MEC-E1004 Principles of Naval Architecture

Lecture 9 — Ship Weights and stability
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Assignment 9 — Weight and stability

* Classify the main components and systems of your ship in accordance
with the SFI system (1st and 2nd level only)

 Using the SFI classification, estimate your ship’s lightship weight and
deadweight (considering its mission). Calculate also the resulting
displacement

« Assess the level of uncertainty in your weight calculations and
determine a “weight reserve”

 Calculate your ship’s vertical centre of gravity (G)
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Classification of systems

Question: Why do you think classification of ship systems is needed?
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Classification of ship systems

* A functional subdivision/classification of
technical ship information

* Needed for a systematic and standardized
description of a ship (ship specification), for
the purpose of

« Weight assessment (using statistics)
 Price estimation (using statistics)
* Production planning and progress monitoring

o Work breakdown system: Blocks — Grandblocks — Areas -
Systems

« Used by shipyards, ship owners, suppliers,
subcontractors,...

Image credit Turun Sanomat
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Classification of systems

* Systems
- Hull, propulsion machinery, outfitting, etc.
- Logical, but can be difficult to define properly

[ ] DiSCiplines M:%j"f“"""i‘g 1 = control
.. : i SPE 0 55 B ol
- Steel, electricity, pipes, etc. i s b ™
- Suitable for hull parts but difficult for outfitting \\"""i{vn::;m"“"“’°'“°"'
° Ship part Image credit Kongsberg
- Bow, stern, deck house, etc.
- Might lead to deep hierarchies
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Classification of systems

Were developed to provide to the yards and to the companies involved in the management and operation
of ships tools to support

» Ship Specifications

« Estimative of ship building (or repair) costs
« Estimative or determination of the Lightship Weight Navigaton
* Procurement of materials, equipment and services.

Thruster

Manoeuvring control

R /”// T z
l_g\%‘ —1 P

Three basic systems: ::ﬁ’;g‘:':‘yem *;_"~'ﬁiil ﬁ:laas;emenrt
&< " g Cargo
S 3 % o management
. MARAD- MARitime ADministration, used by the U.S.A. administration '2‘/“;;,;,: e
\ management
. SWBS- Ship Work Breakdown Structure, used by the USA Navy. ol

Image credit Kongsberg

. SFI- developed by the Ship Research Institute, from Norway

SWBS and the SFI are organized in a number of main groups, wich are divided in groups, sub-groupse so
on. The MARAD system is less defined and complete in its structure. In each of these systems, a
classification number is assigned to each item or group of items of the ship, according to a
tree structure.
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The SFI system

Code letter system

 Also referred to as Littera systems

- Littera (Latin word !) is a code letter or number
describing an object

Example of code letter systems

» SFI Coding & Classification System

- A system for developed and published by the
Norge Skips Forsknings Institutt (NSFI) from
Noruway, and which is now property of XANTIC
(www.xantic.net).

- Shipyard specific

Example of the subdivision
of Main Group 7:

Main Group Systems for machinery

main components

Grou p Compressed air
Systems

Sub-

3 Starting air
Group

systems

Image credit SFI Group System

The SFI system defines 10 main
groups (only 8 are currently utilized
for Ships)

0. (reserved)

Ship General

Hull

Equipment for Cargo
Ship Equipment

Machinery Main Components

Systems for Machinery Main
Components

Ship Common Systems
(reserved)

©® Noap®bE

Equipment for Crew and Passengers
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http://www.xantic.net/

Classification of systems

SFI Group System Main Groups are:

5 ¥ S I E M

Machinery

Main

Components
Propellers,

Transmissions,
Foils

Fixed
Propeller Plants
incl. nozzles

Propeller

Image credit SFI Group System
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Weight calculation

Question 1: Can you mention any ship weight calculation related terms?
Question 2 : What's the purpose of weight calculations in ship desing?
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Important terminology

Lightship weight (= a ships own weight)

» The weight of a ship in metric tons without cargo, fuel, lubricating oil, ballast water, fresh water and
feed water in tanks, consumable stores, passengers and crew and their belongings

- Includes standard outfitting, inventory according to the List of Inventory, spare parts according to the Class Society
requirements and with liquids in engine room systems

- Does not include loose container lashing equipment, spare parts in excess of rule requirements, provision stores, crew and
effects, fuel oil, diesel oil, lubricating oil, fresh water, ballast water in tanks

Deadweight ( = the weight of what a ship is carrying)

» Defined as the difference between an actual displacement and the lightship weight

- SOLAS: “Deadweight is the dij{ference in tones between the displacement of a s_hll;p inwater ofas _ec;'ﬁc gravity of 1.025 at
the load waterline corresponding to the assigned summer freeboard and the lightweight of the ship’

- Expressed in either long tons or metric tons

« A measure of ship’s ability to carry various items: cargo, stores, ballast water, provisions and crew,
etc.

Displacement (= Lightship weight + Deadweight = Total ship weight)
» The weight of water displaced by this vessel at any waterline
- The product of the volume of its underwater portion and the density of the water in which it floats

» Expressed in long/imperial tons (1 long ton = 1.01605 metric tons)
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Important terminology

Contract deadweight
- As specified by the shipbuilding contract

Deadweight acceptance limit

- Value below of which a shipyard has to compensate the
owner (€/ton)

Deadweight rejection limit
- Value below of which the owner has the right to reject the ship

Legal deadweight

- Value resulting from agreed on design modifications

Load line mark.
Image credit
boatdesign.net
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Why weight calculations?

Weight calculations aim to determine a ship’s
weight, center of gravity (in horizontal, vertical and Rough preliminary weight
transversal directions), and weight distribution assessment

T
v

Preliminary ship outline

. Help determine a Ship’S (code system based) [™| Preliminary weight ./| Weight statistics | «=

* Help make sure that a ship floats and is stable

. . ; calculations
- Floating position (trim)
- Intact, damage, and dynamic stability
- Maneuverability
- Power demand Information on design 4
- Seakeeping modifications Intermediate weight
- calculations
(weight monitoring/control)

Workshop drawings, final

» Therefore, they are needed in the determination of a ship outline, weighing

ship’s

. . results
Hull proportions and lines
- Cargo carrying capability
- Hull girder strength 1 . t" —
. . oSt wel
- Resistance / Propulsion power demand Official deadweight and | _ Final / Official weight caloutatione o
- Building costs (weight and building costs are strongly related) stability metrics < calculation md analysis
= b
- Weight calculation errors might have very 1
significant technical and economic consequences IncIina;ion —
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Welight calculation process

Weight calculations are carried out

. . Rough prelimi ight
throughout the whole ship design and O esesamont
building phase §
!
. ; i Prelimi hip outi
The acc_uracy Of the (}&lCUlathHS INCTEASES as (r:c)lcrirt]amse;/r‘l{t;mlpl;::eg)]e N Preliminary weight .,I Weight statistics | €=
the design and building processes advances calculations
- Preliminary weight assessment 2 Intermediate
weight calculation 2 Official weight calculation
Information on design \ 4
. . maodifications Intermediate weight
» The weight calculation process can be calculations
roughly lelded lnto (weight monitoring/control)
Rough preliminary weight assessment WO;KShOPI_dfaWinQSH_ final
- Preliminary calculations ship ouine, weighing
- Intermediate/ control calculation
- Final / Official calculations !
- Post-calculation to study i.e. how the weight _ _ , vy Post weight
changed during the building process Off'C'?;gr_-‘adwe'tqht and | Final é a?;fj'gglo\rf]ve'ght | calculations and
- Statistical analysis 2 weight statistics for future Stablilty metrics - analysis
shipbuilding projects 1
- Inclining experiment to validate the weight _ '.L
calculations Inclination test
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Rough preliminary weight assessment

Simplified estimation based on statistics

. Emﬁ)lrlcally determined “Rule of thumb formulas”
weight = factor x LBH L B

Cydpman

- Machine weight = factor x power
- Outfitting weight = factor x LBH

]
Vrakihg &
g

[
Ml Ol

- Interior weight = factor x interior area ’_x_H_n_‘
= \mumu—-\
=EEER
Using empirical formulas, the calculation =] | ]| | =
accuracy depends on the quality of the applied
statistics ] =] ) (=

- Empirical values are accurate only for designs that are
similar to those based on which they were determined

- Standardized ship system / equipment / part categories
needed

A Aalto University Ship design for efficiency and economy/H. Schneekluth and. V. Bertram. — 2nd

S i i T . .
chool of Engineering ed. p. cm. Includes bibliographical references and index. ISBN 0 7506 4133 9. 18.11.2020
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Preliminary weight calculations

. A i Example formulas:
Can be carried out by dividing a ship’s

lightweight into parts whose weights

are estimated using Aft ship C 211x LBH
Fore ship C 212x LBH
« Empirically determined weight Double bottom C213 x LBH
coefficients Bulkhead C214 x A
* Volumes and areas determined based Deck structures ~ C215 x A
on the ship’s (preliminary) general Side structures €216 x L(B + 2H)
arrangement Superstructure C221xV
« Known/estimated weights of individual Funnel structure  C 223 x V

major components

i i Machine platforms C23 x LBH
 Calculation time: a few days
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Intermediate & final weight calculations

Carried out based on

» Weight coefficients C determined
accurately from
- Final general arrangement
- Construction / as-built drawings
- System drawings

« Measured/given weights of specific
ship components / blocks

The related detailed calculations
produce a lot of data

General constants/assumptions

» Density of the seawater
- Baltic Sea 1,01 ton/m3,
- North Sea 1,025 ton/m3

- Helsinki 1,0038 ton/m3, see Finnish

maritime law p.960

 Density of oils (at approx. 20 C)

- Heavy fuel 0,93 ton/m3

- Lubricant 0,91 ton/m3

- Diesel fuel 0,83 ton/m3
* Steel density

- 7,8 ton/m3 (unmanufactured)
- 8,0 ton/m3 (manufactured)
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Inclining experiment

Performed in dock before seatrial by placing a

weight (w ) at the ship side (one side at a time)
and my measuring the resulting angle (o)

» Performed at lightweight displacement (not
deadweight !)

 Validation of weight calculations
- Determination of a ship’s actual weight and center of

gravity \

https://www.youtube.com/watch?v=nebKCMCqgOIM
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Welight calculations — Risk factors

An innovative (new) ship type (or an inexperienced designer)

A small Deadweight/Displacement ratio in combination with a complex
lightweight composition

- Relative small mistakes might have huge consequences

An unclear division of responsibilities between designer and builder

A highly competitive shipbuilding market situation

Economic troubles at the shipyard
- Efforts to reduce man-hours - Mistakes
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Welight calculation — Calculation errors

Weight calculation errors may be critical if

100%
90%
80%
70%

_--- Hull weight

--= Ouffitting weight
=== Interior weight

» Ratio between deadweight and displacement is small pot e Machinery weigh
- E.g.icebreakers i - Deadweight
« Ratio between outfitting weight and total lightweight is large e

0%

- E.g. cruise ships, ferries

X
breaker ship tanker

The risk of calculation errors can be minimized by A“f

* Order of magnitude assessments
» Use of statistics, comparisons
« Performing separate calculations using different methods

« By adding weight reserves

- The lightweight and the height of center of gravity often increase during the building
process (e.g. stiffeners are bigger than planned )

- Needed to allow for possible design modifications as requested by the owner
- The lightweight reserve can vary depending on the ship type, the shipyard
experience, and ship owner

« By adding “scantling reserves”

Fixed ballast reserve
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Lightship weight / Displacement

Lightweight/Displacement

o] 50 % 100 %
!

I I Tanker
. . Ro-Ro ship

Cruise ship

Sensitive towards
calculation errors/
inaccuracies

5
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Weight calculation reserves

» Weight reserves are expressed as a percentage of a ship’s total lightship weight
» Reserves in vertical center of gravity (G) are expressed in meters

« Often determined so that at delivery time, the reserve weight is 0 % and the reserve in vertical center
of gravity is 0.1 m

- A residual reserve for the center of gravity is needed since it is difficult to determine the GM
value accurately for the operation environment

» The reserve amount needed is determined considering the Deadweight/Displacement — ratio
- Example (prototype ship with a DWT/A ratio of 0.2-0.3)
v' Preliminary weight calculations: 15 % weight reserve and 1 m reserve in G
v" Fixing of lines drawings: 10 % weight reserve and 0.6 m reserve in G
v 6 months prior to ship delivery: 3 % weight reserve and 0.3 m reserve in G

« For non-prototype ships (if a sister ship has already gone through the inclining test), smaller reserves
are possible
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Summary

Classification of systems

« A standardized classification of ship systems and equipment such as
the SFI standard is useful for several purposes
- Act as a check list (Has all components been considered?)

- Needed for the determination and use of statistics for ship weight
calculations

« Areas/ volume specific weight coefficients

Weight calculations

* Very important as a ship’s weight and weight distribution have a very
significant impact on its technical and economical performance

» Performed throughout the whole design and building process

Example of the subdivision
of Main Group 7:

Main G roup Svstems for machinery

main components

Group Compressed air

sy stems
Sub-
Group

Starting air
systems

Stable Unstable

ATCB y_ 1 J(”

pa

Aalto University
School of Engineering

13.11.2020
23



Bonus material
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Weight calculations - Examples

Vasa

* Launched 1627, capsized and sank on its maiden voyage in 1628

* The original design was determined by the Dutch shipbuilder Henrik
Hybertsson using an empirical method

- The theory of intact ship stability did not yet exist

* Design modifications (e.g. a larger number of cannons) ordered by King
Gustaf IT Adolf during the building process = Too low freeboard

Ro-pax ferry Berlin /Copenhagen

* Built by P+S Yards for Scandlines
¢ Ordered 2010, launched for the first time in 2012

» The owner (Scandlines) cancelled the vessels because they were 200
tons overweight

* In 2014 bought Scandlines the ferries from the now bankrupt shipwyard
for 31,6 M€ instead of the origianl copntract proce of 184 M€
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Welight calculation

Unit weight for stiffened plate field,
In which the plate includes

longitudinal stiffeners, longitudinal
girders and transverse web frames

1 1
W=t+—Wpg +—Wgg+
Skr % Sgir O Serip

Werr[ton/m?]

t — plate thickness [kg/m2]
W, — weight of the component in [ton/m]

Aalto University
School of Engineering 13.11.2020
26



