56 1381 | 1310 540 134 112 117 | 2340 0.83 0.050 1.00 0.97 051 213 1138 380
section2| 12 061 15 1070 540 335 121 127 | 2350 0.79 0.053 1.00 0.96 045 217 1048 380

13 0.65 16.075 | 1080 540 335 130 136 26.50 0.74 0.058 1.00 0.85 045 24 9%.7 380

14 0.70 17.295 | 1360 540 335 140 146 2850 0.67 0.060 1.00 0.78 0.45 23 923 380 923

15 0.75 18595 | 1240 540 335 150 157 | 3250 0.54 0.064 0.90 0.64 0.45 219 70.6 380 70.6

16 081 19.94 | 1450 540 335 161 168 | 4108 045 0.067 0.73 0.32 045 220 305 380 380

17 0.86 21.205 | 1080 540 119 1 179 | 48.00 030 0.069 0.60 0.07 0.52 211 6.7 380 380
section3| 18 0.90 22308 | 1126 540 119 1.80 18 | 50.00 0.25 0.054 0.50 0.05 0.52 16.9 40 380 380
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Side Pressure:

The calculation of a pressure p is also foreseen for the side defined by the classification register

pl= 66.25%(a+0.024)*0.15*L-h0

The value of this pressure must not be less than 10*h1, where hl is the distance between the

pdr and the highest continuous bridge

x/Lwl Xp [m] I[mm] | b[mm] | A[m2] hO a h1l P1 [Kn/m2] J0*h1 [Kn{P2 [Kn/m2]
1 0.03 0.685 1370 550 1.66 0.65 0.036 2.82 12.2 28.2 28.2
2 0.09 2.2255 1711 550 1.66 0.67 0.036 2.86 12.1 28.6 28.6
3 0.15 3.7455 1329 550 2.09 0.73 0.036 2.90 11.9 29.0 29.0
4 0.21 5.1525 1485 550 2.09 0.73 0.036 2.98 11.9 29.8 29.8
5 0.26 6.42 1050 550 2.09 0.77 0.036 2.93 11.7 29.3 29.3
section 1 6 0.30 7.45 1010 550 2.72 0.80 0.036 2.99 11.6 29.9
7 0.35 8.65 1390 550 2.72 0.80 0.036 3.05 11.6 30.5 30.5
8 0.40 9.945 1200 550 2.72 0.83 0.036 3.05 11.5 30.5 30.5
9 0.45 11.26 1430 550 2.72 0.89 0.042 3.11 12.3 31.1
10 0.51 12.565 1180 550 1.34 0.86 0.045 3.10 13.0 31.0 31.0
11 0.56 13.81 1310 550 1.34 0.83 0.050 3.07 14.1 30.7 30.7
section 2 12 0.61 15 1070 550 3.35 0.79 0.053 3.03 14.9 30.3 30.3
13 0.65 16.075 1080 550 3.35 0.74 0.058 2.95 16.2 29.5 29.5
14 0.70 17.295 1360 550 3.35 0.67 0.060 2.95 16.9 29.5
15 0.75 18.595 1240 550 3.35 0.54 0.064 2.83 18.4 28.3 28.3
16 0.81 19.94 1450 550 3.35 0.45 0.067 2.63 19.7 26.3 26.3
17 0.86 21.205 1080 550 1.19 0.30 0.069 2.21 21.0 22.1 22.1
section 3 18 0.90 22.308 1126 550 1.19 0.25 0.054 1.89 17.9 18.9 18.9

5.3 Structural Member Calculations:

Sizing started with the calculation of the regulatory frame

distance between the common reinforcements.

Str = Regulatory range 0.481
Stmax= Maximum range 0.576
Stchoice Chosen range 0.500

interval Sr which indicates the

After having defined the frame interval and the dimensioning length, the one with Ge=0.5 is
chosen in the field of fiberglass which offers the following mechanical characteristics:

Gc 0.5
Rm 187.5 Ultimate tensile strength
Rmc 147 Ultimate compressive strength
Rmf 232.5 Ultimate flexural strength
Rmt 78 Ultimate in-plane shear strength
Rmti 13.75 Ultimate interlaminarshear strength
E 13750 Tensile modulus of elasticity
Ec 14000 Compressive modulus of elasticity
Et 10550 Flexural modulus of elasticity
G 3090 Shear modulus of elasticity
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We can now define the coefficients kor & kof which will be used for sizing the planking and reinforcements

kor

0.45

kof

0.85

The characteristics of the PVC core are selected,

Finally, the minimum thicknesses in mm from the regulation are defined (RINA PtB, Ch4, Secl, Table2).

Specific weight (kg/m3)

90

Ultimate tangential stress (N/mm?2

1.3

Sections Single skins sandwich
Keel/bottom 5.5 3.5/4.5
Side 5.0 5.0/3.0
Superstructure 4.0 2.0/3.0
Deck 3.0 3.0

The hull was divided into three sections in correspondence with the frame numbers. The
maximum pressure acting in each section was assumed and used as the load acting on all the
structures present in that section as given below,

* The first section, "Section 1", goes from the transom to frame 6. The pressure values referring
to frame 6 were used for this section.

* The second section, "Section 2", goes from frame 7 to frame 12. The pressure values referring
to frame 12 were used for this section.

* The third section, "Section 3", goes from frame 13 to frame 18. The pressure values referring
to frame 13 were used for this section.

The below calculations describe all the calculations made for the sizing of every structural
component, broken down into the different parts of the vessel: keel, bottom, side, deck,
superstructure, bulkheads and their corresponding structural elements.

5.4 Bottom and Keel plate scantlings:

After calculating the pressures acting on the bottom and determining the structural
arrangements, the bottom plating can be calculated. Rina specifies that the minimum
thickness of the plating to be calculated using the maximum value obtained from the
following formulas:

t1 = k1*kof*ka*s*p”0,5
t2 = 16 *s*kof*D"0,5
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Where,

k1 is a coefficient that varies according to the pressure adopted.

(k1=0.26 if p=p1 ; k1= 0.15 if p=p2)

Ka is the coefficient of the S/s ratio of the shell panel.

s=distance between the longitudinal stiffeners

As regards the keel, it must extend along the entire length of the yacht and have:

width in mm bhc not less than bhe=30 * L

thickness in mm thc not less than the=1.4 * t

where, t is the greater of the t value 1 or 2 in mm previously calculated for the bottom

The following tables show each the number of layers, the type of layers, the Gc, the thickness
of each layer ti, total thickness t, the weight of each layer qi, and the total sum of the weights

Q.

Bottom plate-layups

Section 1 Plating width | Span Pressure Thickness [Thickness Section 2 Plating width Span Pressure Thickness Thickness
Panels s(m) S(m) P(kn/m2) S/s t1(mm) | t2(mm) Panels s(m) S(m) P(kn/m2) S/s t1(mm) t2(mm)
A 0.54 1.39 95.2 2.57 14.32 13.62 A 0.54 13 135.6 241 17.08 13.62
B 0.54 1.39 95.2 2.57 14.32 13.62 B 0.54 13 135.6 2.41 17.08 13.62
9 0.54] 139 95.2 2.57 14.32 13.62 C 0.54 13 135.6 241 17.08 13.62
D 0.54 1.39 95.2 2.57 14.32 13.62 D 0.54 13 135.6 2.41 17.08 13.62
K1 0.15 K1 0.15
Ka 224 Ka 22.4
Kof 0.81 Kof 0.81
Bottom plate-layups Bottom plate-layups
No. of layers _[Fibers Gc(%)  |qi(g/m2) ti(mm) No. of layers  |Fibers Ge(%) qi(g/m2) ti(mm)
1 Gelcoat 0.5 1 Gelcoat 0.5
2 CSM300 0.3 300 0.750 2 CSM300 03 300! 0.750
3 CSM450 0.3 450 1.125 3 CSM450 03 450 1.125
4 WR800 0.5 800 1111 4 WR800 0.5 800! 1.111
5 BE1200 0.5 1200 1.667 5 BE1200 0.5 1200 1.667
6 BE1200 0.5 1200 1.667 6 BE1200 0.5 1200 1.667
7 BE1200 0.5 1200 1.667 7 BE1200 0.5 1200 1.667
8 BE1200 0.5 1200 1.667 8 BE1200 0.5 1200 1.667
9 BE1200 0.5 1200 1.667 9 BE1200 0.5 1200 1.667
10 BE1200 0.5 1200 1.667 10 BE1200 0.5 1200 1.667
11 BE1200 0.5 1200 1.667 11 BE1200 0.5 1200 1.667
12 WR800 0.5 800 1111 12 BE1200 0.5 1200 1.667
10750 16.26 13 BE1200 0.5 1200 1.667
14 WR800 0.5 800! 1.111
15 CSM450 0.34 450 0.978
Q(Total weight]  10.75]ke/m2 13600 2058
Thickness mm Q(Total weight) ‘ 13.6‘kg/m2
Thickness 20.58‘mm
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Section 3 Plating width Span Pressure Thickness | Thickness
Panels s(m) S(m) P(kn/m2) S/s t1(mm) t2(mm)
A 0.54 1.38 124.9 2.56 16.40 13.62
B 0.54 1.38 124.9 2.56 16.40 13.62
C 0.54 1.38 124.9 2.56 16.40 13.62
D 0.54 1.38 124.9 2.56 16.40 13.62
K1 0.15
Ka 22.4
Kof 0.81
Bottom plate-layups
No. of layers | Fibers Gc(%) gi(g/m2) ti(mm)

1 Gelcoat 0.5

2 CSM300 0.3 300 0.750

3 CSM450 0.3 450 1.125

4 WR800 0.5 800 1.111

5 BE1200 0.5 1200 1.667

6 BE1200 0.5 1200 1.667

7 BE1200 0.5 1200 1.667

8 BE1200 0.5 1200 1.667

9 BE1200 0.5 1200 1.667

10 BE1200 0.5 1200 1.667

11 BE1200 0.5 1200 1.667

12 BE1200 0.5 1200 1.667

13 BE1200 0.5 1200 1.667

14 WR800 0.5 800 1.111

15 CSM450 0.34 450 0.978

13600 20.58
Q(Total
weight) 13.6 | kg/m2
Thickness 20.58 | mm
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Keel plating

Keel

dimensions mm mm
bhc(width) 30*L 742.8
thc(thickness) 1.4%t 23.92

Where t is the maximum thickness of the bottom plating

keel plate-layups

No. of layers | Fibers Gc(%) | gi(g/m2) ti(mm)

1 Gelcoat 0.5
2 CSM300 0.28 300 0.810
3 CSM450 0.34 450 0.978
4 WR800 0.5 800 1.111
5 BE1200 0.5 1200 1.667
6 BE1200 0.5 1200 1.667
7 BE1200 0.5 1200 1.667
8 BE1200 0.5 1200 1.667
9 BE1200 0.5 1200 1.667
10 BE1200 0.5 1200 1.667
11 uD800 0.5 800 1.111
12 uUD800 0.5 800 1.111
13 uUD800 0.5 800 1.111
14 BE1200 0.5 1200 1.667
15 BE1200 0.5 1200 1.667
16 BE1200 0.5 1200 1.667
17 BE1200 0.5 1200 1.667
18 BE1200 0.5 1200 1.667

CSM450 0.34 450 0.9779412
20 BE1200 0.5 1200 1.6666667

18800 27.709851

Q(Total
weight) 18.8 | kg/m2
Thickness 27.71 | mm
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5.5 Side Plate-Layups:

General calculations in terms of minimum values.

Minimum skin
thickness

mm

mm

ti(inner thickness)

ti = 0,35%(2,2+0,25*L)

2.94

to(outer thickness)

to = 0,45%(2,2+0,25%L)

3.78

Minimum core height

Minimum Moment of

Inertia

ha=(K1*p*S)/t mm
7= (1/50)*Rmt Js= 40*S*Z*R/Es
(N/mmz2) 1.56 R (N/mm2) 132
K1(P=P1) 0.5 Es (N/mm2) 6460
K1( P=P2) 0.2
Minimum section Modulus
Zsi = K1*p*S2 *(1/Rti)
Zs0 = K1*p*S2 *(1/Rco)
Rco 187.32 | N/mm?2
Rti 123.48 | N/mm3
K1(P=P1) 1.6
K1(P=P2) 0.4
side plate-layups
No. of layers |Fibers Gc qi(g/m2) t(mm) touter(mm)tcore(mm) |tinner(mm)
1 Gelcoat 0.50 0.50
2 CSM300 0.28 300 0.81 0.81
3 CSM450 0.28 450 1.21 1.21
4 WR800 0.5 800 1.11 1.11
5 BE1200 0.5 1200 1.67 1.67
6 PVC 80 20.00 20
7 BE1200 0.5 1200 1.67 1.67
8 BE1200 0.5 1200 1.67 1.67
9 WR800 0.5 800 1.11 1.11
5950 29.75 5.30 20 4.44
Q(Total weight) 5.95|kg/m2
Thickness outer 5.30{mm
Thickness core 20{mm
Thickness inner 4.44Imm
Total Thickness 29.75|mm
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Min.
Min. section Min. core
Sectionl Pressure Span Thickness Modulus height MOl
p (kN/m2) S (m) t (mm) Zs (cm3) ha (mm) Js (cm4)
29.9 1.01
Inner skin 2.94 0.39
core 9.68
outer skin 3.78 0.26
strip1 cm 0.32
Min.
section Min. core
Section2 Pressure | Span Min. Thickness | Modulus height MOl
Is
p (kN/m2) | S (m) t (mm) Zs (cm3) ha (mm) (cm4)
31.1 1.31
Inner skin 2.94 0.53
core 13.06
outer skin 3.78 0.35
strip1 cm 0.57
Min. Min.
Min. section core
Section3 Pressure Span Thickness Modulus | height MOl
ha s
p (kN/m2) S (m) t (mm) Zs (cm3) | (mm) (cm4)
29.5 1.08
Inner skin 2.94 0.53
core 10.21
outer skin 3.78 0.35
strip 1 cm 0.47
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5.6 Deck Plate-Layups

General calculations in terms of minimum values.

Minimum skin
thickness mm mm
ti(inner
thickness) ti = 0,35*(2,2+0,25*L) 2.94
to(outer to =
thickness) 0,45*(2,2+0,25*L) 3.78
Minimum core height Minimum Moment of
Inertia
ha=(7*h*S)/t mm Js= 40*S*Z*R/Es
7= (1/50)*Rmt R _(N/mm?2) 132
(N/mm2) 1.56 Es (N/mm2) 6460
h 1.00
S Spacing
Minimum section Modulus

Zsi = 15*h*S2 *(1/Rti)

Zs0 = 15*h*S2 *(1/Rco)
Rco 187.32 | N/mm2
Rti 123.48 | N/mm3

Min. Min. section | Min. core
Sectionl Span Thickness | Modulus height MOI
S (m) t (mm) Zs (cm3) ha (mm) Js (cm4)
1.01

Inner skin 2.94 0.39
core 4.53
outer skin 3.78 0.26
strip1 cm 0.32
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Min. Min. section
Section2 | Span Thickness Modulus Min. core height MOl
S (m) t (mm) Zs (cm3) ha (mm) Js (cm4)
1.31
Inner
skin 2.94 0.39
core 5.88
outer
skin 3.78 0.26
strip 1
cm 0.42
Min. section Min. core
Section3 Span Min. Thickness | Modulus height MOl
S (m) t (mm) Zs (cm3) ha (mm) Js (cm4)
1.08
Inner skin 2.94 0.39
core 4.85
outer skin 3.78 0.26
strip 1 cm 0.35
Deck plate-layups
No. of layers |Fibers Gc qi(g/m2) t(mm) touter(mm)tcore(mm) |tinner(mm)
1 Gelcoat 0.50 0.50
2 CSM300 0.28 300 0.81 0.81
3 CSM450 0.28 450 1.21 1.21
4 WR800 0.5 800 1.11 1.11
5 BE1200 0.5 1200 1.67 1.67
6 PVC 80 10.00 10
7 BE1200 0.5 1200 1.67 1.67
8 BE1200 0.5 1200 1.67 1.67
9 WR800 0.5 800 1.11 1.11
5950 19.75 5.30 10 4.44
Q(Total weight) 5.95(kg/m2
Thickness outer 5.30|mm
Thickness core 10{mm
Thickness inner 444 {mm
Total Thickness 19.75({mm
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5.7 Superstructure Plate-Lavups:

General calculations in terms of minimum values.

Minimum skin

thickness mm mm
ti(inner thickness) ti =0,35%(2,2+0,25*L) 271.15
to(outer thickness) to =0,45%(2,2+0,25*L) 348.62

Minimum core height

ha=(7*h*S)/t mm
T=(1/50)*Rmt (N/mm?2) 1.56
h 1.00
S Spacing

Minimum Moment of Inertia
Js= 40*S*Z*R/Es
R (N/mm?2) 132
Es (N/mm?2) 6460

Minimum section Modulus
Zsi = 15*h*S2 *(1/Rti)
Zso = 15*h*S2 *(1/Rco)
Rco 187.32 | N/mm?2
Rti 123.48 | N/mm3
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Min. Min. section | Min. core
Section Span Thickness | Modulus height MOI
S(m) t (mm) Zs (cm3) ha (mm) Js (cm4)
1.1
Inner skin 294 0.39
core 7.40
outer skin 3.78 0.26
strip1 cm 0.35
Superstructure plate-layups
No. of layers |Fibers Gc qi(g/m2) t(mm) touter(mm)tcore(mm) [tinner(mm)
1 Gelcoat 0.50 0.50
2 CSM300 0.28 300 0.81 0.81
3 CSM450 0.28 450 1.21 1.21
4 WR800 0.5 800 1.11 1.11
5 BE1200 0.5 1200 1.67 1.67
6 PVC 80 12.00 10
7 BE1200 0.5 1200 1.67 1.67
8 BE1200 0.5 1200 1.67 1.67
9 WR800 0.5 800 1.11 1.11
5950 21.75 5.30 10 4.44
Q(Total weight) 5.95|kg/m?2
Thickness outer 5.30{mm
Thickness core 12|mm
Thickness inner 444 {mm
Total Thickness 21.75|mm
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5.8 Bulkheads:

General calculations in terms of minimum values.

Minimum skin thickness

mm

mm

ti(inner thickness)

ti = 0,35%(2,2+0,25*L) 2.94

to(outer thickness)

to = 0,45%(2,2+0,25*L) 3.78

Minimum Moment of
Minimum core height Inertia
Js= 40*S*Z*R/Es
ha=(7*h*S)/t mm R (N/mm2) 132
h (vertical dist.) 1.5
S Spacing
Minimum section Modulus
Zsi = 15*h*S2 *(1/R)
Rco 187.32 | N/mm?2
Rti 123.48 | N/mm3
Bulkhead-Reinforcements
The min. Modulus C1*S*s*h*ko

cl

(for primary
10.7 | bulkheads)

cl

18 | (for storage bulkheads)

s (distance b/w stiffners)

S (Bulkhead span)

h (vertical b/w PDR and highest point on bulkhead)
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Bulkhead-1 | Span Heigh | Min. Min. Min. MOI
t Thickness | section core
Modulus | height
S (m) h(m) t (mm) Zs (cm3) | ha(mm) | Js
(cm4)
1.45 33
Inner skin 2.94
core 21.47
outer skin 3.78
strip 1 cm 0.56 0.93
Bulkhead plate-layups
No. of layers | Fibers Ge qi(g/m2) t(mm) touter(m | tcore(m | tinner(m
m) m) m)
1 CSM450 0.28 450 1.21 1.21
2 BE1200 0.5 1200 1.67 1.67
3 BE1200 0.5 1200 1.67 1.67
4 PVC 80 20.00 20
5 BE1200 0.5 1200 1.67 1.67
6 BE1200 0.5 1200 1.67 1.67
4800 27.88 4.55 20 3.33
Q(Total 4.8 kg/m2
weight)
Thickness 4.55 mm
outer
Thickness 20 mm
core
Thickness 3.33 mm
inner
Total 27.88 mm
Thickness
36
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Bulkhead- | Span Height Min. Min. section Min. MOI
2 Thickness Modulus core
height
S (m) h(m) t (mm) Zs (cm3) ha Js (cm4)
(mm)
1.82 33
Inner skin 26.95
core 12.25
outer skin 3.78
strip 1 cm 0.88 1.85
Bulkhead plate-
layups
No. of Fibers Gce qi(g/m2) | t(mm) touter(mm) | tcore(mm) | tinner(mm)
layers
1 CSM450 | 0.28 450 1.21 1.21
2 BE1200 | 0.5 1200 1.67 1.67
3 BE1200 | 0.5 1200 1.67 1.67
4 PVC 80 25.00 25
5 BE1200 | 0.5 1200 1.67 1.67
6 BE1200 | 0.5 1200 1.67 1.67
4800 32.88 4.55 25 3.33
Q(Total 4.8 kg/m2
weight)
Thickness 4.55 mm
outer
Thickness 25 mm
core
Thickness | 3.33 mm
inner
Total 32.88 mm
Thickness
37
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Bulkhead-3 Span Height Min. Min. Min. core | MOI
Thickness | section height
Modulus
S (m) h(m) t (mm) Zs (cm3) ha (mm) | Js(cm4)
1.82 3.3
Inner skin 2.94
core 26.95
outer skin 3.78
strip 1 cm 0.88 1.85
Bulkhead plate-layups
No. of layers Fibers Gc qi(g/m2) | t(mm) | touter(mm) | tcore(mm) | tinner(mm)
CSM450 | 0.28 450 1.21 1.21
2 BE1200 0.5 1200 1.67 1.67
3 BE1200 0.5 1200 1.67 1.67
4 PVC 80 30.00 30
5 BE1200 0.5 1200 1.67 1.67
6 BE1200 0.5 1200 1.67 1.67
4800 37.88 4.55 30 3.33
Q(Total weight) 4.8 | kg/m2
Thickness outer 4.55 | mm
Thickness core 30 | mm
Thickness inner 3.33 | mm
Total Thickness 37.88 | mm
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Min. Min.
Min. section core
Bulkhead-4 Span Height Thickness Modulus height MOl
ha Js
S (m) h(m) t (mm) Zs (cm3) (mm) (cm4)
1.82 3.3
Inner skin 2.94
core 26.95
outer skin 3.78
strip1 cm 0.88 1.85
Bulkhead plate-layups
No. of layers Fibers Gc qi(g/m2) | t(mm) | touter(mm) | tcore(mm) | tinner(mm)
CSM450 | 0.28 450 1.21 1.21
2 BE1200 0.5 1200 1.67 1.67
3 BE1200 0.5 1200 1.67 1.67
4 PVC 80 25.00 25
5 BE1200 0.5 1200 1.67 1.67
6 BE1200 0.5 1200 1.67 1.67
4800 32.88 4,55 25 3.33
Q(Total
weight) 4.8 | kg/m2
Thickness
outer 4.55 | mm
Thickness
core 25 | mm
Thickness
inner 3.33 | mm
Total
Thickness 32.88 | mm
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Min. Min. section | Min. core
Bulkhead-5 Span Height Thickness Modulus height MOI
S(m) h(m) t (mm) Zs (cm3) ha (mm) | Js(cm4)
1.82 3.3
Inner skin 2.94
core 26.95
outer skin 3.78
strip 1 cm 0.88 1.85
Bulkhead plate-layups
qi(g/m2 | t(mm | touter(mm | tcore(mm [ tinner(mm
No. of layers | Fibers Gc ) ) ) ) )
CSM45
1 0 0.28 450 1.21 1.21
2 BE1200 | 0.5 1200 1.67 1.67
3 BE1200 | 0.5 1200 1.67 1.67
4 PVC 80 20.00 20
5 BE1200 | 0.5 1200 1.67 1.67
6 BE1200 | 0.5 1200 1.67 1.67
4800 | 27.88 4.55 20 3.33
Q(Total kg/m
weight) 48 |2
Thickness
outer 4,55 | mm
Thickness
core 20 | mm
Thickness
inner 3.33 | mm
Total
Thickness 27.88 | mm
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Min.
Bulkhead- Min. core
Transom Span Height | Thickness | Min. section Modulus height | MOI
ha Js
S(m) | h(m) t (mm) Zs (cm3) (mm) | (cm4)
1.8 2.7
Inner skin 2.94
core 21.81
outer skin 3.78
strip 1 cm 0.70 1.46
Transom-
layups
No. of
layers Fibers Gc qi(g/m2) | t(mm) touter(mm) | tcore(mm) | tinner(mm)
1 CSM450 | 0.28 450 1.21 1.21
2 BE1200 0.5 1200 1.67 1.67
3 BE1200 0.5 1200 1.67 1.67
4 PVC 80 20.00 20
5 BE1200 0.5 1200 1.67 1.67
6 BE1200 0.5 1200 1.67 1.67
4800 27.88 4.55 20 3.33
Q(Total
weight) 4.8 | kg/m2
Thickness
outer 4.55 | mm
Thickness
core 20 | mm
Thickness
inner 3.33 | mm
Total
Thickness 27.88 | mm
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5.9 Structural Members:

The typical representation of a stiffener is given as below, and the following terms are used to

define its dimension’s.

H (mm) = Height of web

th (mm) = Web Thickness

P (mm) = Flange width

tp (mm) = Flange thickness

A (mm) = Width of bottom plating

tA (mm) = Thickness of bottom plating

Structural Members-Section
1(Frame 6)

General calculations in terms of minimum values

Longitudinal
girders

Reinforements

The minimum section Modulus is given by the
following formula
Zpl =k1 * bpl* SA2 *ko * p

bpl(m) 0.55

k1 1.2

ko 0.69

S(m) 5.64

p(kN/m2) 75.4
Zpl (cm3) 909.62

selected
H (mm) 250
th (mm) 10
P (mm) 250
tp (mm) 13
A (mm) 550
tA (mm) 16.50
Zeff
(cm3) 992.81
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Longitudinal Girder-layups

No. of layers Fibers Gc qi(g/m2) t(mm) tweb(mm) | tflange(mm)
1 CSM300 | 0.28 300 0.81 0.81 0.81
2 CSM450 | 0.28 450 1.21 1.21 1.21
3 BE1200 0.5 1200 1.67 1.67 1.67
4 BE1200 0.5 1200 1.67 1.67 1.67
5 BE1200 0.5 1200 1.67 1.67 1.67
6 uD800 0.57 800 0.95 - 0.95
7 uD800 0.57 800 0.95 - 0.95
8 UD800 0.57 800 0.95 - 0.95
9 BE1200 0.5 1200 1.67 1.67 1.67
10 BE1200 0.5 1200 1.67 1.67 1.67

9150 13.20 10.36 13.20

Q(Total weight) 9.15 | kg/m2

Thickness web(Th) 10.36 | mm

Thickness

Flange(Tp) 13.20 | mm

Structural Members-Secti‘on 2(F ramT 11‘)

General calculations in terms of minimum values

Longitudinal girders Reinforements

selected

The minimum section Modulus is given by the

following formula

Zpl =kl * bpl* S*2 * ko * H (mm) 250

th (mm) 15

bpl(m) 0.55 P (mm) 300

k1 1.2 tp (mm) 20

ko 0.69 A (mm) 550

S(m) 6.25 tA (mm) 20.96

p(kN/m2) 112.4 Zeff (cm3) | 1854.9

Zpl (cm3) 1666.30

Longitudinal Girder-

layups

No. of

layers Fibers Gc qi(g/m?2) t(mm) | tweb(mm) | tflange(mm)

1 CSM300 0.28 300 0.81 0.81 0.81
2 CSM450 0.28 450 1.21 1.21 1.21
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3 BE1200 0.5 1200 1.67 1.67 1.67
4 BE1200 0.5 1200 1.67 1.67 1.67
5 BE1200 0.5 1200 1.67 1.67 1.67
6 BE1200 0.5 1200 1.67 1.67 1.67
7 UD800 0.57 800 0.95 - 0.95
8 UD800 0.57 800 0.95 - 0.95
9 UD800 0.57 800 0.95 - 0.95
10 uD800 0.57 800 0.95 - 0.95
11 uD800 0.57 800 0.95 - 0.95
12 BE1200 0.5 1200 1.67 1.67 1.67
12 BE1200 0.5 1200 1.67 1.67 1.67
13 BE1200 0.5 1200 1.67 1.67 1.67
14 BE1200 0.5 1200 1.67 1.67 1.67
14350 | 20.09 15.36 20.09
Q(Total
weight) 14.35 | kg/m2
Thickness
web(Th) 15.36 | mm
Thickness
Flange(Tp) 20.09 | mm
Structural Members-Section 3(Frame 13)
General calculations in terms of minimum values
Reinforements
Longitudinal girders selected
The minimum section Modulus is given by the
following formula
Zpl =kl * bpl* S"2 * ko * p H (mm) 280
th (mm) 15
bpl(m) 0.55 P (mm) 250
ki 1.2 tp (mm) 18
ko 0.69 A (mm) 550
S(m) 6.25 tA (mm) 20.96
p(kN/m2) 95.6 Zeff (cm3) 1714
Zpl (cm3) 1417.21
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Longitudinal Girder-layups

No. of layers Fibers Gc qi(g/m2) | t(mm) | tweb(mm) | tflange(mm)
1 CSM300 0.28 300 0.81 0.81 0.81
2 CSM450 0.28 450 1.21 1.21 1.21
3 BE1200 0.5 1200 1.67 1.67 1.67
4 BE1200 0.5 1200 1.67 1.67 1.67
5 BE1200 0.5 1200 1.67 1.67 1.67
6 BE1200 0.5 1200 1.67 1.67 1.67
7 uD800 0.57 800 0.95 - 0.95
8 UD800 0.57 800 0.95 - 0.95
9 uD800 0.57 800 0.95 - 0.95
10 uD800 0.57 800 0.95 - 0.95
11 uD800 0.57 800 0.95 - 0.95
12 BE1200 0.5 1200 1.67 1.67 1.67
12 BE1200 0.5 1200 1.67 1.67 1.67
13 BE1200 0.5 1200 1.67 1.67 1.67
14 BE1200 0.5 1200 1.67 1.67 1.67

14350 15.36 20.09

Q(Total weight) 14.35 | kg/m2

Thickness web(Th) 15.36 | mm

Thickness Flange(Tp) 20.09 | mm

Bottom Transverse:

Bottom Transverse Floors-Section

1(Frame 6)
The minimum section Modulus is given by the following
formula
Zmr = k1 * bpl * SA2 *k0 *p
*ko *p
*ko *p
bpl (m) 1.42
k1 1.2
ko 0.69
S(m) 0.55
p(kN/m2) 92.3
Zmin (cm3) 32.82

Reinforements
selected

H (mm) 100
th (mm) 5

P (mm) 50
tp (mm) 6

A (mm) 1420
tA (mm) 16.5
Zeff (cm3) 33.05
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Bottom Transverse floor-layups

No. of layers Fibers Gc qi(g/m2) | t(mm) | tweb(mm) tflange(mm)
1 CSM300 0.28 300 0.81 0.81 0.81
2 CSM450 0.28 450 1.21 1.21 1.21
3 BE1200 0.5 1200 1.67 1.67 1.67
4 uD800 0.57 800 0.95 - 0.95
5 BE1200 0.5 1200 1.67 1.67 1.67
3950 6.30 5.36 6.30
Q(Total weight) 3.95 | kg/m2
Thickness web 5.36 | mm
Thickness Flange 6.30 | mm
Bottom Transverse Floors-Section
2(Frame 11) Reinforements selected
The minimum section Modulus is given by the
following formula
Zmr = k1 * bpl * SA2 *k0 *p
*ko * p
*ko*p H (mm) 100
th (mm) 5
bpl (m) 1.27 P (mm) 50
k1l 1.2 tp (mm) 6
ko 0.69 A (mm) 1420
S(m) 0.55 tA (mm) 20.96
p(kN/m2) 129.9 Zeff (cm3) 54.11
Zmin (cm3) 41.31
Bottom Transverse floor-
layups
No. of layers Fibers Gc qi(g/m2) t(mm) | tweb(mm) tflange(mm)
1 CSM300 | 0.28 300 0.81 0.81 0.81
2 CSM450 | 0.28 450 1.21 1.21 1.21
3 BE1200 0.5 1200 1.67 1.67 1.67
4 uUD800 0.57 800 0.95 - 0.95
5 BE1200 0.5 1200 1.67 1.67 1.67
3950 | 6.30 5.36 6.30
Q(Total weight) 3.95 | kg/m2
Thickness web 5.36 | mm
Thickness Flange 6.30 | mm
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Bottom Transverse Floors-Section 3(Frame 13)

Reinforements selected

The minimum section Modulus is given by the
following formula
Zmr = k1 * bpl * SA2 *k0 *p

*ko *p
*ko *p
bpl (m) 1.2
k1 1.2
ko 0.69
S(m) 0.55
p(kN/m2) 119.7
Zmin (cm3) 35.98

H (mm) 100
th (mm) 5
P (mm) 50
tp (mm) 6
A (mm) 1420
tA (mm) 20.96
Zeff
(cm3) 54.11

Bottom Transverse floor-

layups

No. of layers Fibers Gc qi(g/m2) | t(mm) | tweb(mm) | tflange(mm)
1 CSM300 | 0.28 300 0.81 0.81 0.81
2 CSM450 | 0.28 450 1.21 1.21 1.21
3 BE1200 0.5 1200 1.67 1.67 1.67
4 ubD800 | 0.57 800 0.95 - 0.95
5 BE1200 0.5 1200 1.67 1.67 1.67

3950 6.30 5.36 6.30

Q(Total weight) 3.95 | kg/m2

Thickness web 5.36 | mm

Thickness Flange 6.30 | mm

5.10 Side structure:

Side Ribs-Section 1(Frame 6)

The minimum section Modulus is given by the
following formula
Zmr = k1 * s * SA2 *k0 *p*kcr

*ko * p
*ko * p
s (m) 1.42
kil 1
ko 0.69
S(m) 1.4
p(kN/m2) 29.9
ker 1.1

Reinforements selected
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H (mm) 100
th (mm) 6
P (mm) 50
tp (mm) 8
A (mm) 1420
tA (mm) 29.75
Zeff
(cm3) 67.1
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Zmin (cm3) l 63.16
Side Ribs-layups
No. of layers Fibers Gc qi(g/m2) t(mm) tweb(mm) | tflange(mm)
1 CSM300 0.28 300 0.81 0.81 0.81
2 CSM450 0.28 450 1.21 1.21 1.21
3 BE1200 0.5 1200 1.67 1.67 1.67
4 BE1200 0.5 1200 1.67 1.67 1.67
6 UD800 0.57 800 0.95 - 0.95
7 UD800 0.57 800 0.95 - 0.95
10 BE1200 0.5 1200 1.67 1.67 1.67
5950 8.92 7.02 8.92
Q(Total
weight) 5.95 | kg/m2
Thickness web 7.02 | mm
Thickness
Flange 8.92 | mm
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Side Ribs-Section
2(Frame 11)

The minimum section Modulus is given by the
following formula
Zmr = k1 * s * SA2 *k0 *p*ker

Reinforements selected

*ko *p
*ko*p H (mm) 100
th (mm) 8
s (m) 1.52 P (mm) 50
k1 1 tp (mm) 10
ko 0.69 A (mm) 1520
S(m) 1.4 tA (mm) 29.75
Zeff
p(kN/m2) 31.1 (cm3) 82.95
ker 1.1
Zmin (cm3) 70.32
Side Ribs-
layups
No. of layers Fibers Gc qi(g/m2) t(mm) tweb(mm) | tflange(mm)
1 CSM300 0.28 300 0.81 0.81 0.81
2 CSM450 0.28 450 1.21 1.21 1.21
3 BE1200 0.5 1200 1.67 1.67 1.67
4 BE1200 0.5 1200 1.67 1.67 1.67
6 uD800 0.57 800 0.95 - 0.95
7 uD800 0.57 800 0.95 - 0.95
10 BE1200 0.5 1200 1.67 1.67 1.67
11 BE1201 0.5 1200 1.67 1.67 1.67
7150 8.69 10.59
Q(Total
weight) 7.15 | kg/m2
Thickness web 8.69 | mm
Thickness
Flange 10.59 | mm
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Side Ribs-Section 3(Frame 13)

The minimum section Modulus is given by the
following formula
Zmr = k1 * s * SA2 *k0 *p*kcr

Reinforements selected

5.11 Deck Structures:

Deck Trans-Section 1(Frame 6)

The minimum section Modulus is given by the
following formula
Zmr =15*b*SA2*k0*h

b (m) 1.41
h 2.8
ko 0.69
S(m) 0.55

*ko *p
*ko*p H (mm) 100
th (mm) 5
s (m) 1.2 P (mm) 50
k1 1 tp (mm) 5
ko 0.69 A (mm) 1200
S(m) 1.4 tA (mm) 29.75
Zeff
p(kN/m2) 29.5 (cm3) 67.1
ker 1.1
Zmin (cm3) 52.66
Side Ribs-layups
No. of layers Fibers Gc qi(g/m2) | t(mm) | tweb(mm) | tflange(mm)
1 CSM300 0.28 300 0.81 0.81 0.81
2 CSM450 0.28 450 1.21 1.21 1.21
4 BE1200 0.5 1200 1.67 1.67 1.67
7 uD800 0.57 800 0.95 - 0.95
10 BE1200 0.5 1200 1.67 1.67 1.67
3950 5.36 6.30
Q(Total weight) 3.95 | kg/m2
Thickness web 5.36 | mm
Thickness Flange 6.30 | mm

Reinforements selected
H (mm) 50
th (mm) 4
P (mm) 50
tp (mm) 4
A (mm) 870
tA (mm) 19.75
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Zeff

(cm3) 23.97
Zmin (cm3) 12.36
Deck Trans-layups
No. of layers Fibers Gc qi(g/m2) t(mm) tweb(mm) | tflange(mm)
1 CSM300 0.28 300 0.81 0.81 0.81
2 CSM450 0.28 450 1.21 1.21 1.21
4 BE1200 0.5 1200 1.67 1.67 1.67
6 UD800 0.57 800 0.95 - 0.95
10 BE1200 0.5 1200 1.67 1.67 1.67
3950 6.30 5.36 6.30
Q(Total
weight) 3.95 | kg/m2
Thickness web 5.36 | mm
Thickness
Flange 6.30 | mm
Total
Thickness 6.30 | mm
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Deck Trans-Section 2(Frame 11)

The minimum section Modulus is given by the
following formula

Reinforements selected

Zmr =15*b*SA2*k0*h H (mm) 50
th (mm) 4
b (m) 1.52 P (mm) 50
h 2.8 tp (mm) 4
ko 0.69 A (mm) 870
S(m) 0.55 tA (mm) 19.75
Zeff (cm3) 23.97
Zmin (cm3) 13.33
Deck Trans-layups
qi(g/ tflange(m
No. of layers Fibers | Gc m2) t(mm) tweb(mm) m)
CSM3
1 00 0.28 300 0.81 0.81 0.81
CSM4
2 50 0.28 450 1.21 1.21 1.21
BE120
4 0 0.5 1200 1.67 1.67 1.67
uD80
6 0 0.57 800 0.95 - 0.95
BE120
10 0 0.5 1200 1.67 1.67 1.67
3950 6.30 5.36 6.30
Q(Total weight) 3.95 | kg/m2
Thickness web 5.36 | mm
Thickness Flange 6.30 | mm
Total Thickness 6.30 | mm
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Deck Trans-Section 3(Frame

13)

The minimum section Modulus is given by the
following formula

Reinforements selected

Zmr =15*b*SA2*k0*h H (mm) 50
th (mm) 4
b (m) 1.21 P (mm) 50
h 2.8 tp (mm) 4
ko 0.69 A (mm) 870
S(m) 0.55 tA (mm) 19.75
Zeff
(cm3) 23.97
Zmin (cm3) 10.61
Deck Trans-layups
No. of layers Fibers Gc qi(g/m2) | t(mm) | tweb(mm) | tflange(mm)
1 CSM300 0.28 300 0.81 0.81 0.81
2 CSM450 0.28 450 1.21 1.21 1.21
4 BE1200 0.5 1200 1.67 1.67 1.67
6 uD800 0.57 800 0.95 - 0.95
10 BE1200 0.5 1200 1.67 1.67 1.67
3950 6.30 5.36 6.30
Q(Total
weight) 3.95 | kg/m2
Thickness web 5.36 | mm
Thickness
Flange 6.30 | mm
Total
Thickness 6.30 | mm
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Deck Long.-Section 1(Frame
6)

The minimum section Modulus is given by the
following formula

Reinforements selected

Zmr =15%b*SA2*k0*h H (mm) 250
th (mm) 10
b (m) 0.55 P (mm) 250
h 1.5 tp (mm) 10
ko 0.69 A (mm) 550
S(m) 5.6 tA (mm) 19.75
Zeff
(cm3) 281.22
Zmin (cm3) 267.78
Deck Long.-layups
No. of layers Fibers Gc qi(g/m2) t(mm) tweb(mm) | tflange(mm)
1 CSM300 0.28 300 0.81 0.81 0.81
2 CSM450 0.28 450 1.21 1.21 1.21
3 BE1200 0.5 1200 1.67 1.67 1.67
4 BE1200 0.5 1200 1.67 1.67 1.67
6 uUD800 0.57 800 0.95 0.95 0.95
7 uUD800 0.57 800 0.95 0.95 0.95
9 BE1200 0.5 1200 1.67 1.67 1.67
10 BE1200 0.5 1200 1.67 1.67 1.67
7150 10.59 10.59 10.59
Q(Total
weight) 7.15 | kg/m2
Thickness web 10.59 | mm
Thickness
Flange 10.59 | mm
54

Department of Naval Architecture, University of Genova (La Spezia Campus)




Deck Long.-Section 2(Frame 11)

The minimum section Modulus is given by the following

Reinforements selected

formula
Zmr =15*b*SA2*k0*h H (mm) 250
th (mm) 10
b (m) 0.55 P (mm) 250
h 1.5 tp (mm) 10
ko 0.69 A (mm) 550
S(m) 5.6 tA (mm) 19.75
Zeff (cm3) 281.22
Zmin (cm3) 267.78
Deck Long.-layups
No. of layers Fibers Gc qi(g/m2) t(mm) | tweb(mm) tflange(mm)
1 CSM300 | 0.28 300 0.81 0.81 0.81
2 CSM450 0.28 450 1.21 1.21 1.21
3 BE1200 0.5 1200 1.67 1.67 1.67
4 BE1200 0.5 1200 1.67 1.67 1.67
6 uD800 0.57 800 0.95 0.95 0.95
7 uD800 0.57 800 0.95 0.95 0.95
9 BE1200 0.5 1200 1.67 1.67 1.67
10 BE1200 0.5 1200 1.67 1.67 1.67
7150 | 10.59 10.59 10.59
Q(Total weight) 7.15 | kg/m?2
Thickness web 10.59 | mm
Thickness Flange 10.59 | mm
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Deck Long.-
Section
3(Frame 13)

The minimum section Modulus is given by the
following formula

Reinforements selected

Zmr =15*b*SA2*k0*h H (mm) 250
th (mm) 10
b (m) 0.55 P (mm) 250
h 1.5 tp (mm) 10
ko 0.69 A (mm) 550
S(m) 5.6 tA (mm) 19.75
Zeff
(cm3) 281.22
Zmin (cm3) 267.78
Deck Long.-layups
No. of layers Fibers Gc qi(g/m2) | t(mm) | tweb(mm) | tflange(mm)
1 CSM300 0.28 300 0.81 0.81 0.81
2 CSM450 0.28 450 1.21 1.21 1.21
3 BE1200 0.5 1200 1.67 1.67 1.67
4 BE1200 0.5 1200 1.67 1.67 1.67
6 uUD800 0.57 800 0.95 0.95 0.95
7 uUD800 0.57 800 0.95 0.95 0.95
9 BE1200 0.5 1200 1.67 1.67 1.67
10 BE1200 0.5 1200 1.67 1.67 1.67
7150 10.59 10.59
Q(Total
weight) 7.15 | kg/m?2
Thickness web 10.59 | mm
Thickness
Flange 10.59 | mm
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5.12 Bulkheads:

Bulkhead-1: side stiffner

following formula

The minimum section Modulus is given by the

Reinforements selected
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Zm=C1*S*b*h*ko H (mm) 60
th (mm) 5
b (m) 0.55 P (mm) 60
h 2.68 tp (mm) 6
ko 0.69 A (mm) 550
S(m) 2.38 tA (mm) 27.88
Zeff
cl 10.7 (cm3) 26.72
Zmin (cm3) 25.90
Bulkhead-Layups
No. of layers Fibers Gc qi(g/m2) t(mm) tweb(mm) | tflange(mm)
1 CSM300 0.28 300 0.81 0.81 0.81
2 BE1200 0.5 1200 1.67 1.67 1.67
3 uD800 0.57 800 0.95 0.95 0.95
4 uD800 0.57 800 0.95 0.95 0.95
5 BE1200 0.5 1200 1.67 1.67 1.67
4300 6.04 6.04 6.04
Q(Total
weight) 4.3 | kg/m2
Thickness web 6.04 | mm
Thickness
Flange 6.04 | mm
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Bulkhead-2: side stiffner

The minimum section Modulus is given by the

following formula

Reinforements selected

Zm=C1*S*b*h*ko H (mm) 60
th (mm) 5
b (m) 0.55 P (mm) 60
h 2.55 tp (mm) 6
ko 0.69 A (mm) 550
S(m) 2.25 tA (mm) 32.88
Zeff
cl 10.7 (cm3) 27.45
Zmin (cm3) 23.30
Bulkhead-Layups
No. of layers Fibers Gc qi(g/m?2) t(mm) tweb(mm) | tflange(mm)
1 CSM300 0.28 300 0.81 0.81 0.81
2 BE1200 0.5 1200 1.67 1.67 1.67
3 uD800 0.57 800 0.95 - 0.95
4 BE1200 0.5 1200 1.67 1.67 1.67
BE1200 0.5 1200 1.67 1.67 1.67
4700 5.81 6.76
Q(Total weight) 4.7 | kg/m2
Thickness web 5.81 | mm
Thickness
Flange 6.76 | mm
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Bulkhead-3: side

stiffner

The minimum section Modulus is given by the
following formula

Reinforements selected

Zm=C1*S*b*h*ko H (mm) 70
th (mm) 5
b (m) 0.55 P (mm) 70
h 2.84 tp (mm) 5
ko 0.69 A (mm) 550
S(m) 2.54 tA (mm) 37.88
Zeff
cl 10.7 (cm3) 31.79
Zmin (cm3) 29.29
Bulkhead-Layups
No. of layers Fibers Gc qi(g/m2) | t(mm) | tweb(mm) | tflange(mm)
1 CSM300 0.28 300 0.81 0.81 0.81
2 BE1200 0.5 1200 1.67 1.67 1.67
3 uD800 0.57 800 0.95 - 0.95
4 BE1200 0.5 1200 1.67 1.67 1.67
BE1200 0.5 1200 1.67 1.67 1.67
4700 5.81 6.76
Q(Total
weight) 4.7 | kg/m2
Thickness web 5.81 | mm
Thickness
Flange 6.76 | mm
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Bulkhead-4: side stiffner

The minimum section Modulus is given by
the following formula

Reinforements selected

Zm=C1*S*b*h*ko H (mm) 60
th (mm) 5
b (m) 0.55 P (mm) 60
h 2.72 tp (mm) 6
ko 0.69 A (mm) 550
S(m) 2.42 tA (mm) 27.88
cl 10.7 Zeff (cm3) 27.08
Zmin (cm3) 26.73
Bulkhead-Layups
No. of layers Fibers Gc qi(g/m2) | t(mm) | tweb(mm) tflange(mm)
1 CSM300 | 0.28 300 0.81 0.81 0.81
2 BE1200 0.5 1200 1.67 1.67 1.67
3 uD800 0.57 800 0.95 - 0.95
4 BE1200 0.5 1200 1.67 1.67 1.67
BE1200 0.5 1200 1.67 1.67 1.67
4700 5.81 6.76
Q(Total
weight) 4.7 | kg/m2
Thickness web 5.81 | mm
Thickness
Flange 6.76 | mm
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Bulkhead-5:collision side stiffner

The minimum section Modulus is given by the

following formula

Reinforements selected

Zm=C1*S*b*h*ko H (mm) 50
th (mm) 5
b (m) 0.55 P (mm) 50
h 2.16 tp (mm) 6
ko 0.69 A (mm) 550
S(m) 1.86 tA (mm) 27.88
cl 10.7 Zeff (cm3) 22.18
Zmin (cm3) 16.31
Bulkhead-Layups
No. of layers Fibers Gc qi(g/m2) | t(mm) tweb(mm) tflange(mm)
1 CSM300 | 0.28 300 0.81 0.81 0.81
2 BE1200 0.5 1200 1.67 1.67 1.67
3 uD800 0.57 800 0.95 0.95 0.95
4 BE1200 0.5 1200 1.67 1.67 1.67
3500 5.09 5.09 5.09
Q(Total weight) 3.5 | kg/m2
Thickness web 5.09 | mm
Thickness
Flange 5.09 | mm
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Transom-side stiffner

The minimum section Modulus is given by the

following formula

Reinforements selected

Zm=C1*S*b*h*ko H (mm) 40
th (mm) 5
b (m) 0.55 P (mm) 40
h 1.25 tp (mm) 5
ko 0.69 A (mm) 550
S(m) 1.25 tA (mm) 27.88
Zeff
cl 10.7 (cm3) 15.54
Zmin (cm3) 6.34
Side stiff.-Layups
No. of layers Fibers Gc qi(g/m2) | t(mm) tweb(mm) | tflange(mm)
1 CSM300 | 0.28 300 0.81 0.81 0.81
2 BE1200 0.5 1200 1.67 1.67 1.67
3 uD800 0.57 800 0.95 0.95 0.95
4 BE1200 0.5 1200 1.67 1.67 1.67
3500 5.09 5.09 5.09
Q(Total weight) 3.5 | kg/m2
Thickness web 5.09 | mm
Thickness
Flange 5.09 | mm
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Bulkhead-1: Central stiffner

The minimum section Modulus is given by the
following formula

Reinforements selected

Zm=C1*S*b*h*ko H (mm) 70
th (mm) 7
b (m) 0.55 P (mm) 70
h 2.9 tp (mm) 8
ko 0.69 A (mm) 550
S(m) 2.6 tA (mm) 27.88
Zeff
cl 10.7 (cm3) 34.64
Zmin (cm3) 30.62
Bulkhead-Layups
No. of layers Fibers Gc qi(g/m2) t(mm) tweb(mm) | tflange(mm)
1 CSM300 0.28 300 0.81 0.81 0.81
2 BE1200 0.5 1200 1.67 1.67 1.67
3 BE1200 0.5 1200 1.67 1.67 1.67
4 uD800 0.57 800 0.95 - 0.95
5 BE1200 0.5 1200 1.67 1.67 1.67
6 BE1200 0.5 1200 1.67 1.67 1.67
5900 7.48 8.42
Q(Total
weight) 5.9 | kg/m2
Thickness web 7.48 | mm
Thickness
Flange 8.42 | mm

Bulkhead-2: Central
stiffner

The minimum section Modulus is given by the
following formula

Zm=C1*S*b*h*ko

b (m) 0.55
h 2.8
ko 0.69

Reinforements selected

H (mm) 70
th (mm) 4
P (mm) 70
tp (mm) 5
A (mm) 550
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S(m) 2.5 tA (mm) 32.88
Zeff
cl 10.7 (cm3) 31.15
Zmin (cm3) 28.42
Bulkhead-Layups
No. of layers Fibers Gc qi(g/m2) t(mm) tweb(mm) | tflange(mm)
1 CSM300 0.28 300 0.81 0.81 0.81
2 BE1200 0.5 1200 1.67 1.67 1.67
3 UD800 0.57 800 0.95 - 0.95
4 BE1200 0.5 1200 1.67 1.67 1.67
5 BE1200 0.5 1200 1.67 1.67 1.67
4700 5.81 6.76
Q(Total
weight) 4.7 | kg/m2
Thickness web 5.81 | mm
Thickness
Flange 6.76 | mm

Bulkhead-3:Central stiffner Reinforements selected
The minimum section Modulus is given by the
following formula
Zm=C1*S*b*h*ko H (mm) 70
th (mm) 6
b (m) 0.55 P (mm) 70
h 3 tp (mm) 7
ko 0.69 A (mm) 550
S(m) 2.7 tA (mm) 37.88
Zeff
cl 10.7 (cm3) 34.2
Zmin (cm3) 32.89
Bulkhead-Layups
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No. of layers Fibers Gc qi(g/m2) | t(mm) | tweb(mm) | tflange(mm)
1 CSM300 0.28 300 0.81 0.81 0.81
2 BE1200 0.5 1200 1.67 1.67 1.67
3 BE1200 0.5 1200 1.67 1.67 1.67
4 uD800 0.57 800 0.95 - 0.95
5 BE1200 0.5 1200 1.67 1.67 1.67
BE1201 0.5 1200 1.67 1.67 1.67
5900 7.48 8.42
Q(Total
weight) 5.9 | kg/m2
Thickness web 7.48 | mm
Thickness
Flange 8.42 | mm
Bulkhead-4: Central
stiffner Reinforements selected
The minimum section Modulus is given by
the following formula
Zm=C1*S*b*h*ko H (mm) 70
th (mm) 6
b (m) 0.55 P (mm) 70
h 2.94 tp (mm) 7
ko 0.69 A (mm) 550
S(m) 2.64 tA (mm) 27.88
cl 10.7 Zeff (cm3) 33.69
Zmin (cm3) 31.52
Bulkhead-Layups
No. of layers Fibers Gc qi(g/m2) | t(mm) | tweb(mm) tflange(mm)
1 CSM300 | 0.28 300 0.81 0.81 0.81
2 BE1200 0.5 1200 1.67 1.67 1.67
3 BE1200 0.5 1200 1.67 1.67 1.67
4 uD800 | 0.57 800 0.95 - 0.95
5 BE1200 0.5 1200 1.67 1.67 1.67
BE1201 0.5 1200 1.67 1.67 1.67
5900 7.48 8.42
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Q(Total

weight) 5.9 | kg/m2
Thickness web 7.48 | mm
Thickness

Flange 8.42 | mm

Bulkhead-5:collision central stiffner

The minimum section Modulus is given by
the following formula

Reinforements selected

Zm=C1*S*b*h*ko H (mm) 60
th (mm) 5
b (m) 0.55 P (mm) 60
h 2.6 tp (mm) 6
ko 0.69 A (mm) 550
S(m) 2.3 tA (mm) 27.88
c1 10.7 Zeff (cm3) 27.08
Zmin (cm3) 24.28
Bulkhead-Layups
qi(g/m2
No. of layers Fibers Gc ) t(mm) tweb(mm) tflange(mm)
CSM30
1 0 0.28 300 0.81 0.81 0.81
2 BE1200 0.5 1200 1.67 1.67 1.67
3 uD800 | 0.57 800 0.95 - 0.95
4 BE1200 0.5 1200 1.67 1.67 1.67
5 BE1200 | 0.5 1200 1.67 1.67 1.67
4700 5.81 6.76
kg/m
Q(Total weight) 47 |2
Thickness web 5.81 | mm
Thickness
Flange 6.76 | mm
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Transom- central stiffner

The minimum section Modulus is given by the

following formula

Reinforements selected

Zm=C1*S*b*h*ko H (mm) 40
th (mm) 5
b (m) 0.55 P (mm) 40
h 1.5 tp (mm) 5
ko 0.69 A (mm) 550
S(m) 2.3 tA (mm) 27.88
Zeff
cl 10.7 (cm3) 15.54
Zmin (cm3) 14.01
Central Stiff.-Layups
No. of layers Fibers Gc qi(g/m2) | t(mm) tweb(mm) | tflange(mm)
1 CSM300 | 0.28 300 0.81 0.81 0.81
2 BE1200 0.5 1200 1.67 1.67 1.67
3 uD800 | 0.57 800 0.95 0.95 0.95
4 BE1200 0.5 1200 1.67 1.67 1.67
3500 5.09 5.09 5.09
Q(Total weight) 3.5 | kg/m2
Thickness web 5.09 | mm
Thickness
Flange 5.09 | mm
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5.13 Superstructure-Structure:

Superstructure-Ribs

following formula

The minimum section Modulus is given by the

Reinforements selected

Zm = 5.5*%SA2*s*h*ko H (mm) 60
th (mm) 7
s (m) 1.5 P (mm) 80
h 1.5 tp (mm) 8
ko 0.69 A (mm) 440
S(m) 2.5 tA (mm) 17.88
Zeff
(cm3) 59.46
Zmin (cm3) 53.37
Superstructure-Ribs-Layups
No. of layers Fibers Gc qi(g/m2) t(mm) tweb(mm) | tflange(mm)
1 CSM300 0.28 300 0.81 0.81 0.81
2 BE1200 0.5 1200 1.67 1.67 1.67
3 BE1200 0.5 1200 1.67 1.67 1.67
4 uD800 0.57 800 0.95 - 0.95
5 BE1200 0.5 1200 1.67 1.67 1.67
6 BE1200 0.5 1200 1.67 1.67 1.67
5900 7.48 8.42
Q(Total
weight) 5.9 | kg/m2
Thickness web 7.48 | mm
Thickness
Flange 8.42 | mm

Superstructure-Frames

following formula
Zm = 5.5*SA2*s*h*ko

The minimum section Modulus is given by the

s (m) 1.5
h 1.5
ko 0.69

Reinforements selected

H (mm) 80

th (mm) 7

P (mm) 80

tp (mm) 8

A (mm) 780
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S(m) 3 tA (mm) 17.88
Zeff
(cm3) 77.61
Zmin (cm3) 76.85
Superstructure-Frames-
Layups
No. of layers Fibers Gc qi(g/m2) t(mm) tweb(mm) | tflange(mm)
1 CSM300 0.28 300 0.81 0.81 0.81
2 BE1200 0.5 1200 1.67 1.67 1.67
3 BE1200 0.5 1200 1.67 1.67 1.67
4 uD800 0.57 800 0.95 - 0.95
5 BE1200 0.5 1200 1.67 1.67 1.67
6 BE1200 0.5 1200 1.67 1.67 1.67
5900 7.48 8.42
Q(Total
weight) 5.9 | kg/m2
Thickness web 7.48 | mm
Thickness
Flange 8.42 | mm
5.14 Summary:
Single skin platings
Section 1 Section 2 Section 3
Plating tmin(mm) tmin(mm) tmin(mm) teff(mm)
Bottom 14.09 16.72 16.05 20.58
Keel
23.40 23.40 23.40 27.71
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Sandwhich platings
. Section 1 Section 2 Section 3
Plating X . :
tmin(mm) tmin(mm) tmin(mm) teff(mm)
Outer 3.78 3.78 3.78 5.30
Side core 9.68 13.06 10.21 20
inner 2.94 2.94 2.94 4.44
Outer 3.78 3.78 3.78 5.30
Superstructure core 7.40 7.40 7.40 12
inner 2.94 2.94 2.94 4.44
Outer 3.78 3.78 3.78 5.30
Deck core 4.53 5.88 4.85 10
inner 2.94 2.94 2.94 4.44
No. tmin(mm) | teff(mm) Type Zmin(cm3) | Profile(mm) | Zeff(cm3)
Outer 3.78 4.55 Central Verticals 30.62 70x7x70x8 34.64
Bulkhead - -
1 core 21.47 20 Side Verticals 25.90 60x5x60x6 26.72
inner 2.94 3.33
Outer 3.78 4.55 Central Verticals 28.42 70x4x70x5 31.15
Bulkhead - -
) core 12.25 25.00 Side Verticals 23.30 60x5x60x6 27.45
inner 2.94 3.33
Outer 3.78 4.55 Central Verticals 32.89 70x6x70x7 34.2
Bulkhead - ;
3 core 26.95 30.00 Side Verticals 29.29 70x5x7x5 31.79
inner 2.94 3.33
Outer 3.78 4.55 Central Verticals 31.52 60x5x60x6 33.69
Bulkhead - ;
4 core 26.95 25.00 Side Verticals 26.73 70x6x70x7 27.08
inner 2.94 3.33
Outer 3.78 4.55 Central Verticals 24.28 60x5x60x6 27.08
Bulkhead - ;
5 core 26.95 20.00 Side Verticals 16.31 50x5x50x6 22.18
inner 2.94 3.33
Outer 3.78 4.55 Central Verticals 6.34 40x5x40x5 15.54
Transom | core 21.81 20.00 Side Verticals 14.01 40x5x40x5 15.54
inner 2.94 3.33
Superstructure
Type Zmin(cm3) Profile(mm) Zeff(cm3)
Transverse Ribs 53.37 80x7x60x8 59.46
Longitudinals 76.85 80x7x80x8 77.61
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6. WEIGHT AND CENTER OF GRAVITY:

A thorough weighing of all the structures on board is done when the scantling calculations is
finished. The displacement and location of the center of gravity may be precisely estimated in
this way.

The bottom, keel, sides, deck, superstructure, and bulkheads are considered plating. The
reinforcements of the structures divided into web, flange and core such that the weight
contributed by each segment could be analysed accurately.

With the help of the 3D hull model, A system of Cartesian axes with a center point at the
intersection of the keel line and the transom on the centerline allowed for the estimation of the
extension of the surfaces of the elements under consideration as well as the location of their
centers of gravity.

The center of gravity will be determined using the static moments theorem, and the overall
weight of the structures will be the sum of the weights of all the components that make up the
boat's structures.

A 20% increase was applied to the overall weight at the end of the weighing process to account
for any overlaps & unanticipated circumstances.

Unit Weight-
Platings Area Weight Laminates Volume of core
m2 kg kg/m2 m3
Bottom 127 13.6 1727.2
Keel 30 18.8 564
Side 111 5.95 660.45 2.22
Deck 288 5.95 1713.6 2.88
Superstructure 256 5.95 1523.2 3.072
Density of Weight of
core core Net weight Xg Yg g Mx My Mz
kg/m3 kg/m2 kg/m2 m m m kg*m kg*m kg*m
1727.2 11.81 0 1.3 | 20398.23 0 2262.6
564 13.21 0 0.5 | 7450.44 0 259.44
100 222 882.45 12.03 0 1.9 | 10615.87 0 1659
80 230.4 1944 12.69 0 3.5 | 24669.36 0 6726.2
80 245.76 1768.96 11.38 0 5.7 | 20130.76 0 10083
Total 6886.61 12.09 0 3.05 | 83264.67 0 20990
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Weight- | Volume of | Density of |Weight of| Net
Hull structures | sections | Area | Unit Weight | Laminates core core core weight Xg Yg| g Mx My Mz
m2 kg kg/m2 m3 kg/m3 kg/m2 | kg/m2 m m m kg*m | kg*m | kg*m
) Flange 5.75 14.35 82.5125
Long. Girder-sec.1 g 302.9405 533 0 043 |[161467| 0 |130.2644
web 12.56 10.05 126.228
Core 1.57 60 94.2
Flange 6.55 14.35 93.9925
Long. Girder-sec.2 | web 11.54 10.05 115.977 296.5195 13.51 0| 043 |[400598| 0 [127.5034
Core 1.44 60 86.55
Flange 5.7 14.35 81.795
Long. Girder-sec.3 | web 12.56 10.05 126.228 302.223 14.86 0| 043 |[4491.03| 0 [129.9559
Core 1.57 60 94.2
Bottom floors- Flange 0.25 3.95 0.99
web 1.12 3.15 3.53 6.1955 1.26 0 1.18 |7.80633 0 7.31069
Frame 01
Core 0.03 60 1.68
Flange 0.27 3.95 1.07
Bottom floors-
web 1.1 3.15 3.47 6.1815 4.03 0 1.11 249114 0 6.861465
Frame 03
Core 0.03 60 1.65
Bottom floors- Flange 0.27 3.95 1.07
web 1.12 3.15 3.53 6.2745 5.38 0 1.06 33.7568 0 6.65097
Frame 04
Core 0.03 60 1.68
Bottom floors- Flange 0.27 3.95 1.07
web 1.12 3.15 3.53 6.2745 8.12 0 1.05 50.9489 0 6.588225
Frame 06
Core 0.03 60 1.68
Bottom floors- Flange 0.27 3.95 1.07
web 1.12 3.15 3.53 6.2745 9.57 0 1.03 60.047 0 6.462735
Frame 07
Core 0.03 60 1.68
Bottom floors- Flange 0.27 3.95 1.07
web 1.12 3.15 3.53 6.2745 10.96 0 1.05 |68.7685 0 6.588225
Frame 08
Core 0.03 60 1.68
Bottom floors- Flange 0.27 3.95 1.07
web 1.06 3.15 3.34 5.9955 14.11 0 1.05 |84.5965 0 6.295275
Frame 10
Core 0.03 60 1.59
Bottom floors- Flange 0.26 3.95 1.03
web 1.04 3.15 3.28 5.863 16.97 0 1.13 99.4951 0 6.62519
Frame 12
Core 0.03 60 1.56
Bottom floors- Flange 0.25 3.95 0.99
web 1.04 3.15 3.28 5.8235 18.35 0 1.12 106.861 0 6.52232
Frame 13
Core 0.03 60 1.56
Bottom floors- Flange 0.25 3.95 0.99
web 1.01 3.15 3.18 5.684 19.61 0 1.28 111.463 0 7.27552
Frame 14
Core 0.03 60 1.515
Bottom floors- Flange 0.25 3.95 0.99
web 1.01 3.15 3.18 5.684 20.85 0 1.42 118.511 0 8.07128
Frame 15
Core 0.03 60 1.515
Bottom floors- Flange 0.24 3.95 0.95
web 0.98 3.15 3.09 5.505 23.54 0 1.6 129.588 0 8.808
Frame 17
Core 0.02 60 1.47
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Flange 0.13 5.95 0.77
Side Ribs-Frame 1 | web 0.5 4.35 2.18 3.6985 1.26 2.01 |4.66011 7.433985
Core 0.01 60 0.75
Flange 0.05 5.95 0.30
Side Ribs-Frame 3 | web 0.25 4.35 1.09 1.76 4.03 1.21 | 7.0928 2.1296
Core 0.01 60 0.375
Flange 0.05 5.95 0.30
Side Ribs-Frame 4 | web 0.25 4.35 1.09 1.76 5.38 1.21 | 9.4688 2.1296
Core 0.01 60 0.375
Flange 0.05 5.95 0.30
Side Ribs-Frame 6 | web 0.25 4.35 1.09 1.76 8.12 122 |14.2912 2.1472
Core 0.01 60 0.375
Flange 0.05 7.15 0.36
Side Ribs-Frame 7 | web 0.25 5.55 1.39 2.12 9.57 13 |20.2884 2.756
Core 0.01 60 0.375
Flange 0.05 7.15 0.36
Side Ribs-Frame 8 | web 0.25 5.55 1.39 212 10.96 138 |[23.2352 2.9256
Core 0.01 60 0.375
Flange 0.13 7.15 0.93
Side Ribs-Frame 10|  web 0.55 5.55 3.05 4.807 14.11 1.84 |67.8268 8.84488
Core 0.01 60 0.825
Flange 0.11 7.15 0.79
Side Ribs-Frame 12| web 0.4 5.55 2.22 3.6065 16.97 163 |61.2023 5.878595
Core 0.01 60 0.6
Flange 0.09 3.95 0.36
Side Ribs-Frame 13|  web 0.37 3.15 1.17 2.076 18.35 161 |38.0946 3.34236
Core 0.01 60 0.555
Flange 0.87 3.95 3.44
Side Ribs-Frame 14|  web 0.35 3.15 1.10 5.064 19.61 1.65 | 99.305 8.3556
Core 0.01 60 0.525
Flange 0.88 3.95 3.48
Side Ribs-Frame 15|  web 0.31 3.15 0.98 4.9175 20.85 175 | 102.53 8.605625
Core 0.01 60 0.465
Flange 0.87 3.95 3.44
Side Ribs-Frame 17|  web 0.31 3.15 0.98 4.878 23.54 1.81 |114.828 8.82918
Core 0.01 60 0.465
Flange 5 7.16 35.80
Deck Long.-01 web 10 5.56 55.60 141.4 12.41 3.13 1754.77 442.582
Core 1.25 40 50
Flange 5.22 7.16 37.38
Deck Long.-02 web 10.45 5.56 58.10 147.7272 12.75 3.12 1883.52 460.9089
Core 1.31 40 52.25
Flange 5.28 7.16 37.80
Deck Long.-03 web 10.56 5.56 58.71 149.3184 12.75 3.12 1903.81 465.8734
Core 1.32 40 52.8
Flange 5.28 7.16 37.80
Deck Long.-04 web 10.56 5.56 58.71 149.3184 12.75 3.12 1903.81 465.8734
Core 1.32 40 52.8
Flange 6.14 7.16 43.96
Deck Long.-05 web 12.32 5.56 68.50 174.0616 11.44 2.82 1991.26 490.8537
Core 1.54 40 61.6
Flange 6.14 7.16 43.96
Deck Long.-06 web 12.11 5.56 67.33 171.844 11.44 2.82 1965.9 484.6001
Core 1.51 40 60.55
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Flange 0.27 5.36 1.45
Deck Trans.-01 web 0.54 4.56 2.46 4.4496 1.26 2.71 5.6065 0 12.05842
Core 0.01 40 0.54
Flange 0.26 5.36 1.39
Deck Trans.-03 web 0.54 4.56 2.46 4.396 4.03 2.81 |17.7159 0 12.35276
Core 0.01 40 0.54
Flange 0.22 5.36 1.18
Deck Trans.-04 web 0.45 4.56 2.05 3.6812 5.38 321 |19.8049| O [11.81665
Core 0.01 40 0.45
Flange 0.22 5.36 1.18
Deck Trans.-06 web 0.45 4.56 2.05 3.6812 8.12 3.21 |29.8913 0 11.81665
Core 0.01 40 0.45
Flange 0.22 5.36 1.18
Deck Trans.-07 web 0.45 4.56 2.05 3.6812 9.57 3.21 |35.2291 0 11.81665
Core 0.01 40 0.45
Flange 0.22 5.36 1.18
Deck Trans.-08 web 0.45 4.56 2.05 3.6812 10.96 3.21 | 40.346 0 [11.81665
Core 0.01 40 0.45
Flange 0.22 5.36 1.18
DeckTrans-10 | web | 045 4.56| 2.0 3.6812 1411 321 (519417 0 |11.81665
Core 0.01 40 0.45
Flange 0.22 5.36 1.18
Deck Trans.-12 web 0.45 4.56 2.05 3.6812 16.97 3.23 62.47 0 11.89028
Core 0.01 40 0.45
Flange 0.22 5.36 1.18
Deck Trans.-13 web 0.44 456] 201 3.6256 18.35 3.44 (665298 0 |12.47206
Core 0.01 40 0.44
Flange 0.22 5.36 1.18
Deck Trans.-14 web 0.44 4.56 2.01 3.6256 19.61 3.44 71.098 0 12.47206
Core 0.01 40 0.44
Flange 0.21 5.36 1.13
Deck Trans.-15 web 0.42 4.56 1.89 3.433 20.85 3.44 |71.5781 0 11.80952
Core 0.01 40 0.415
Flange 0.20 5.36 1.07
Deck Trans.-17 web 0.40 456 1.82 3.296 23.54 3.44 |77.5878| 0 [11.33824
Core 0.01 40 0.4
Full Vessel 1990.863 | 11.8160493 1.75267 | 23524.1 3489.33
Weight- | Volume of | Density of | Weight of Net
Platings-Bulkheads | Area Unit Weigh{ Laminates core core core weight Xg Yg g Mx My Mz
m2 kg kg/m2 m3 kg/m3 kg/m2 kg/m2 m m m | kg*rm | kg*m | kg*m
Bulhead 1 8.12 4.8 38.976 0.1624 80 12.992 51.968 2.53 0 1.8 |131.479 0 [94.062
Bulhead 2 7.81 4.8 37.488 0.1562 80 12.496 49,984 6.73 0 1.8 | 336.392 0 (90471
Bulhead 3 6.89 4.8 33.072 0.1378 80 11.024 44,096 12.55 0 1.8 | 553.405 0 79.814
Bulhead 4 7.14 4.8 34.272 0.1428 80 11.424 45.696 20.85 0 1.8 | 952.762 0 82.71
Bulhead 5 3.55 4.8 17.04 0.071 80 5.68 22.72 23.53 0 1.8 | 534.602 0 39.76
Transom 3.54 4.8 16.992 0.0708 80 5.664 22.656 0 0 1.8 0 0 39.648
Full Vessel 237.12 | 10.57962 1.8 | 2508.64 426.46
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Bulkhead sections Weight- | Volume of | Density of |Weight of |  Net
structures Area | Unit Weight | Laminates core core core weight Xg Yg g Mx My Mz
m2 kg kg/m2 m3 kg/m3 kg/m2 kg/m2 m m m kg*m | kg*m | kg*m
Flange 0.18 5.9 1.062
Center-Bulkhead 1| web 036 5.1 1.836 3.402 2.55 0| 181 | 86751 | O 6.16
Core 0.01 40 0.504
Flange 0.17 4.7 0.799
Center-Bulkhead 2| web 0.34 3.9 1.326 2.601 6.78 0 18 [17.6348| 0 4.68
Core 0.01 40 0.476
Flange 0.19 5.9 1.121
Center-Bulkhead 3| web 0.38 5.1 1.938 3.591 12.58 0| 175 |45.1748] 0 6.28
Core 0.01 40 0.532
Flange 0.18 5.9 1.062
Center-Bulkhead 4 | web 0.36 5.1 1.836 3.402 20.91 0| 166 |71.1358| O 5.65
Core 0.01 40 0.504
Flange 0.15 4.7 0.705
Center-Bulkhead 5| web 0.3 3.9 1.17 2.295 22.12 0| 216 |50.7654| 0O 4.96
Core 0.01 40 0.42
Flange 0.14 3.5 0.49
Center-Transom web 0.28 2.7 0.756 1.638 0.08 0 1.05 [0.13104| © 1.72
Core 0 0.01 40 0.392
Flange 0.14 4.3 0.602
Side-Bulkhead 1 web 0.28 3.5 0.98 1.918 2.55 0| 191 |48909| O 3.66
Core 0.01 40 0.336
Flange 0.141 4.7 0.6627
Side-Bulkhead 2 web 0.3 3.9 1.17 2.1927 6.78 0| 181 |14.8665| O 3.97
Core 0.01 40 0.36
Flange 0.15 4.7 0.705
Side-Bulkhead 3 web 0.3 3.9 1.17 2235 12.58 0| 177 |281163| O 3.96
Core 0.01 40 0.36
Flange 0.14 4.7 0.658
Side-Bulkhead 4 web 0.3 3.9 1.17 2.188 20.91 0| 181 |457511] O 3.96
Core 0.01 40 0.36
Flange 0.11 3.5 0.385
Side-Bulkhead 5 web 0.2 2.7 0.54 1.165 22.12 0 248 |[25.7698| 0 2.89
Core 0.01 40 0.24
Flange 0.08 3.5 0.28
Side-Transom web 0.14 2.7 0.378 0.854 0.08 0| 111 |0.06832| 0 0.95
Core 0.00 40 0.196
Full Vessel 38.0344 | 11.36977925 1.79362 | 432.443 68.22
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Weight-
Superstructure sections Laminate| Volume | Density | Weight Net
Structures Area  |Unit Weight S of core | of core | of core | weight Xg Yg g Mx My Mz
m2 kg kg/m2 m3 kg/m3 | kg/m2 | kg/m2 m m m kg*m kg*m kg*m
Superstructure Flange 0.51 5.9 3.009
Rib 1 web 0.729 5.1 3.7179 7.7475 721 0 5.02 55.86 0.00 38.89
Core 0.03 40 1.0206
Superstructure Flange 0.51 5.9 3.009
Rib 2 web 0.78 5.1 3.978 8.079 9.48 0 5.02 76.59 0.00 40.56
Core 0.03 40 1.092
Superstructure Flange 0.51 5.9 3.009
Rib 3 web 0.82 5.1 4.182 8.339 11.62 0 5.02 96.90 0.00 41.86
Core 0.03 40 1.148
Superstructure Flange 0.48 5.9 2.832
Rib 4 web 0.78 5.1 3.978 7.902 13.78 0 5.02 108.89 0.00 39.67
Core 0.03 40 1.092
Superstructure Flange 0.48 5.9 2.832
Rib 5 web 0.75 5.1 3.825 7.707 15.96 0 5 123.00 0.00 38.54
Core 0.03 40 1.05
Superstructure Flange 0.45 5.9 2.655
Rib 6 web 0.7 5.1 3.57 7.205 18.03 0 4.96 129.91 0.00 35.74
Core 0.02 40 0.98
Superstructure Flange 0.56 5.9 3.304
Longitudinal 1 web 1.04 5.1 5.304 10.064 8.66 0 4.63 87.15 0.00 46.60
Core 0.04 40 1.456
Superstructure Flange 0.56 5.9 3.304
Longitudinal 2 web 1.04 5.1 5.304 10.064 8.66 0 5.5 87.15 0.00 55.35
Core 0.04 40 1.456
Superstructure Flange 0.56 5.9 3.304
— web 1.04 5.1 5.304 10.064 8.66 0 6.36 87.15 0.00 64.01
Longitudinal 3
Core 0.04 40 1.456
Full Vessel 77.1715| 11.04825 5.198888| 852.61 401.21
Net
Summary weight Xg Yg Zg Mx My Mz
kg/m2 m m m kg*m kg*m kg*m
Total 9229.799 9.43 0 2.75 87060.11 0 25375.61
20% allowance | 1845.96 17412.023 5075.122
Total weight 11075.76 8.67 0 2.79 104472.14 0 30450.73
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6.1 Global Weight And Center Of Gravity Calculation:

After completing the scantling of the vessel and estimating the weight of the plating and
structure, the next step is to calculate the vessel's total weight, including outfitting, machinery,

and consumables.

This process involves determining the weight and center of gravity for each individual
component. The final goal is to calculate the ship's overall displacement by summing these
weights and pinpointing the vessel's center of gravity.

Department of Naval Architecture, University of Genova (La Spezia Campus)

Tanks(Empty)
Net

Types weight Xg Yg Zg Mx My Mz
kg m m m kg*m kg*m kg*m

Fuel tank 300 1.2 0 2.9 360 0 870
Fw Tank 100 11.2 0 2.9 1120 0 290
Bw + Gw Tank 200 12.1 0 2.9 2420 0 580

Lower Deck-crew cabin
Net

Types weight Xg Yg Zg Mx My Mz
kg m m m kg*m kg*m kg*m
bed + mattress 320 6.4 0 1.54 2048 0 492.8

bedside tables 60 6.3 0 1.1 378 0 66
access ladder 50 7.3 0 2.3 365 0 115
Wardrobe 130 6.25 0 1.4 812.5 0 182
coatings 160 5.6 0 2.39 896 0 382.4
toilet 100 4.45 0 1.75 445 0 175
washbasin 60 4.5 0 1.48 270 0 88.8
shower 160 4.45 0 2.24 712 0 358.4
accessories 40 4,55 0 2.11 182 0 84.4
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Lower Deck-Guest cabin

Types Wlt\eli?gtht Xg Yg Zg Mx My Mz

kg m m m kg*m kg*m kg*m
bed + mattress 320 15.3 0 1.54 4896 0 492.8
coffee tables 20 14.3 0 1.05 286 0 21
armchairs 100 16.1 0 1.1 1610 0 110
Wardrobe 130 15.33 0 1.34 1992.9 0 174.2
coatings 160 11.5 0 2.39 1840 0 382.4
toilet 100 13.1 0 1.75 1310 0 175
washbasin 60 13.9 0 1.48 834 0 88.8
shower 160 12.5 0 2.24 2000 0 358.4
accessories 40 12.66 0 2.13 506.4 0 85.2

Lower Deck-Master cabin
Net
Types weight Xg Yg Zg Mx My Mz

kg m m m kg*m kg*m kg*m
bed + mattress 160 10.3 0 1.54 1648 0 246.4
bedside tables 30 9.1 1.15 2.14 273 345 64.2
access ladder 25 13.1 2.25 2.38 327.5 56.25 59.5
Sofa 50 11.2 3.35 1.8 560 167.5 90
Wardrobe 65 8.4 3.33 2.34 546 216.45 152.1
coatings 80 10.1 1.25 2.39 808 100 191.2
toilet 50 8.3 0 1.74 415 0 87
washbasin 30 9.1 0 1.47 273 0 44.1
shower 80 8.4 0 2.24 672 0 179.2
accessories 20 8.34 0 2.2 166.8 0 44
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Lower Deck-captains cabin

Net
Types weight Xg Yg g Mx My Mz
kg m m m kg*m kg*m kg*m
bed + mattress 160 7.23 -2.03 1.54 1156.8 -324.8 246.4
bedside tables 30 6.22 -2.01 1.02 186.6 -60.3 30.6
Wardrobe 65 8.11 0 2.01 527.15 0 130.65
coatings 80 19.29 -2.25 2.39 1543.2 -180 191.2
toilet 50 8.11 0 1.75 405.5 0 87.5
washbasin 30 7.22 0 1.48 216.6 0 44.4
shower 80 7.92 0 2.24 633.6 0 179.2
accessories 20 7.11 0 2 142.2 0 40
portholes and
windows 150 0 0 0 0 0
Main Deck-Interior and exterior
Net
Types weight Xg Yg zg Mx My Mz
kg m m m kg*m kg*m kg*m
Flooring 200 12.25 0 3.54 2450 0 708
Dinning Table
set 160 10.3 0 4.24 1648 0 678.4
beds at bow 90 19.4 0 3.79 1746 0 341.1
sun lounges 40 2.11 0 4.03 84.4 0 161.2
lounge Sofa 150 7.4 0.9 3.9 1110 135 585
sofa exterior 60 5.1 0.74 4.11 306 44 .4 246.6
arm sofa 60 15.3 1.43 4.02 918 85.8 241.2
Galley and kitchen furniture at lower
deck
Windows-
primary 300 13.22 0 2.6 3966 0 780
Door-Galley 50 134 3.45 2.31 670 172.5 115.5
Door 50 13.44 0 2.45 672 0 122.5
dishwasher 100 14.15 0 3.88 1415 0 388
galley -sink 30 12.44 -1.98 1.48 373.2 -59.4 44.4
Refrigerator 80 14.22 2.82 2.15 1137.6 225.6 172
oven 70 13.1 2.25 1.41 917 157.5 98.7
Storage cabinets 60 124 1.68 2.11 744 100.8 126.6
Stovetop 70 131 1.65 2.54 917 115.5 177.8

Department of Naval Architecture, University of Genova (La Spezia Campus)

79




VIP cabin

at lower
deck
window 150 20.11 0.3 2.41 3016.5 45 361.5
bed + mattress 160 19.41 0 1.61 3105.6 0 257.6
wardrobe 60 19.22 0 2.22 1153.2 0 133.2
shower 135 17.22 2.75 2.24 2324.7 371.25 302.4
wheel house at main
deck
captain
chairs 110 11.12 0 4.21 1223.2 0 463.1
consoles + -
cabinets 220 12.44 -2.3 4.31 2736.8 506 948.2
Flybridge
Types kg Xg Yg zg Mx My Mz
captain chairs 110 8.22 0 7.18 904.2 0 789.8
consoles 135 9.22 0 7.2 1244.7 0 972
cabinets 70 9.1 0 7.21 637 0 504.7
lounges 150 6.4 0 6.5 960 0 975
ladder 50 6.33 0 6.1 316.5 0 305
Total 515 39.27 0 34.19 20224.05 0 17607.85
Machineries
Net
Types weight Xg Yg g Mx My Mz
kg m m m kg*m kg*m kg*m
Engines 3000 2.25 0 1.23 6750 0 3690
genset 400 3.4 0 1.45 1360 0 580
batteries 275 2.35 0 2.11 646.25 0 580.25
Bilge pumps 40 1.3 0 0.6 52 0 24
Watermaker 50 3.2 0 1.11 160 0 55.5
Insulation 100 2.25 0 1.64 225 0 164
piping-general 150 12.2 0 2.85 1830 0 427.5
piping-exhaust 300 1.75 0 2.24 525 0 672
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Piping-ventilation 120 3.55 0 2.1 426 0 252
switchboards 50 6.72 0 2.54 336 0 127
seachest & filters 100 1.45 0 0.56 145 0 56
Shaftline & props. 400 0.85 0 0.5 340 0 200
Air conditioning 200 11.38 0 3.11 2276 0 622
bilge/fire systems 110 7.1 0 2.85 781 0 313.5
Lighting 130 12.4 0 3.2 1612 0 416
Conduits 200 12.2 0 2.86 2440 0 572
Safety equipments 100 6.75 0 2.55 675 0 255
winch 250 23.45 0 3.1 5862.5 0 775
Anchor with chains 350 23.45 0 3.74 8207.5 0 1309
Fittings and cleates 200 12.45 0 3.7 2490 0 740
Net Weight 13320 7.92 0.07 2.02
10% allowance 1332
Total weight 14652 7.92 0.07 2.02 105558.2 897.55 26964
6.2 SUMMARY:
Consumables
Net
volume | Density | weight Xg Yg g My Mz
100%
Deparutre | m3 kg/m3 kg m m m kg*m | kg*m kg*m
Fuel 10000 0.85 8500 1.2 0 3.1 10200 0 26350
Freshwater 1000 0.99 990 11.2 0 3.1 11088 0 3069
Black+Grey
water 1000 0.99 0 12.1 0 3.1 0 0
No. of
pax(8+3) 800 11.2 0 5.7 8960 0 4560
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Summary at 100% Net
load weight Xg Yg g Mx My Mz
kg m m m kg*m kg*m kg*m
Structures 11075.76 8.67 0 2.79 96026.8288 0 30901.37
Outfittings+machinery | 14652 7.92 0.07 2.02 116114.02 | 987.305 | 29660.4
Consumables 10290 2.940 0 3.30 30248 0 33979
Net Total 36017.76 6.73 0.03 2.62 | 242388.849 | 987.305 | 94540.77
Net
volume | Density | weight | Xg Yg g Mx My Mz
50% m3 kg/m3 kg m m m kg*m kg*m kg*m
Fuel 5000 0.85 4250 | 1.2 0 3.1 5100 0 13175
Freshwater 500 0.99 495 112 O 3.1 5544 0 1534.5
Black+Grey
water 500 0.99 495 [121| O 3.1 5989.5 0 1534.5
No. of
pax(8+3) 800 |11.2| O 5.7 8960 0 4560
s t50%load | o
ummary a 0104 weight Xg Yg zg Mx My Mz
kg m m m kg*m kg*m kg*m
Structures 11075.76 | 10.03 0 |2.12|111089.861 0 23480.61
Outfittings+machinery | 14652 7.92 |0.07|2.02| 116114.02 | 987.305 | 29660.4
Consumables 5145 4.974 0 |4.04| 255935 0 20804
Net Total 30872.76 | 8.19 | 0.03 | 2.40 | 252797.381 | 987.305 | 73945.01
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Net
volume | Density | weight | Xg Yg zg Mx My Mz
10% Arrival | m3 kg/m3 kg m m m kg*m kg*m kg*m
Fuel 1000 0.85 850 1.2 0 3.1 1020 0 2635
Freshwater 100 0.99 99 112 O 3.1 1108.8 0 306.9
Black+Grey
water 100 0.99 99 121 O 3.1 1197.9 0 306.9
No. of
pax(8+3) 800 |11.2] O 5.7 8960 0 4560
Net
0,
Summary at 10% load weight Xg Yg Zg Mx My Mz
kg m m m kg*m kg*m kg*m
Structures 11075.76 | 10.03 0 |212]111089.861 0 23480.61
Outfittings+machinery | 14652 7.92 |0.07|2.02 | 116114.02 | 987.305 | 29660.4
Consumables 1848 6.649 0 |4.23 12286.7 0 7808.8
Net Total 27575.76 | 8.68 | 0.04 | 2.21 | 239490.581 | 987.305 | 60949.81
Summary Net weight Xg Yg
kg m m
Full load - 100% 36017.76 6.73 0.03
Mid voyage - 50% 30872.76 8.19 0.03
Arrival - 10% 27575.76 8.68 0.04
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7. PRELIMINARY STABILITY ANALYSIS:

After the hull has been faired, we check hydrostatic parameters such as displacement, LCB,
VCB, LCF, BMT, BML, waterplane area, and surface area to ensure accuracy and consistency
in their trends. The drafts are evaluated over a range from 0.05m to 2.5m.

Following this, a preliminary weight estimation is conducted, and basic loading cases are
analyzed to see if the vessel meets stability criteria. If these initial assessments are successful,
a more detailed and precise weight calculation is carried out.

Stability assessments are then performed for three different loading conditions of the yacht:
This process ensures that the stability of the vessel is accurately evaluated under various
conditions.

Loading Cases:

o Full load departure-100% consumables, Fuel and water tanks 90% filled, other tanks
10%,

* Mid voyage-50% consumables, All tanks 50%,

» Arrival-10% consumables, Fuel and water tanks 10%, all other tanks 90%

The analysed parameters are:

e A: displacement, in tonnes

e V:displacement volume, in m3

S: wetted surface, in m2

e Aw: waterplane surface, in m2

e VCB: vertical centre of buoyancy, in m

e BMT: transverse metacentric radius, in m

e BML: longitudinal metacentric radius, in m
e LCB: longitudinal centre of buoyancy, in m

e LCF: longitudinal centre of floatation, in m

7.1 Hydrostatics Curves:

The hydrostatic particulars and cross curves were determined using the 3D model of the hull,
which was created and analyzed with Maxsurf software.
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Wetted | Hull
Draft Displacement | BMT BML VCB LCB LCF AWL
Surface | Volume
(m) (tonnes) (m) (m) (m) (m) (m) (m?) (m?) (m?)
0 0 0 0 0 0 0 0 0 0
0.05 0.3075( 1.231|769.449 | 0.032| 7.573 7.7 | 10.553 | 10.748 0.3
0.1 1.034 | 1.623 (399.468  0.064 | 7.731 7.859 | 17.587 | 18.093 1.009
0.15 2.091 1.827 | 270.931 0.095 7.83 7.986 | 23.377 | 24.275 2.04
0.2 3.414 | 1.903 | 205.765 | 0.126 | 7.916 8.103 | 28.177 | 29.553 3.331
0.25 4974 | 1.979|(167.079 | 0.158 | 7.992 8.188 | 32.598 34.51 4.853
0.3 6.754 | 2.066 | 141.418 | 0.189 | 8.053 8.251 | 36.817 | 39.292 6.589
0.35 8.746 | 2.161 | 123.122 0.22 | 8.104 8.301 | 40.912 | 43.997 8.533
04 10.95 2.26 109.35 0.251 8.149 8.344 4492 | 48.646 10.68
0.45 13.35( 2.363 | 98.576| 0.283 | 8.189 8.38 | 48.866 | 53.262 | 13.027
0.5 1596 ( 2.469 | 89.879 | 0.314| 8.223 8.411 52.76 | 57.834 | 15.568
0.55 18.76 2.577 | 82.742 0.346 8.254 8.44 | 56.619 | 62.408 18.303
0.6 21.76 2.685 76.75 0.377 8.282 8.466 | 60.444 | 66.971 21.23
0.65 2496 | 2.794 | 71.647| 0.409 | 8.307 8.49 | 64.247 | 71.532| 24.348
0.7 28.35( 2904 | 67.249| 0.441| 8.331 8.513 | 68.033 | 76.095| 27.656
0.75 3193 | 3.013| 63.409( 0.473| 8.353 8.534 | 71.798 | 80.659 | 31.154
0.8 35,71 | 3.124| 59.988 | 0.505| 8.374 8.553 | 75.541 | 85.193 | 34.839
0.85 39.68 | 3.234| 56.988 | 0.537| 8.393 8.572 | 79.281 | 89.761 38.71
0.9 43.84 3.345 | 54.311 0.569 8.411 8.591 83.01 | 94.334 | 42.767
0.95 48.21 3.79 | 53.311| 0.601| 8.425 8.48 | 88.876 | 101.157 | 47.035
1 52.86 | 3.808 | 50.113 | 0.634| 8.434 8.581 | 92.172 | 105.961 | 51.575
1.05 57.64 | 3.663 | 47.325| 0.667 | 8.451 8.691 | 94.221 | 109.671 | 56.238
1.1 62.52 | 3.481 | 44.861| 0.699| 8.474 8.787 95.75 | 112.949 | 60.992
1.15 67.47 | 3.332( 42.724 0.73 | 8.501 8.888 | 97.357 | 116.372 65.82
1.2 7248 | 3.165| 40.793 | 0.761 8.53 8.972 | 98.566 | 119.454 | 70.712
1.25 77.55 | 2.992 3893 0.791| 8.561 9.035 99.4 | 122.208 | 75.661
1.3 82.68 | 2.851( 37.361( 0.821| 8.593 9.108 | 100.421 | 125.187 | 80.662
1.35 87.85| 2.721 | 35945 0.851| 8.626 9.178 | 101.373 | 128.129 | 85.709
1.4 93.07 2.6 | 34.667 0.88 | 8.658 9.244 | 102.268 | 131.038 | 90.799
1.45 98.33 2.48 | 33.363 | 0.909 | 8.691 9.291 | 102.894 | 133.698 | 95.929
1.5 103.6 (| 2.377 | 32.283 | 0.938| 8.724 9.351 | 103.687 | 136.556 101.1
1.55 109 | 2.282 | 31.289 | 0.967| 8.757 9.408 | 104.436 | 139.386 | 106.307
1.6 1143 2.193 | 30.326| 0.996 | 8.788 9.457 | 105.11 | 142.167 | 111.546
1.65 119.7 2.11 | 29.455| 1.024 8.82 9.507 | 105.763 | 144.933 | 116.817
1.7 125.2 ( 2.033 | 28.628 | 1.052 8.85 9.552 | 106.373 | 147.669 | 122.119
1.75 130.6 | 1.962 | 27.831 1.08 | 8.881 9.593 | 106.939 | 150.369 | 127.452
1.8 136.1( 1.895| 27.079| 1.109 8.91 9.632 | 107.485 | 153.057 | 132.814
1.85 141.7 | 1.834| 26.374| 1.136| 8.939 9.67 | 108.02 | 155.735 | 138.204
1.9 147.2  1.777 | 25.699 | 1.164| 8.968 9.706 | 108.536 | 158.397 | 143.62
1.95 152.8 ( 1.723 | 25.009 | 1.192| 8.995 9.735 | 108.997 | 161.025 | 149.058
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2 158.4 1.674 | 24.403 1.22 9.022 9.768 | 109.495 | 163.687 | 154.521
2.05 164 1.627 | 23.839 1.247 | 9.048 9.802 | 109.997 | 166.358 | 160.008
2.1 169.7 1.584 ( 23.313 1.275 9.074 9.835 | 110.503 | 169.038 | 165.521
2.15 175.3 1.543 | 22.822 1.303 9.099 9.869 | 111.013 | 171.728 | 171.06
2.2 181 1.505 | 22.364 1.33 9.124 9.904 | 111.53 | 174.429 | 176.626
2.25 186.8 1.469 | 21.936 1.358 9.149 9.939 | 112.051 | 177.139 | 182.217
2.3 192.5 1.435 | 21.525 1.385 9.173 9.973 | 112.567 | 179.848 | 187.833
2.35 198.3 1.403 | 21.146 1.412 9.197 | 10.008 | 113.095 | 182.575 | 193.474
24 204.1 1.372 | 20.787 1.44 9.22 | 10.043 | 113.624 | 185.308 | 199.143
2.45 210 1.343 | 20.444 1.467 | 9.244 | 10.078 | 114.151 | 188.047 | 204.838
2.5 215.8 1.316 | 20.119 1.495 9.267 | 10.113 | 114.681 | 190.794 | 210.56
Hydrostatic particulars
2.5
2
displaceme
nt
——BMT*10
— 1.5
% ——BML
£
o ——VCB*10
— AW
0.5
0
0 20 40 60 80 100
Additionally, the trend for Longitudinal Center of Flotation (LCF) and the Longitudinal Center of
Buoyancy (LCB) relative to the midship was analyzed as a function of draft. This trend was
established using the following formula —
LCF’ = LCF — (LPP/2)
LCB’=LCB - (LPP/2)
With LPP being the length between the perpendicular and LCB & LCF are from transom.
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Lpp 22.342
DRAFT | LcB LCF LCB' LCF'
(m) (m) (m) (m) (m)
0 0 0 0 0
0.05| 773 77| 3508| -3.471
01| 7731 7891 34| 3312
0.15 783 7386 | 3341| -3185
02| 7916 81031 3555| 3068
025 | /992 8188 3479| 2983
03| 8053 82311 39181 29
035 | 8104 8301} 3067| 287
04| 8149 83441 302 | 2827
0.45| 8189 838 | 5982 | -2.791
05| 8223 84111 H948| 276
055 | 82°4 8441 9017| -2.731
06| 8282 8466| 5g89| _2705
0.65 | 8307 849 | 864 | -2.681
07| 8331| 8513| Lol e
075 | 8353 83341 5g18| -2637
08| 8374 8533| 5797| 2618
085 | 8393 | 85721 578| 2599
09| 841| 85911 76| 258
0.95| 8425 848 |  5746| -2.691
1| 843 8581 .55 s
1os| 8451 8691 | s
11| 84741 87871 5697 | -2.384
1.2 853| 8972 -2.641| -2.199
125| 8561 9.035| -2.61| -2.136
13| 8593 9.108| -2578| -2.063

DRAFT

(m)
1.35
1.4
1.45
1.5
1.55
1.6
1.65
1.7
1.75
1.8
1.85
1.9

1.95

2.05
2.1
2.15
2.2
2.25
23
2.35
2.4

2.45

LCB

(m)
8.626
8.658
8.691
8.724
8.757
8.788
8.82
8.85
8.881
8.91
8.939
8.968
8.995
9.022
9.048
9.074
9.099
9.124
9.149
9.173
9.197
9.22

9.244

LCF

(m)
9.178
9.244
9.291
9.351
9.408
9.457
9.507
9.552
9.593
9.632
9.67
9.706
9.735
9.768
9.802
9.835
9.869
9.904
9.939
9.973
10.008
10.043

10.078

LCB'

(m)
-2.545
-2.513
-2.48
-2.447
-2.414
-2.383
-2.351
-2.321
-2.29
-2.261
-2.232
-2.203
-2.176
-2.149
-2.123
-2.097
-2.072
-2.047
-2.022
-1.998
-1.974
-1.951

-1.927
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LCF'

(m)
-1.993
-1.927
-1.88
-1.82
-1.763
-1.714
-1.664
-1.619
-1.578
-1.539
-1.501
-1.465
-1.436
-1.403
-1.369
-1.336
-1.302
-1.267
-1.232
-1.198
-1.163
-1.128

-1.093
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Draft

0

-3
- |CB' == LCF

7.2 Metacentric height and trim:

The initial analysis was carried out to determine the values of GMT (transverse metacentric
height) and trim using the following formula.

GMT =BMT+VCB -VCG

The free surface correction (F.S.C.) was applied for all loading conditions, including the
departure condition, mid-voyage condition, and arrival condition, as the tanks were not fully
filled.

where, the formula was changed considering free surface correction. €x (free surface
correction)

GMT = BMT +VCBy— VCG — &,

tan 3 = (LCG-LCBo) / (BML+VCBo-VCG- gy)

The calculations for the above are tabulated in the summary table below. (GZ curves-Analysis
of righting lever)

The 3 loading conditions were evaluated, and their respective values were plotted and analyzed
as per RINA rules.
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* Case 1: Fully loaded departure-100%

175

15

1.25

0.75

Stability
| Neyd

El Max GZ =1.527 m at 64.5 deg.

1S X
N 0.5
(O] X
0.25
[§;
-0.25
-0.5 X
0. IDO 20 40 60 80 100 120 140 160 180
Heel to Starboard deg.
Heel to Starboard
deg 0 10 20 30 40 50 60 70
GZm 0 0.424 0.716 0.941 1.139 1.349 1.509 1.504
Area under GZ curve 0| 2.1978 | 7.9953 | 16.3138 | 26.7163 | 39.1537 | 53.5425 68.7433
from zero heel m.deg
Free
surface
Tank Width Length it Density Moment Distance d
(m) (m) (m*) (t/m?3) (t-m) (m)
Fuel tank 1 1.2 2.3 8.308 0.85 7.061 1.7
Fuel tank 2 1.2 2.3 8.308 0.85 7.061 1.7
Fresh water 1.1 2.1 0.233 0.99 0.231
Grey water 0.8 2.03 0.087 0.99 0.086
Sewage tank 0.8 2.03 0.087 0.99 0.086
Total 14.525
Free surface
correction 0.200
Criteria Value Actual Status
1 Ao->30° [m-rad] 0.055 0.258036458 Pass
2 Ao->40° [m-rad] 0.09 0.420711616 Pass
3 A30°->40° [m-rad] 0.03 0.162675158 Pass
4 GMT [m] 0.15 1.300 Pass
5 GZmax [m] 0.2 1.298 Pass
6 Angle at GZuax [deg] 25 64.000 pass
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* CASE 2: Mid voyage-50%

GZ m
X

40 60

80

100 120

Heel to Starboard deg.

Stability
| Ney4

El MaxGZ =1.541 m at64.5 deg.

Heel to Starboard deg 0 10 20 30 40 50 60 70
0 0.431| 0.724 0.948 1.144 1.349 1.52 1.519
GZm
Area under GZ curve 0| 2.2382| 8.114 | 16.5037 | 26.9674 | 39.421 | 53.8583 | 69.1934
from zero heel m.deg
Free
surface | Distance
Tank Width Length it Density | Moment d
(m) (m) (m*) (t/m?3) (t-m) (m)
Fuel tank 1 1.2 2.3 8.308 0.85 7.061 1.7
Fuel tank 2 1.2 2.3 8.308 0.85 7.061 1.7
Fresh water 1.1 2.1 0.233 0.99 0.231
Grey water 0.8 2.03 0.087 0.99 0.086
Sewage tank 0.8 2.03 0.087 0.99 0.086
Total 14.525
Free surface correction 0.215
Criteria Value Actual Status
1 Ao->30c | 0.055 | 0.257057 | Pass
2 Aoe->40° 0.09 | 0.420738 | Pass
3 A3p°->40° 0.03 0.16368 Pass
4 GMT 0.15 1.635 Pass
90

Department of Naval Architecture, University of Genova (La Spezia Campus)




« CASE 3: Arrival-10%

1.75

1.5

Stability
I ez

Il Max GZ =1.552 m at64.5 deg.

1.25

0.75

0.5

GZ m
X

0.25

0 20 40 60

80 100

120

Heel to Starboard deg.

140

Heel to Starboard deg 0 10 20 30 40 50 60 70
GZm 0] 0438 0.731 0.955 1.15 1.351 1.528 | 1.532
Area under GZ curve from 0122727 | 8.2216 | 16.6889 | 27.2254 | 39.7146 | 54.1987 | 69.648
zero heel m.deg
Free
surface
Tank Width Length it Density Moment | Distance d
(m) (m) (m*) (t/m?3) (t-m) (m)
Fuel tank 1 1.2 2.3 8.308 0.85 7.061 1.7
Fuel tank 2 1.2 2.3 8.308 0.85 7.061 1.7
Fresh water 1.1 2.1 0.233 0.99 0.231
Grey water 0.8 2.03 0.087 0.99 0.086
Sewage tank 0.8 2.03 0.087 0.99 0.086
Total 14.525
Free surface correction 0.232
Criteria Value Actual Status
1 Ao>30c | 0.055 | 0.256261 | Pass
2 Aoe->40° 0.09 | 0.420687 | Pass
3 Asp->a0° | 0.03 | 0.164426 | Pass
4 GMT 0.15 1.918 Pass
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7.3 SUMMARY:

Net Max
Summary | Weight | Xg | Yg | Zg VCB LCB BMT BML | GMT | Trim | GZ.
[kg] [m] | [m] | [m] [m] [m] [m] [m] [m] [m]
Full load
- 100% 36017 | 6.73 | 0.03 | 2.62 | 0.7672 | 8.5334 3.1532 40.1596 1.3 -0.047 | 1.527
Mid
voyage - -
50% 30872 | 8.19 | 0.03 | 2.40 | 0.7362 | 8.5068 3.2986 42.3378 | 1.635 | 0.0077 | 1.541
Arrival -
10% 27575 | 8.68 | 0.04 | 2.21 | 0.7264 | 8.4816 3.402 42.3066 | 1.918 | 0.0048 | 1.552
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8. POWERING CALCULATION:

8.1 Propeller Design:

After estimating the final resistance of the hull, the next step is to design the propeller. For this,
the worst load condition is considered, which is when the ship is carrying i.e. 100% of its

consumables.

The Wageningen B-series propeller is chosen to provide the necessary thrust based on the ship's
resistance. A sincere consideration for the selection of the propeller diameter and number of
blades were chosen after careful evaluation of the vessel's existing data and the requisite
clearances to prevent damage to the propeller blades in specific conditions. The distance
between the hull and the keel line was an important consideration in selecting the proper

propeller size.

On accordance, the following was chosen:

Diameter (m) 1

Z (No. of blades) 4
Other known data:

Velocity (Kn) 25

Thrust (kN) 49.57

VA (m/s) 12.38

Keller’s gave a formula to estimate the minimum blade ratio to avoid cavitation:
AE/Ao = [(1,03 +0,3Z)T/(pat+yh-pv)D2]+k

Were,

* T=Thrustin N

* Z =No. of propeller blades

* pa = Atmospheric pressure in N/m2

* vh = hydrostatic head at the center of the propeller disc expressed in N/m2

* pv = vapor pressure of sea water in N/ m2

* D = Propeller diameter in m

MINIMUM BLADE AREA BY KELLER

Patm[N/m2] Pvapour[N/m2] vh[N/m2] K AE/AO

101300.00 1750.00 30165.75 0.2 1.05

The keller formula gives the AE/AO ratio as as 1.05,
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To achieve higher efficiency, we compare the maximum speed across different P/D ratios. hat
can be attained, the selection is made in comparison to the maximum speed for various P/D

ratios.

To intersect each Kt curve and determine Jeq, Kq, and eq for each propeller, the (Kt/J2)hull *J?
curve is drawn on the graph. To do this, a variety of J2 values are multiplied by the computed

value of (Kt/J?)hull.
T

]_2 Ao pV2D? v

0.800

0.700

0.600

0.500
Q 0.400 /

i 0,300

0.200
0.100

0.000
0.6 0.8 1

P/D

1.2

1.4

Cavitation check:

Burril's formulas and the accompanying graph were used to make a more detailed assessment
of the cavitation criteria and potential risks. The results indicate that cavitation is within an

acceptable range, therefore it is deemed satisfactory.

Local Cavitation Number at 0.32
0.7R
Thrust Loading Coef 0.20
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0.2
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0.008

Burril Diagram

Warship Propellers
Merchant Ship

Tug & Trawlers

¥ Punto dilavoro

.04

\

o 0.7R

Blount

Burrill 10% back
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8.2 ENGINE PROPELLER MATCHING:

The process of matching enables you to determine whether the selected propeller-engine
coupling enables you to achieve the desired design speed.

The Cummins KTA19-M3 640 is a marine diesel engine produced by Cummins Inc., was
selected It is a leading global manufacturer of engines, power generation products, and related
technologies. The KTA19-M3 is part of Cummins' K-Series engines and is commonly used in
marine propulsion and auxiliary power applications, offering 640 HP (approximately 477 kW)
at 1800 RPM. Cummins engines are widely recognized for their durability, reliability, and
performance in heavy-duty applications such as commercial marine vessels.

For the engine and propeller matching process, it's necessary to compare the results with the
KT/J? curve of the selected propeller using the auxiliary variable KT/J? of the hull. The P/D
ratio of 1.4, which has the highest open water efficiency (ho), is considered the key factor to
focus on.

This operation yielded the values of the dimensionless coefficient Kq and Jeq.

e RPS (Rotation speed), neq = VA/Jeq D
e Po (Power required by propeller) [kw] = n3*r*pi()*Kq*D5
e PB (brake power) [kw] = Po/nr*ns*ng

No. of propellers 2

Diameter (m) 1

Vv RT T KT/)2prop ) Kt 10*Kqg  hO n=Va/DJ n=Va/D) hH hP PB

Knots m/s kg kg rot/sec  rpm kw HP
15 7.716667 3655.378 1864.989 0.325268  1.041 0.208421 0.50445 0.684532 7.116234 483.1304 1.020833 0.677832 219.0486 293.7485
16 8.231111 3918.566 1999.268 0.306463  1.052 0.202088 0.492231 0.687397 7.51128 508.1586 1.020833 0.680669 248.0959 332.7016
17 8.745556 4145.036 2114.814 0.287159  1.065 0.194623 0.477826 0.690388 7.883318 530.8156 1.020833 0.683631 275.7413 369.7745
18 9.26 4335.155 2211.814 0.267887  1.081 0.185465 0.460156 0.69343 8.223497 553.2946 1.020833 0.686643 302.3561 405.4656
19 9.774444 4489.635 2290.63 0.248998  1.094 0.178051 0.44585 0.695332 8.577209 572.7447 1.020833 0.688526 326.7093 438.1236
20 10.28889 4610.619 2352.356 0.230776 111 0.16896 0.42831 0.696896 8.898498 598.6263 1.020833 0.690076 351.7539 471.709
21 10.80333 4701.958 2398.958 0.213467  1.124 0.161039 0.413028 0.697489 9.227046 612.4724 1.020833 0.690662 371.5489 498.2546
22 11.31778 4768.785 2433.054 0.197267  1.142 0.150903 0.393476 0.697055 9.514069 631.6899 1.020833 0.690232 391.8887 525.5305
23 11.83222 4816.769 2457.535 0.182302  1.152 0.145297 0.382663 0.696169 9.860185 649.0819 1.020833 0.689355 410.8584 550.9693
24 12.34667 4851.429 2475.219 0.168631  1.168 0.136367 0.365438 0.693678 10.14795 667.7634 1.020833 0.686889 429.6239 576.1342
25 12.86111 4877.69 2488.617 0.156252 1.18 0.129702 0.352586 0.690851 10.46328 685.9259 1.020833 0.684089 448.0822 600.8871

V Rt T KT/JZ J Kt 10*Kq Mo n=V,/DJ n=V,/DJ ne Ps
prop
Knots m's kg kg rot/sec pm kw HP
25| 12.86111| 4877.69| 2488.617| 0.156252 1.18] 0.129702 | 0.352586| 0.690851| 10.46328| 685.9259| 0.684089| 448.0822| 600.8871
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Propeller Power Curve
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Propeller RPM

This results in a curve showing brake power vs. propeller revolution

Using the load diagram of the selected engine, the power curve at the brake (PB) can be plotted
as a function of the engine's RPM, allowing us to determine the optimal gear ratio at MCR.
Then, by multiplying the propeller's RPM by the chosen reduction ratio, we can calculate the
power curve required by the propeller.

Gear Ratio= Engine RPM / Propeller RPM

After considering the ideal gear ratio, the motor's maximum torque exerted by the motor, and
its maximum RPM, we selected the ZF 2050 series gearbox. This gearbox is compatible with
the chosen engine and has a gear ratio of 2.519

e Maximum power/torque ratings: The gearbox must handle the maximum engine power
without failure.

e RPM limits: The gearbox must operate within the allowable RPM range of the
propeller.

The graph below shows that the selected reduction ratio provides a good engine margin, helping
to prevent the engine from running at full speed.

97
Department of Naval Architecture, University of Genova (La Spezia Campus)



Propeller Matching (Gear Ratio 2.519)
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Engine Load Diagram

The maximum speed of the Yacht that can be achieved after matching is 26 knots.

8.3 EFFICIENCY:

For the three speeds, based upon the engine power, fuel consumption is calculated from the
engine graph and checked for range of navigation. The details are as below-

The vessel has a fuel capacity of 4000 liters and the fuel consumption at various speed:

e 25 knots at 1790 RPM = 206 ltr/hr
e 20 knots at 1550 RPM = 150 ltr/hr
e 15 Knots at 1350 RPM = 103 ltr/hr
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8.4 PLANTS ON BOARD:

Piping Schematics:

The main layouts of the following plants were studied specifically,

e Tank capacity plan

A tank capacity plan is designed to provide a comprehensive overview of all tanks present on
board, facilitating schematic design, weight distribution analysis, and stability assessment. The
vessel is equipped with two fuel tanks capacity of 4000 liters, along with a freshwater tank that
holds 1100 liters. Additionally, there are smaller tanks designated for bilge water, grey water,
and black water storage.

e Fuel System

The fuel system on board supplies power to the engines and has two main non-structural tanks
that can hold up to 4,000 liters of fuel. These tanks are located at stern side, between the
watertight bulkheads on the bridge. They are connected by a balancing pipe, which allows fuel
to be transferred either naturally or with pressure. Additionally, the tanks are equipped with an
air vent pipe to allow proper ventilation.

The tanks are covered with thermal insulation for safety. Refuelling is easy, with nozzles
available on both the starboard and port sides of the ship. The system has filters to make sure
the diesel fuel stays clean and free from water. Fuel supply lines connect the tanks to the main
engines and generators. From the main tank, delivery lines branch out to provide fuel to the
two propulsion engines and two generators. The fuel flow is kept steady by pumps powered by
the engines.
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FUEL SYSTEM ARRANGEMENT

e Bilge System

The bilge system removes water that collects in the lower parts of the hull, called bilge wells,
from things like rain, splashes, leaks, or loss of hull integrity. This brackish water can cause
oxidation and corrosion and need to be expelled overboard.

To make drainage easier, the compartments have recessed areas called sumps where water even
small amounts of liquid can accumulate for suction and subsequent discharge by pump collects.
The system consists of suction pumps connected to a network of pipes, equipped with nonreturn
valves, drawing water from the bilge wells.

The system includes a backup reserve pump for reliability. The system ends with an outboard
discharge pipe with a non-return valve. Each compartment has a submersible pump connected
to an automatic system that activates and discharges directly overboard when a certain liquid
level is reached.

The calculation of the diameter of the bilge main line is carried out using RINA,

* The diameter of the bilge main is to be calculated according to the following formula:
d=0,85L+25

Where:

d: Internal diameter of the bilge main, in mm, to be assumed not less than 32 mm

L: length of the yacht, in m.
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BILGE MAIN LINE

d (mm)

d chosen (mm)

47.1

47

Branch bilge suction pipes

d=0.85L1+25
Where:

L1: Length of the compartment, in m.

BRANCH BILGE SUCTION PIPES

Compartment | L1 (m) d (mm) d chosen (mm)
No.

1 4.26 28.621 28.5

2 245 27.08 27

3 243 27.06 27

4 2.73 27.32 27

5 1.52 26.31 26

6 2.18 26.853 26.5

7 3.81 28.237 28

The capacity of each pump is given as

Q =0,00565 d

Where, d: internal diameter of the bilge main, in mm

THE CAPACITY OF EACH PUMP

Q (m’/h)

Q chosen (m?/h)

12.534

12.5
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SECTION B-B
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e Exhaust System

The exhaust gas system has multiple purposes: it directs the combustion gases from the engine
outside the boat to prevent them from spreading inside, reduces the temperature of the gases
by mixing them with water, reduces gas noise using silencers, and prevents seawater from
flowing back towards the engines.

The exhaust pipes of this system must be watertight and handle gas discharge separately for
each engine. The outboard discharge occurs at the sides of the boat, above the free surface level
to avoid backpressure issues at low speeds. Engine gases first mix with cooling water and then
go through a muffler, which also catches any water that gets into the exhaust system after the
engine is turned off.

e Ventilation

Ventilation is provided by three dynamic air intakes: one on the sides of the hull near the
engines, and one on the starboard side for the generators. These intakes are positioned above
the waterline to minimize the risk of water entering.

SYMBOLIC REPRESENTATION
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pesiGNER  RAHUL RATHOD

DRAWING DESCRIPTION.

EXHAUST, VENTILATION AND COOLING SYSTEM

e Sea Water Cooling System

The engine cooling system uses seawater cooling. Water inlets located in the engine room
ensure a steady flow of seawater, no matter how fast the boat is moving. These seacocks provide
water for both the engine's cooling system and the air conditioning system.

Each seacock has a filter to prevent small debris like sand from causing blockages while the
boat is moving, such as suspended sand. Seawater is drawn in directly by the internal
centrifugal pumps of the engines through dynamic pressure intake valves located at the hull's
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bottom, protected by a grid. When the water becomes too warm for the heat exchanger, it is
discharged into the exhaust pipes to cool down the gases and help reduce noise.

e Freshwater Schematics

The freshwater system on board has a non-structural tank with volume of 1100-liter. The tank
can fill either from the starboard side or by using a water maker that's connected to a seacock
located near the tank.

The tank has a vent, and the system includes a pump that pulls water from the tank and delivers
it to various outlets. To keep steady pressure and reduce the frequency of pump
engagement/disengagement, while also saving battery power, two autoclaves are installed.
Each autoclave has a pump and a diaphragm accumulator that ensures a smoother water flow
without the usual pulsating effect from the pump.

The autoclave has a pressure switch that activates the pump when the air pressure in the storage
tank is low and turns it off when the pressure increases. The water distribution pressure on
board is maintained at 2-3 bar. After the autoclaves, the water system splits into two sections:
one for cold water and the other for hot water. The hot water is generated by a boiler situated
in the engine room after the autoclave.
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e Grey and black water Schematics

The black and grey water system includes two non-structural steel tanks, each with a 500-liter
capacity, and both are vented. The vent on the black water tank has an activated carbon filter
to help reduce unpleasant odors.

The grey water system consists of a network of pipes that gather wastewater from kitchens,
sinks, bidets, showers, tubs, washing machines, and dishwashers, sending it to the designated
tank. Waste from utilities on the upper decks, the waste flows down naturally by gravity. For
the lower deck, the waste is first collected in small vacuum boxes, which hold about 15 liters,
then pumped into the main tank using a vacuum pump. Showers and tubs, which have low
drains, have small electric pumps to help with drainage.

The sewage system features a manifold to which individual toilets are connected. Each toilet
has its own macerator pump, along with a system pump, to help move waste into the designated
tank. When in port or far from shore, waste is discharged through a shared piping system
between the two tanks. The discharge outlet on ground is positioned at the stern of the boat,
while the outboard discharge used while sailing is on the starboard side.
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e Firefighting systems

For boats under 500 tonnages, the fire extinguishing system can be straightforward, typically
featuring fire extinguishers placed in corridors and/or cabins. In this case, it was decided to
equip each cabin and the main deck with a portable powder fire extinguisher.

The engine room must have a mandatory fire-fighting system. For this, a CO2 system has been
installed on board, consisting of three CO2 cylinders, each weighing 25 kg, stored in a well-
insulated and isolated area. A smoke detector is also installed in the engine room, triggering an
alarm on the bridge when activated. The fire-fighting system in the engine room can be
manually activated by pulling the levers on the cabinet located outside the engine room in the
sailors' area.

The first lever opens the cylinder valves, allowing CO2 gas to flow into the manifold and
trigger a pre-alarm siren. The second lever opens the valve that controls the gas in the manifold,
causing it to fill a small cylinder and delay the release of gas by about 30 seconds while the
alarm sirens go off. Afterward, the system automatically closes the ventilation shutters, and the
gas starts to discharge. Up to six dispenser cones are positioned throughout the engine room to
spread the gas evenly, saturating the area and putting out the fire.

SYMBOLIC REPRESENTATION |
' PORTABLE EXTINGUISHER
L= HYDRANT AND HOSE
FE | FIRE LOCKER WITH SUIT

FB | FIRE BLANKET
¥ SUN DECK ) | DISPENSERS
O FIRE SENSORS

&) | ELECTRIC PUMP

FIRE ALARM

- (N O

{55 | CONTROL UNITS

. MAIN DECK

>~ LOWER DECK

POLO G, MARCONI (UNIVERSITY OF GENOVA)

YACHTDESIGN | Swwmnro:
MASTER THESIS | PROF. MICHELE MARTELLI

FIRE FIGHTING SYSTEM
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9. HEATING, VENTILATION AND AIR CONDITIONING (HVAQ):

9.1 Introduction to HVAC in Yacht Design and Technology:

Heating, Ventilation, and Air Conditioning (HVAC) systems play a critical role in yacht design
and technology, ensuring comfort, safety, and energy efficiency for passengers and crew. In the
confined and often challenging environment of a yacht, the HVAC system is responsible not
only for maintaining optimal indoor temperatures and air quality but also for addressing
humidity control, noise reduction, and space optimization. The design of these systems must
account for the unique constraints of the marine environment, such as fluctuating weather
conditions, limited space, power availability, and the need for quiet operation.

Advances in HVAC technology is enhancing yacht design with more sustainable and efficient
solutions. This includes smart energy management systems, advanced insulation, and eco-
friendly refrigerants. Among these, the chilled fan coil system is particularly effective. The use
of a chilled fan coil system allows for individual temperature zones, giving passengers control
over their environment while minimizing energy consumption. Additionally, the chilled water
system is well-suited to the limited space and fluctuating energy needs typical of yachts, as it
can be installed in confined areas and operates quietly key considerations in luxury vessel
design.

This thesis examines the initial design of HVAC systems for yachts, focusing on their
development, implementation, and performance in maritime environments. It analyzes how to
balance efficiency, comfort, and environmental impact, with particular emphasis on how new
technologies are influencing the future of HVAC in yacht design and construction.

Environmental Condition:

The yacht is designed to operate in the Mediterranean Sea, so the HVAC system is tailored for
this environment.

External air temperature is assumed to be 35°C, an external relative humidity of 0.7, and a
sea water temperature of 28°C.

The internal climate aims for a European standard, with a desired temperature of 27°C and
an internal relative humidity of 0.5. Additionally, the engine room is expected to reach 50°C.
2 SST monthly mean - August

“CE S updated 2023-05-08
La ]
e e

R
4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36

Data source: National Centers for Environmental Information ©CEAM 2021
hitps /Awww.ncei noaa gov/

Figure- Average Monthly Sea surface temperature, August 2023 - Mediterranean Sea (Source- www.ceam.es)
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9.2 Thermal Climatic Zones:

To establish the yacht’s thermal climatic zones, areas with similar heat load profiles over time
are grouped together.

A total of 7 zones are identified, with the engine room designated as Zone 0, whose thermal
load is not included in this project.

For simplicity, bathrooms are considered part of the same zone as the main room they are
connected to, and stairways are included in the adjacent rooms.

I ENGINE ROOM
[[] CREW + CAPTAIN CABIN

[ MASTER CABIN
[ GUEST CABIN + GALLEY

3 MAIN DECK

Il VIP CABIN
| | DINING + SALON
[ LOUNGE
“ | OWER DECK
| | B B L e e
I I I ‘ ‘ POLO G. MARCONI (UNIVERSITY OF GENOVA)
0 5 10 15 20 25 S —— T

MASTER THESIS | PROF. FRANCESCO DEVIA
PROJECT:  26-METER MOTOR YACHT
oEsioNer:  RAHUL RATHOD

DRAWING DESCRIPTION:

THERMAL CLIMATIC ZONES

For each climatic zone area is calculated:

L Length Beam Height | Volume
ZONE Description [m] [m] [m] [mA3]
0 Engine Room 3.6 5.47 2.4 47.261
1 Master Cabin 4.1 5.31 2.4 52.250
2 Guest Cabin-1 2.31 1.72 2.4 9.536
3 Guest Cabin-2 2.72 1.82 2.4 11.881
4 VIP Cabin 4.1 3.71 2.4 36.506
5 Crew Cabin 2.1 1.51 2.2 6.976
6 Captain Cabin 2.1 1.62 2.2 7.484
7 Saloon+ Galley 7.42 5.12 2.15 81.679

Total 253.574
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9.3 Calculation of Transmittance:

Heat transfer coefficients h

hi (internal) 9 [W/mA2K]
He (for Air) 50 [W/mA~2K]
Hw (for water) 1500 [W/m~2K]

The external heat transfer coefficient is presumptively appropriate for a
situation thatincludes wind.

Materials thermal conductivity k

Aluminum 167 [W/m K]
Insulation 0.039 [W/mK]
Glass 1 [W/m K]

Transmittance is calculated using the foIIowing formula:

w
B Ther
5 +sz + Ryap +

Where:
 Rgap is the thermal resistance of the gap and is assumed to be 0.16 m?K/W,
¢ hijis the heat transfer coefficient of the internal fluid
he is the heat transfer coefficient of the external fluid
s is the thickness of the material
e Kk is the thermal conductivity of the material.

9.4 Calculation Of Solar Contribution:

To determine the solar contribution for opaque walls the following formula is used:

aH
Tos. =T + N
q.lrd\qlﬂss = KAv(Te = T(n) q"“-”l’ﬂquﬁ' = KAV(TU-S- - Tlﬂ) Qrud = Al"rH

9.5 Calculation Of Heat L.oad Due to Air Changes:

Heat loads from air changes arise because the temperature and relative humidity of outside air
differ from the internal design conditions.

To assess these heat loads, calculations for sensible and latent heat are performed for each
zone using the following formulas:
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dsens = D‘H'V'Cp' (Test_Tint)

"?lat =pn-V-: hLV ) (Yest _Ymt)
Where:

e gsens =Sensible Heat Load [W]

e qlat = Latent Heat Load [W]

e p=air density [Kg/m3]

e n=no. of air changes [1/h]

eV =volume of the zone [m3]

e CP=air-specific heat [KJ/kg K]

e Te=room external temp [C°]

e Ti=room internal temp [C°]

e hLV = latent heat of evaporation of water [KJ/kg]
e  Yext = external specific humidity [Kg v/Kg da]
e Yint = internal specific humidity [Kg v/Kg da]

Air Density PariA 1.2 [Kg/m?3]
Air Specific Heat Ce 1000 [J/Kg K]
Latent Heat of Evaporation of Water hiy 2500000 [J/Kg]
External Temperature Te 35 [°C]
Internal Temperature Water Ti 27 [°C]
Temperature External Tw 24 [°C]
Relative Humidity Rhext 0,7 [-]
Internal Relative Humidity Rhint 0,5 [-]

The ASHRAE psychrometric diagram is utilized to determine both external and internal
specific humidity. This diagram illustrates the thermodynamic properties of humid air, which
is a combination of dry air and water vapor. By inputting internal and external temperatures,
and using the relative humidity curves, specific humidity values are obtained.

For this scenario, the internal specific humidity (Yint) is approximately 0.0112, while the
external specific humidity (Yext) is about 0.02525.
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ASHRAE PSYCHROMETRIC CHART NO. 1
NORMAL TEMPERATURE
BAROMETRIC PRESSURE

SEA LEVEL
101,225 kP

COPYRIGHT 1902 ASHRAE

ARR} \

DRY BULB TEMPERATURE °C

The following table reports the total amount of heat load due to air changes

Master CABIN | n[1/h] n[1/s] ti[°C) | te[®C] | V(mA3] | plkg/mA3] | Qlkg/s] [Cp[)/keK]| qSENS[W] | Y IN [kev/kgas] | Y EST [kgv/kgas] | HIv=2500000 [J/kg] | qlat [Watt] [q_Tot[W]
2 0.0006 20 3 52.250 12 0.03 1000 | 278.6688 0.0112 0.02525 2500000 122353 |1502.199
Guest Cabin-1 | n[1/h] n(1/s] ti[°C) | te[®C] | V(mA3] | plkg/m*3] | Qlkg/s] [Cp[)/keK]| qSENS[W] | Y IN [kev/kgas] | Y EST [kgv/kgas] | HIv=2500000 [J/kg] | qlat [Watt] [q_Tot[W]
2 0.0006 27 3 9,536 12 0.01 1000 50.86 0.0112 0.02525 2500000 22329 |274.1508
GuestCabin-2 | n[t/h] [ n[1/s] ti°C] | te['C] | VImA3] | plkg/mn3] | Qkg/s] [Cp [/keK]| qSENSW] | YIN [kgv/kgas]| Y EST [kev/kgas] | HIv=2500000 [J/kg] | qlat [Watt] |q_Tot[W]
2 0.0006 21 3 11.881 12 0.01 1000 | 63.36512 0.0112 0.02525 2500000 21821  [3415776
wpcabin | n[/hl | nts | otra | tera | vime) | plkgmn3) | Qkes) (oo [i/keki| qSENS (W] | Y IN [kgu/keas] | ¥ EST [kev/keas] | HIv=2500000 i/kg] | qlat [Watt] [q_Tot[W]
2 0.0006 21 3 36.506 12 0.02 1000 | 194.7008 0.0112 0.02525 2500000 854.86 [ 1049.559
CrewCabin | (] | ot | tre | tere | vims) | plkg/m3) | Qikgfs) |cplikeki| o SENS W] [ Y IN [kev/keas] | Y EST [kev/kgas] | Hiv=2500000 i/kg] | qlat [Watt] [q_Tot (W]
2 0.0006 21 3 6.976 12 0.00 1000 | 37.2064 0.0112 0.02525 2500000 163.36  [200.5658
Captain Cabin | n[t/h] | n[1/s] ti[°C] | te['C] | VImA3] | plkg/m?3] | Qke/s] [Cp [/kgK]| qSENS[W] | YIN [kgv/kgas]| Y EST [kev/kgas] | HIv=2500000 [J/kg] | qlat[Watt] |q_Tot[W]
2 0.0006 21 3 7.484 12 0.00 1000 | 30.9168 0.0112 0.02525 2500000 175.26  |215.1765
2 0.0006 20 35 | 8167936 12 0.05 1000 |435.6232533|  0.0112 0.02525 2500000 1912.66 |2348.282
111

Department of Naval Architecture, University of Genova (La Spezia Campus)




9.6 Calculation of Machinery Thermal Loads:

This section assesses heat gain from lighting and electrical appliances.

Ceiling lights are estimated to use 25W each, while table lamps use 15W, both with a utilization
factor of 0.6 per room. Each room is also assumed to have an LED screen, which has the same

use factor of 0.6.

Kitchen appliances are considered separately: the stove and oven have a use factor of 0.2, and

the fridge has a use factor of 0.6. These values are included in the overall calculation.

Although fan coils will contribute to the thermal load, this is not factored into the current

calculations.

Sensible and latent heat gains from humans are obtained from the ASHRAE handbook, with

specific values for this project provided in the accompanying table.

The number of occupants per zone is estimated, and the total heat gain values are calculated

and detailed in the following table.

The table below indicates sensible and latent (vapor) heat from persons. The values can be used to estimate heat loads that must be handled by air

conditioning systems.

Note that the values are based on older ISO and ASHRAE standards. Later ISO and ASHRAE standards should be checked for updated values.

Average
Metabolic
Rate - 28
Degree of Activity Typical Application male
adult
(W)
(Buhr) | Sens.  Lat
Seated at rest Cinema, theater, school 100 50 50
Seated, very light work Computer working 120 50 70
Office work Hotel reception, cashier 130 50 80
Standing, walking slowty Laboratory work 130 50 80
Walking, seated 150 53 97
Moderate work Servant, hair dresser 160 55 105
Light bench work Mechanical production 220 55 165
Moderate Dancing Party 250 62 188
Fast walking Mountain walking 300 80 220
Heavy work Athletics 430 132 298

o 1W =341 Btuhr

Sens.
55
55
56
56
58
60
62
70
88
138

27

Room Dry Bulb Temperature (°C) | (deg F)

Lat.

45
65
74
74
92
100
158
180
212
292

Sens.

60
60
60
60
64
68
70
78
96
144

26 24 22

Heat (W) ®Buair)

Lat. Sens. Lat.
40 67 33 72
60 70 50 78
70 70 60 78
70 70 60 78
86 76 74 84
92 80 80 90
180 85 135 100
172 94 156 110
204 110 190 130
286 154 276 170

Sens.

Lat.

28
42
52
52
66
70
120
140
170
260

Sens.
79
84
86
86
90
98

15
126
145
188

The number of people occupying each zone is approximated. The total values for heat gain

are calculated and reported in the following table.
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21
36
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ZONES n SENSIBLE HEAT LATENT NHEAT USAGE FACTOR HEAEIOL:]DAD
LOAD LOAD
[wi
Master CABIN 820
MACHINERY 500
TELEVISION (42" LED) 1 100 0.6 60
LAPTOP 2 50 0.6 60
TABLE LAMP 2 is 0.6 i8
CEILING LAMPS 4 25 0.6 60
HAIR DRYER 1 1000 0.2 200
MUSIC SYSTEM 1 100 0.6 60
FRIDGE(SMALL) 1 70 0.6 42
SOURCE ANTHROPIC 320
PERSONS SLEEPING 4 40 40 320
TOTAL SENSIBLE | TOTAL LATENT
660 160
Guest Cabin-1 618
MACHINERY 198
TELEVISION (42" LED) 1 100 0.6 60
TABLE LAMP 2 15 0.6 a8
CEILING LAMPS 4 25 0.6 60
MUSIC SYSTEM 1 100 0.6 60
SOURCE ANTHROPIC 420
PERSONS SLEEPING 2 40 40 160
STANDING, WALKING SLOWLY 2 56 74 260
TOTAL SENSIBLE | TOTAL LATENT
390 228
Guest Cabin-2 618
MACHINERY 198
TELEVISION (42'" LED) 1 100 0.6 60
TABLE LAMP 2 is 0.6 18
CEILING LAMPS 4 25 0.6 60
MUSIC SYSTEM 1 100 0.6 60
SOURCE ANTHROPIC 420
PERSONS SLEEPING 2 40 40 160
STANDING, WALKING SLOWLY 2 56 74 260
TOTAL SENSIBLE | TOTAL LATENT
390 228
VIP Cabin 460
MACHINERY 300
TELEVISION (42" LED) 1 100 0.6 60
LAPTOP 2 50 0.6 60
TABLE LAMP 2 is 0.6 i8
CEILING LAMPS 4 25 0.6 60
MUSIC SYSTEM 1 100 0.6 60
FRIDGE(SMALL) 1 70 0.6 a2
SOURCE ANTHROPIC 160
PERSONS SLEEPING 2 40 40 160
TOTAL SENSIBLE | TOTAL LATENT
380 80
Crew Cabin 428
MACHINERY 228
TELEVISION (30" LED) 1 50 0.6 30
LAPTOP 2 50 0.6 60
CEILING LAMPS 4 25 0.6 60
TABLE LAMP 2 15 0.6 a8
MUSIC SYSTEM 1 100 0.6 60
SOURCE ANTHROPIC 200
PERSONS SEATED, REST 2 55 45 200
TOTAL SENSIBLE | TOTAL LATENT
338 90
Captain Cabin 428
MACHINERY 228
TELEVISION (30" LED) 1 50 0.6 30
LAPTOP 2 50 0.6 60
CEILING LAMPS 4 25 0.6 60
TABLE LAMP 2 is 0.6 i8
MUSIC SYSTEM 1 100 0.6 60
SOURCE ANTHROPIC 200
PERSONS SEATED, REST 2 55 a5 200
TOTAL SENSIBLE | TOTAL LATENT
338 90
MACHINERY 3655
TELEVISION (42" LED) 1 100 0.6 60
LAPTOP 4 50 0.6 120
CEILING LAMPS 8 25 0.6 120
FRIDGE 1 300 0.6 180
MUSIC SYSTEM 1 150 0.6 90
FREEZER 1 300 0.6 180
DISH WASHER 1 1200 0.4 480
MICROWAVE 1 850 0.4 340
TOASTER 1 800 0.2 160
COFFE MAKER 1 750 0.3 225
ELECTRIC STOVE 1 3000 0.2 600
WHEELHOUSE EQUIPMENTS 1 1000 0.8 800
OVEN 1 1500 0.2 300
SOURCE ANTHROPIC 1340
PERSONS SEATED, VERY LIGHT WORK 6 55 65 720
WALKING, SEATED 2 58 o2 300
MODERATE WORK 2 60 100 320
TOTAL SENSIBLE | TOTAL LATENT
4221 774
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9.7 Thermal Heat I.oad Condition:

This part evaluates the total heat load by adding together all the contributions to thermal flow.

AIR CHANGES TRANSMITTANCE SOURCE NET TOTAL
e | TGS | poaaren | LTI | TOUSHTON [ SSOORN | o s [T | IS | LT
w w W] W] W] w w
1 Master CABIN 278.67 1223.53 1502.20 268.63 816.00 660 160.00 820.00 3,406.83
2 Guest Cabin-1 50.86 223.29 274.15 155.70 1020.00 390 228.00 618.00 2,067.85
3 Guest Cabin-2 63.37 278.21 341.58 158.93 1020.00 390 228.00 618.00 2,138.50
4 VIP Cabin 194.70 854.86 1049.56 390.08 1020.00 380 80.00 460.00 2,919.64
5 Crew Cabin 37.21 163.36 200.57 165.09 408.00 338 90.00 428.00 1,201.66
6 Captain Cabin 39.92 175.26 215.18 264.08 408.00 338 90.00 428.00 1,315.25
_ 435.62 1912.66 2348.28 3366.84 11635.20 4221.00 774.00 4995.00 22,345.33
1100.34 4831.17 5931.51 4769.36 16327.20 6717.00 1650.00 8367.00 35'39507
COMTEMPORANIETY FACTOR 80%
CHILLER POWER [Btu/h] 96558

9.8 Chiller Selection:

The chiller is selected according to the total thermal heat load with the contemporaneity
factor.

Based on the contemporaneity factor of 80%, the required cooling load for the yacht is
96,558 BTU/h.

A Webasto BLUECOOL P-SERIES TWIN CHILLER P60T is chosen. This chiller has a
capacity of 60000 BTU/h. A picture and the technical specifications follow.

BlueCool P-Series

Enlarged condensers Sea water manifold can
available for tropical be flexibly positioned
conditions

High-efficiency
heat exchangers

Polished stainless steel
encasing

All water connections
on one side -

Long-lasting
epoxy paint

Scroll compressors

50/60 Hz compatible
Pre-mounted chiller

systems on a single tray

Optional silent blocks

effectively reduce vibrations
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BlueCool P-Series

Professional Chiller Series

BhunCims F-Sarien Tepbe chiller

9.9 Fan Coil Selection

BlueCool P-Series

Professional Chiller Series

The selection of fan coils was made based on the thermal loads of each zone without
considering the simultaneous usage factor. The chosen fan coils and their respective
capacities are detailed in the following table.

TOTAL HEAT COMTEMPORANIETY
TOTAL HEAT LOAD NUMBER OF FAN SELECTED FAN
LOAD FACTOR 0.8 FAN COIL MODEL
w] [BTU/N] [BTUM] colL COIL POWER
3,406.83 11,617.29 9,293.83 1 11,617 12,000 BLUECOOL A-Series A12
2,067.85 7,051.37 5,641.10 1 7,051 9,000 BLUECOOL A-Series A9
2,138.50 7,292.30 5,833.84 1 7,292 9,000 BLUECOOL A-Series A9
2,919.64 9,955.98 7,964.79 2 4,978 12,000 BLUECOOL A-Series A12
1,201.66 4,097.65 3,278.12 1 4,098 9,000 BLUECOOL A-Series A9
1,315.25 4,485.02 3,588.01 1 4,485 6,000 BLUECOOL A-Series A6
22,345.33 76,197.56 60,958.05 3 25,399 18000 * 5 BLUECOOL A-Series A18
35,395.07 | 120,697.18 | 96,557.74
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SYMBOLIC REPRESENTATION
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This section evaluates pressure drops in the pipelines carrying cooling liquid from the chiller
to the fan coils. After going through the process in the fan coils, the fluid, which started out in
the chiller at 7°C, returns to it at 12°C.

Assuming a water velocity of 1 m/s, the internal diameter of the pipes is determined to be 15
mm after evaluating the mass flow. The 15mm diameter insulated water pipes are selected
from the Webasto catalog.

The calculation of the friction factor in a pipe can be calculated by means of the Colebrook formula.

——=-20log, | £2—+—
- o210
NA 3.72 ReA
this equation is an implicit equation and, therefore, cannot be solved directly but an iterative process
is required.

There is a simplified, explicit equation that provides the result with an error of less than 10%: it's
the Haaland formula.

1.11 )
I 6.9
=i Blge. || 2] 22
2 05“’[[3.7] Re J

The solution of Colebrook eq. can be found, in few steps, starting from the solution of Haaland one

FARTHEST MASTER CABIN

FAN COIL POWER Prc | 3519.06 w
MASS FLOW m | 0.17 kg/s
VOLUMETRIC FLOW Q | 0.00017 m”3/s
VELOCITY water 1° tentative vi|1 m/s
DIAMETER IDEAL Did | 0.015 m
DIAMETER CHOSEN D | 0.015 m
SECTIONAL AREA OF TUBE 0.000176715 m”2
REAL VELOCITY v | 0.95 m/s

ROUGHNESS € | 0.00002

KINEMATIC VELOCITY u | 0.0000013 m”2/s
Reynolds NO. Re | 10978.25075 -

Relative Roughness
/D (relative roughness) | 0.001333333

friction factor A | 0.0319440

friction factor A | 0.0322141

friction factor A | 0.03218113

friction factor A | 0.03218514

friction factor A | 0.032184652

circuit length L | 30.00 m

DENSITY, water p | 1000 kg/m”"3
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pressure drop Ap | 32756.30 Pa
pump work Aplp | 32.76 J/kg
total chiller power Pch | 35395 w
total chiller flow mch | 1.69 kg/s
chiller pump power Pcirc | 73.86 w
LARGEST SALOON + GALLEY
FAN COIL POWER Prc | 5278.59 w
MASS FLOW m | 0.25 kals
VOLUMETRIC FLOW Q | 0.00025 m"3/s
VELOCITY water 1°tentative vi |1 m/s
DIAMETER IDEAL Did | 0.018 m
DIAMETER CHOSEN D | 0.015 m
SECTIONAL AREA OF TUBE A | 0.000176715 m”2
REAL VELOCITY v|1.43 m/s
ROUGHNESS € | 0.00002
KINEMATIC VELOCITY u | 0.0000013 m~2/s
Reynolds NO. Re | 16467.37612 -
Relative Roughness
/D (relative roughness) | 0.001333333
friction factor A | 0.0293218
friction factor A | 0.0296530
friction factor A | 0.029617545
friction factor A | 0.029621315
circuit length L | 25.00 m
DENSITY, water p | 1000 kg/m"3
pressure drop Ap | 58425.07 Pa
pump work Ap/p | 58.43 J/kg
total chiller power Pch | 35395 w
total chiller flow mch | 1.69 kals
chiller pump power Pcirc | 131.74 W

9.11 Check of Pressure Drops In The Air Ducts:
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The same procedure is performed to check for pressure drops in the air duct, using the pipe
diameter required by fan coils and assuming a length of 2m for all the pipes.

The results are reported below.

Air Data Concentrated Head Losses
p 1.2 [kg/m] Outlet 1
w 10 [m/s] Inlet 0.5
v 1.00E-05 [m¥/s] Elbows 0.7
£ 0.007697 [m] 2.2

ZONE N° 1 2 3 4 5 6 -I
Volumetric [M¥/h] 560
Flow 560 420 420 380 420 380
D air (m] 0.15 0.125 0.125 0.125 0.125 0.125 0.15
Area M’ | 0.017671 | 0.012272 | 0.012272 | 0.012272 | 0.012272 | 0.012272 | 0.017671
w real [m/s] | 8.802644 | 9.506855 | 9.506855 | 8.60144 | 9.506855 | 8.60144 | 8.802644
Lenght [m] 2 2 2 2 2 2 2
Re [-] 1.32E+05 | 1.19E+05 | 1.19E+05 | 1.08E+05 | 1.19E+05 | 1.08E+05 | 1.32E+05
e/D [-] 0.051314 | 0.061577 | 0.061577 | 0.061577 | 0.061577 | 0.061577 | 0.051314
Haaland [ 0.073 0.079 0.079 0.079 0.079 0.079 0.073
Colebrook 1 [ 0.072 0.079 0.079 0.079 0.079 0.079 0.072
Colebrook 2 [ 0.072 0.079 0.079 0.079 0.079 0.079 0.072
Ap [Pa] 147.17 187.83 187.83 153.77 187.83 153.77 147.17
Pplant i 33 32 32 24 32 24 33
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10. RENDERS:
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