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PREFACE

Introduction to
Naval Architecture

Naval architecture also known as naval engineering, is an
engineering discipline dealing with the engineering design process,
shipbuilding, maintenance, and operation of marine vessels and
structures. Naval architecture involves basic and applied research,
design, development, design evaluation and calculations during all
stages of the life of a marine vehicle. Preliminary design of the vessel,
its detailed design, construction, trials, operation and maintenance,
launching and dry-docking are the main activities involved. Ship
design calculations are also required for ships being modified ( by
means of conversion, rebuilding, modernization, or repair ). Naval
architecture also involves formulation of safety regulations and damage
control rules and the approval and certification of ship designs to meet

statutory and non-statutory requirements.
Main subjects

The word “vessel” includes every description of watercraft,
including non-displacement craft, WIG craft and seaplanes, used or
capable of being used as a means of transportation on water. The

principal elements of naval architecture are:
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Hydrostatics

Hydrostatics concerns the conditions to which the vessel is
subjected to while at rest in water and its ability to remain afloat. This
involves computing buoyancy, ( displacement) and other hydrostatic
properties , such as trim (the measure of the longitudinal inclination of
the vessel) and stability (the ability of a vessel to restore itself to an
upright position after being inclined by wind, sea, or loading

conditions ) .
Hydrodynamics

Hydrodynamics concerns the flow of water around the ship’s hull,
bow,and stern,and over bodies such as propeller blades or rudder,or
through thruster tunnels. Resistance—resistance towards motion in
water primarily caused due to flow of water around the hull. Powering
calculation is done based on this. Propulsion—to move the vessel
through water using propellers, thrusters, water jets, sails etc. Engine
types are mainly internal combustion. Some vessels are electrically
powered using nuclear or solar energy. Ship motions — involves motions
of the vessel in seaway and its responses in waves and wind.
Controllability ( maneuvering ) —involves controlling and maintaining

position and direction of the vessel.
Structures

Structures involves selection of material of construction , structural
analysis of global and local strength of the vessel, vibration of the
structural components and structural responses of the vessel during

motions in seaway.
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Arrangements

Arrangements involves concept design, layout and access, fire

protection , allocation of spaces, ergonomics and capacity.
Construction

Construction depends on the material used. When steel or
aluminium is used this involves welding of the plates and profiles after
rolling, marking, cutting and bending as per the structural design
drawings or models, followed by erection and launching. Other joining
techniques are used for other materials like fibre-reinforced plastic

and glass-reinforced plastic.

Science and Craft

Traditionally, naval architecture has been more craft than
science. The suitability of a vessel’s shape was judged by looking at a
half-model of a vessel or a prototype. Ungainly shapes or abrupt
transitions were frowned on as being flawed. This included rigging,
deck arrangements, and even fixtures. Subjective descriptors such as
ungainly , full ,and fine were used as a substitute for the more precise
terms used today. A vessel was, and still is described as having a
‘fair’ shape. The term ‘fair’ is meant to denote not only a smooth
transition from fore to aft but also a shape that was ° right.’
Determining what is ‘right’ in a particular situation in the absence of
definitive supporting analysis encompasses the art of naval architecture
to this day.

Modern low-cost digital computers and dedicated software,
combined with extensive research to correlate full-scale, towing tank

-
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and computational data, have enabled naval architects to more
accurately predict the performance of a marine vehicle. These tools are
used for static stability ( intact and damaged ), dynamic stability,
resistance , powering , hull development,structural analysis,green water
modelling, and slamming analysis. Data is regularly shared in
international conferences sponsored by RINA, Society of Naval
Architects and Marine Engineers ( SNAME ) and others.
Computational Fluid Dynamics is being applied to predict the response
of a floating body in a random sea.

(4% & Wikipedia,the Free Encyclopedia,2016)

RNEBEERE

vessel W, B KAy, A A
subject FH, R
subject to BoiZoinees

stability Btk

hull Bk, 3=

bow/ stern /R

propeller blade
rudder

thruster

tunnel

propulsion

water jet

internal combustion
seaway

maneuver

o

BResk it A
e

A%
i, pEiE
et

Mg 7K HfEE A%
A

KB, fiLiE
YU



PREFACE

global

local

strength

trial

WIG( Wing In Ground)
arrangement

concept design

layout

fibre reinforced plastic
glass-reinforced plastic
access

ergonomics

capacity

craft

to be more craft than science

prototype
ungainly
flawed
rigging
full,and fine

correlate

static stability (intact and damaged)

green water

slamming

SR, 23R
JREREY , 2 Hu R
SR

Hb BB

il

#&dt
LA, AR

Y Riu IR
PR AL
vilal, 8k
ANERTRE¥
e, BzhE S
B, MifA

SHURER S, AR

M, IR
MER K , R Y
A R FE Y
REEERE

i, S (4K) 19

Hx

FidR LR
P A

RINA Royal Institution of Naval Achitects

Rt (SR S e)

(%) BREM TRIN¥E
SNAME Society of Naval Architects and Marine Engineers
AEAR S TRY S
TCHLI Y, 24 LAY

random



Chapter 1 Ship Design

Lesson 1 Introduction

1.1 Definition

The term basic design refers to determination of major ship
characteristics affecting cost and performance. Thus, basic design
includes the selection of ship dimensions, hull form, power ( amount
and type) , preliminary arrangement of hull and machinery,and major
structure. Proper selections assure the attainment of the mission
requirements such as good seakeeping performance , maneuverability ,
the desired speed, endurance, cargo capacity, and deadweight.
Furthermore , it includes checks and modifications for achievement of
required cargo handling capability , quarters , hotel services, subdivision
and stability standards, freeboard and tonnage measurement;all while
considering the ship as part of a profitable transportation , industrial , or
service system.

Basic design encompasses both concept design and preliminary
design. It results in the determination of major ship characteristics,
permitting the preparation of initial cost estimates. In the overall
design process, basic design is followed by contract design and detail
design. Contract design, as its name implies, develops plans and
specifications suitable for shipyard bidding and contract award. Well
prepared contract plans and specifications will be clear and in
sufficient detail to avoid costly contingency items and protect bidders

from obscure or inadequate description of requirements. Detail design
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is the shipyard’s responsibility for further developing the contract plans
as required to prepare shop drawings used for the actual construction
of the vessel.

An understanding of the entire design sequence is essential to
anyone seeking to develop a basic design. The four steps involved are
illustrated in the Design Spiral ,Evans (1959) as an iterative process
working from mission requirements to a detail design, Figure 1. 1.
These steps are amplified further below :

(1) Concept Design

The very first effort, concept design, translates the mission
requirements into naval architectural and engineering characteristics.
Essentially, it embodies technical feasibility studies to determine such
fundamental elements of the proposed ship as length, beam, depth,
draft, fullness , power , or alternative sets of characteristics,all of which
meet the required speed, range, cargo cubic, and deadweight. It
includes preliminary light ship weight estimates usually derived from
curves, formulas, or experience. Alternative designs are generally
analyzed in parametric studies during this phase to determine the most
economical design solution or whatever other controlling parameters
are considered determinant. The selected concept design then is used
as a talking paper for obtaining approximate construction costs,which
often determine whether or not to initiate the next level of
development, the preliminary design. #

(2) Preliminary Design

A ship’s preliminary design further refines the major ship
characteristics affecting cost and performance. Certain controlling
factors such as length ,beam , horsepower, and deadweight would not be
expected to change upon completion of this phase. Its completion
provides a precise definition of a vessel that will meet the mission

e
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Chapter 1 Ship Design

requirements ; this provides the basis for development of contract plans
and specifications.

(3) Contract Design

The contract design stage yields a set of plans and specifications
which form an integral part of the shipbuilding contract document. It
encompasses one or more loops around the design spiral, thereby
further refining the preliminary design. This stage delineates more
precisely such features as hull form based on a faired set of lines,
powering based on model testing, seakeeping and maneuvering
characteristics, the effect of number of propellers on hull form,
structural details, use of different types of steel, spacing and type of
frames. Paramount ,among the contract design features,is a weight and
center of gravity estimate taking into account the location and weight
of each major item in the ship. The final general arrangement is also
developed during this stage. This fixes the overall volumes and areas
of cargo, machinery, stores, fuel oil, fresh water, living and utility
spaces and their interrelationship ,as well as their relationship to other
features such as cargo handling equipment, and machinery
components.

The accompanying specifications delineate quality standards of
hull and outfit and the anticipated performance for each item of
machinery and equipment. They describe the tests and trials that shall
be performed successfully in order that the vessel will be considered
acceptable.

Table 1. 1 shows a typical list of plans developed in the contract
design of a major ship. Smaller,less complex vessels may not require
every plan listed for adequate definition, but the list does provide an
indication of the level of detail considered in contract design. Table 1B
is a list of the typical sections covered in a commercial ship

.9.
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spec

ification.

Table 1.1 Typical Plans Developed
During Contract Design Stage

Outboard Profile,, General Arrangement
Inboard Profile, General Arrangement
General Arrangement of All Decks and Holds
Arrangement of Crew Quarters
Arrangement of Commissary Spaces
Lines
Midship Section
Steel Scantling Plan
Arrangement of Machinery — Plan View
Arrangement of Machinery — Elevations
Arrangement of Machinery — Sections
Arrangement of Main Shafting
Power and Lighting System — One line diagram
Fire Control Diagram by Decks and Profile
Ventilation and Air Conditioning Diagram
Diagrammatic Arrangements of all Piping Systems

Heat Balance and Steam Flow Diagram - Normal Power at

Operation Condition

Electric Load Analysis

Capacity Plan

Curves of Form

Floodable Length Curves

Preliminary Trim and Stability Booklet
Preliminary Damage Stability calculations

(4) Detail Design

Normal

The final stage of ship design is the development of detailed
- 40 -



