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Basic Naval Architecture
Section 1.0

Topical Coverage of Course

(10 0o s Ten 1o« KNP 1 unit
(Units 1)

Ship Types and Ship SYSIEMS .....ceuvviuiiiieniiriiiiineeeiiiiee e 2.5 units
(Units 2,3 and 4)

J 03111 e L1 U 2.5 units
(Units 4,5 and 6)

Dimension, Form and Flotation ........ccccccovvviiiiininiiniiiniincenniininnnecnnne 4 units
(Units 7,8,9 and 10)

The Ship and Rest-Static Stability ...........ccoeeeriiiiiiiiiiiiiie, 4 units
(Units 11, 12 13 and 14)

Ship Hazards and Vulnerability .........cccooeeeiiiiiiiininiiiiiiiiiiini, 4 units
(Units 15, 16, 17 and 18)

Submarine Hydrostatics ..........c.ueveerimieiimiiiiiiiiiinieiiiii i eeeei s 1 unit
(Units 19)

Forces Opposed To Propulsion .............ccoouiiiiiiiiiiniiiiniiienii 2.5 units
(Units 20, 21 and 22)

Propulsive Forces and Propulsion Systems ............c.cooooiiiiiiiiiiniiiiiinnnnnn. 2.5 units
(Units 22, 23 and 24)

Propulsive Requirements and Power Selection .............cccoeeviiiiininnninnninn, 2 units
(Units 25 and 26)

Maneuverability and Ship Control ...........ccceiviviiiiiiiiiiiiiieeiiiniii e 1 unit
(Units 27)

The Ship in Motion with The Sea ..., 2 units
(Units 28 and 29)

The Strength And Structure Of Ships .........cocviriiiiiiiiiiiiiiiiiiiiiennnnnnen. 10 units
(Units 30 thru 39)

The Ship Design Process ........cccuuiiiiiiimiiiiiiieiiiiiiiiiiiein e, 3 units
(Units 40, 41,and 42)

Shipbuilding Methods .......ccceiviiiireniiininiiiiiccc e 3 units

(Units 43,44 and 45)







Basic Naval Architecture
Section 2.0
Notes To Instructors

2.1 DESCRIPTION OF COURSE,

This course consists of 45 videotapes covering basic topics in naval
architecture, as well as an Instructor Guide and Problem Set containing notes to
instructors, suggested lesson plans, problems and solutions. The level of material
presented also makes it suitable for: graduate engineers transferring into the field
of naval architecture; a college level study course for students not majoring in the
field (i.e. Ocean Engineering majors) or a naval or merchant marine officer
candidate program.

The mathematical background required of the students is two years of high
school algebra (including an introduction to trigonometry) and one year of high
school geometry. Problems in the course, including topics in numerical
integration, are introduced assuming this background. Diagnostic examples are
included in the first unit to enable the student to evaluate whether or not his
mathematical skills are adequate to cope with the mathematics in the course.

2,2 WAYS IN WHICH THIS COURSE MAY BE USED,
The course is designed so that it may be used in a variety of ways.

(1) In an organized classroom presentation the videotape may be played
at the beginning of a class period followed by a classroom
instructor presentation in which key points are emphasized,
supplementary material is presented, and questions on problems are
addressed. The videotapes are not uniform in length; most run
between thirty and thirty-five minutes. A class period of one hour
to one hour and fifteen minutes will allow the instructor about a

half-hour to present his material. A class period of an hour and
half ftv-mi i0d ] =
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NSRP Basic Naval Architecture - Instructor Notes

(2) The instructor also may elect to tailor the course to the specific
career areas of his students. For example, for an audience which in
the future will be heavily involved in the design or erection of ship
structures and will have very little contact with propulsion
machinery, the section of the course on ship structures could be
heavily emphasized, (perhaps with the addition of supplementary
material) while the section on propulsion could be drastically
curtailed and perhaps limited to reading assignments with no
problems or videotapes. However, if the full course coverage is
elected together with 30 or more assigned problems, the student
can look forward to an intensive learning experience.

(3) Finally, the tapes and the text may be used in a self-instruct mode.
To complete the course through self instruction requires a mature
student with determination. For this application, the videotapes
would be issued by the sponsoring institution's library or training
office to the student to be used at his own pace. An experienced
engineer or naval architect should be assigned as the student's
monitor to issue and correct problems, and give tests if
appropriate.

2.3 TEXT AND RECOMMENDED REFERENCES,
The text selected for this course is:

Modern Ship Design, Second Edition, 1977, Thomas C. Gillmer.
United States Naval Institute, Annapolis, MD 21402 (1987 list price
- $21.95, USNI members get 20% discount)

The text was written primarily for midshipmen and naval officer candidates
with some college math but without an engineering background. It has been
selected because the reading level of the book is appropriate to the anticipated
level of students in this course. In addition, the book emphasizes the total process
of ship design. Giving the student a perspective on the ship design process is a
collateral objective of the course. Certain sections of the book are now
obsolescent or obsolete (e.g., the discussion of Navy Department ship
procurement procedures), but this has only a very small impact on the value of
the book for our purposes.

The text includes a sheet of "Displacement and other Curves: for the DD692
class destroyer." Problems are included in the problem set which use these

curves.




NSRP Basic Naval Architecture - Instructor Notes

A similar book using many of the same text passages and illustrations but
aimed at sophomore-level engineering students is recommended as a reference:

Introduction to Naval Architecture, 1982, Thomas C. Gillmer and
Bruce Johnson, Naval Institute Press, Annapolis, MD 21402 ($23.95
list price, USNI members get 20% discount).

There are two books published by the Society of Naval Architects and Marine
Engineers which are extremely valuable as references for the instructor, but
which are expensive and technically above the level of most of the students who
will take this course. Many of the figures used in the videotapes have been taken
from one of these two sources.

Principles of Naval Architecture, 1967, John P. Comstock, Editor,
Society of Naval Architects and Marine Engineers, 601 Pavonia
Avenue, Jersey City, NJ 07306 (list price $60.00, SNAME members
$40.00)

Ship Design and Construction, 1980, Robert Taggart, Editor, Society
of Naval Architects and Marine Engineers, 601 Pavonia Avenue,
Jersey City, NJ 07306 (list price $75.00, SNAME members $55.00)

The new edition of Principles of Naval Architecture, Volumes I, II, III,
1988-89, Editor Edward V. Lewis, is also available from the Society of Naval
Architects and Marine Engineers. Other references which would be useful to the
instructor are listed in the lesson plans.

2.4 TIME REQUIREMENTS FOR THE COURSE.

Naval architectural calculations tend to be time consuming, and, as will be
emphasized below, the write-up of the calculations in an acceptable engineering
format is an important part of the learning experience. Many problems included
in this course will require approximately two to three hours to solve and write
up. A few are shorter and some are longer. Suggested problem assignments are
listed in the lesson; however, the instructor should be selective in choosing the
problems he assigns so that the maximum learning value will be achieved in a
realistic study time.

The amount of emphasis to be placed on problems is strictly a matter of
judgement on the part of the instructor. Some audiences may never have
occasion to do engineering calculations in the course of their careers. For this
type of audience the simpler and less time consuming problems will provide
adequate reinforcement to the course material. For other audiences whose
destiny is to provide a more technical level of engineering, calculations will be
invaluable.

ii-3
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Pre-reading of the assigned material in the text is important and should be
stressed by the instructor. Often the videotapes will go into greater depth or
present more material than is presented in the text. Pre-reading of the assigned
pages in the text will definitely improve assimilation of the material presented on
the tapes. The instructor should be prepared to point his students toward
important points to study in the text in order to prepare for the following
period's tape and instructor presentations. This requires that the instructor stay
well ahead of the class in previewing the tapes, text, and problems to be assigned.

For the full course coverage described above with videotapes and instructor
lectures, probably a minimum time investment by the student of 120 hours,
(including class, study time and problem time) would be required to achieve the
minimum course objectives. In most settings, very few students would be able to
commit more than 180 hours to the course. Course coverage and problem
assignments should be selected by keeping realistic time limitations.

2.5 MATERIALS REOUIRED FOR THE COURSE,

The Instructor Guide and Problem Set and a set of 45 VHS videotapes will be
supplied by The University of Michigan Transportation Research Institute. The
Instructor Guide and Problem Set includes four sheets of Curves of Form*
approximately 18" x 36" in size (for three example ships used in the problems),
course information, and notes to the instructor. A set of seventy problems with
worked solutions is included together with a note entitled "Engineering
Calculations" intended to be used as a handout to students.

REPRODUCTION OF ALL MATERIALS TO BE DISTRIBUTED
TO STUDENTS IS THE RESPONSIBILITY OF THE
SPONSORING INSTITUTION.

The student should provide a "scientific-type" calculator which, today, is
widely available at nominal cost. The calculator must have capabilities for
trigonometric functions, logarithms (base 10) and powers (y*), all of which are
used in the problems. Other features (such as statistical analysis) are commonly
found on scientific calculators, but are not necessary for the course.

* These curves are provided in the mailing tube that accompanies the Instructor Guide. The
drawings are on mylar and should be reproduced for the student in full scale. The curves
include:

1) Curves of Form, FFG-7 Class Frigate

2) Bonjean Curves and Cross Curves of Intact Stability, FFG-7
3) Curves of Form, U.S.C.G. Bear Class Cutter

4) Curves of Form, MARAD PD-214 Mobilization Container Ship
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It is strongly urged that all problems be submitted on cross-section paper
following good procedure for engineering calculations. The instructor may wish
to request a specific type of cross-section for uniformity, or he may even wish to
distribute pre-printed calculation sheets used by the sponsoring institution.
However, a simple 5x5 quadrille paper (available wherever school supplies are
sold) will serve the purposes of the course. Use of tabular formats in calculations
is stressed repeatedly in the tapes, and the use of cross-section paper will simplify
the preparation of these tables and sketches.

Although not strictly required for the course, the student may find it
convenient to purchase several French curves. A #60 and a #109 should be all
that are needed to plot the curves required in several of the problems.

2.6 PROBLEMS,
Problems worked by the students serve several important purposes:

(1) problems reinforce the concepts presented in the course,

(2) problem solutions develop specific skills in the naval architectural
topics presented in the course, and

(3) working problems and writing up the solution in standard
engineering format develops the discipline required to perform any
type of engineering calculation.

Concept reinforcement may be achieved by use of the simpler and less time-
consuming problems, but specific skill development and engineering calculation
discipline require more practice and a greater time investment. The instructor
should select problems with the specific needs of the student in mind.

The student should be encouraged to keep a notebook of corrected problems.
The instructor may wish to require that the problem statement be submitted with
the solution to ensure that the student's notebook includes the problem statement
as well as the solution. The instructor may even wish to return a copy of the
correct solution appended to the student's submission. However, if the course is
to be offered on a regular basis, the instructor may be assured that these solutions
will find their way into the hands of future students.

It takes time to cultivate accuracy. The instructor should not be surprised if
very few of his beginning students get exactly the right answer to the problem as
they start in the learning process. With time, the student learns to avoid some of
the computational pitfalls and his accuracy improves.
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The use of tabular formats in performing standard calculations is very useful
in avoiding errors before they happen, and this should be emphasized in
classroom presentations. Errors in the conversion of physical units are also
common -- even in the case of experienced engineers. Difficulties in this area can
be reduced by requiring the students to carry the units in each quantity involved
in the calculation and to cancel units to ensure consistency of units in the result.

The instructor may also wish to provide the students with check values for
various stages of the solution. It is very frustrating to a student to spend several
hours in developing a solution only to find that he made a mistake in the first
step. As students develop computational maturity, this type of assistance can be
gradually discontinued.

Problems are listed in the Course Outline for the first unit to which they are
relevant. It is not intended that all problems listed be assigned concurrently with
the unit. Rather, the instructor should prepare problem assignments which
maintain a uniform outside working load for the student. Note that there are
periods in the course (e.g. Units 20, 21 and 22) which can be used to assign
previously unassigned problems.

Notes entitled "ENGINEERING CALCULATIONS" are presented at the
beginning of Section 5.0 . The instructor may wish to distribute these, or a
similar document of his own selection, at the beginning of the course.

2.7 USE OF COMPUTERS,

Oftentimes, students will have their own personal computers and may ask if
computers can be used in the solution of problems.

There are many standard computer programs which can be applied to all the
topical areas covered in this course. Today's engineer or engineering technician
must become a skilled user of the computer tools available to him, but this does
not imply that he must become a skilled computer programmer.

This course is not a course in computer programming. Rather, it is intended
to develop the computational skills which still form a large part of engineering
practice and which provide the background logic upon which computer programs
are written. THE USE OF COMPUTERS AND THE PREPARATION OF
COMPUTER PROGRAMS TO SOLVE THE PROBLEMS IN THIS COURSE IS
NOT RECOMMENDED. If the development of computer programming will be
important in the future to students of the course, then these skills should be taught
separately.
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As a practical matter the instructor will find that if he accepts computer
print-outs for problem solutions it will require untenable amounts of time to
correct the problems and trace the student's logic through the maze of variable
names and subroutines contained in a program listing.

2.8 SPONSORSHIP

The production of the videotapes and course materials has been done by
Giannotti & Associates, Inc. and its successor firm, Giannotti & Associates of
Texas, Inc., of Annapolis, Maryland and Ventura, California. Video production
was done in the studios of Gardy McGrath International, Inc. of Newington,
Virginia. Direct sponsorship of the project has been through:

The University of Michigan
Transportation Research Institute
Marine Systems Division

2901 Baxter Rd.

Ann Arbor, Michigan 48109-2150

Distribution of the videotapes and the instructor Guide will be done by the
AVMAST (Audio-Visual-Material-Available-for-Shipyard-Training) Library
managed by UMTRI. Inquiries regarding the course or the course materials
should be addressed to UMTRI.

2.9 GRAPHICS

A complete set of graphics used in the videotapes are included in the unit
lesson plans. The instructor may use these for transparencies to reinforce the
videotape presentation.

ii-7
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Unit 1 Homework
Basic Naval Architecture - Introduction Problems - None
Readings

Scope and coverage of course. Text, references, Gillmer pages - None
materials required. Background required.

Math diagnostic examples.
Videotape Information
Time= 45 minutes
AVMAST¥ ED23
Unit 2 Homework
Basic Naval Architecture - Ship Types and Ship Problems - articles
Systems - 1
Readings
The ship as an element in a transportation Gillmer pages 3-10

system. Photos of ship types. General cargo,
container, RO/RO, passenger/car ferries, Seabee
and Lash, tankers, various types of bulk

carriers, QE?2, cruise ships. Videotape Information

Time= 34 minutes

AVMAST¥ ED24
Unit 3 Homework
Basic Naval Architecture - Ship Types and Ship Problems - articles
Systems - 2
Readings

Photos of ship types continued. Tugs, offshore Gillmer pages 11-12
supply boats, integrated tug-barge, river
towboats. SWATH, catamaran, SES, ACV,
planing boats, hydrofoil craft, offshore drilling
and production rigs. Naval ships, submarines,
battleship,aircraft carrier.

Videotape Information
Time= 34 minutes

AVMAST¥ ED25
Unit 4 Homework
Basic Naval Architecture - Ship Types and Ship Problems - Nomencla-
Systems - 3 Nomenclature - 1 ture
Readings

Merchant ship types by trade. Naval ships as Gillmer pages 13-15
elements in a warfare system. Ship types
classified by type of support. Nomenclature -
units. Directions on board ship. Ship
dimensions. Weight, displacement, tonnage,
load lines.

Videotape Information

Time= 37 minutes
AVMAST¢ ED26
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Course Outline

Unit 5

Basic Naval Architecture - Nomenclature - 2

Parts of a ship. Decks and bulkheads. Doors,
hatches, scuttles, manholes. Spaces on board
ship. Anchoring and mooring.

Homework
Problems - None

Readings
Gillmer pages - None

Videotape Information
Time= 39 minutes
AVMAST¥ ED27

Unit 6

Basic Naval Architecture - Nomenclature - 3

Boat handling equipment. Cargo handling
equipment. Dunnage, sparring and ceiling.
Structural nomenclature. Strakes, stringers,
floors, double and single bottoms, keels, stem
castings, stern castings.

Homework
Problems - None
Readings
Gillmer pages - None

Videotape Information
Time= 37 minutes

AVMAST¥ ED28
Unit 7 Homework
Basic Naval Architecture - Dimension, Form and ~ Problems - None
Flotation - 1

Ship geometry. Dimensions. Freeboard and
draft. Displacement and tonnage. Lines
drawing. Form coefficients.

Readings 4
Gillmer pages 21-27

Videotape Information
Time= 28 minutes

AVMAST¥ ED29

Unit 8 Homework
Basic Naval Architecture - Dimension, Form and ~ Problems - 1,2,3,4,5
Flotation - 2 ‘

Form coefficients example. Centers - CG, CB,
metacenter, GM. Moments. Example of LCG
calculation.

Readings
Gillmer pages 27-37

Videotape Information

Time= 34 minutes
AVMAST¥ ED30
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Unit 9 Homework
Basic Naval Architecture - Dimension, Form and ~ Problems - 6, 7,10,11,
Flotation - 3 12
Readings
Archimedes Principle. Curves of form and Gillmer pages 37-41

hydrostatic parameters. Bonjean's curves.

Videotape Information
Time= 28 minutes

AVMAST¥ ED31
Unit 10 Homework
Basic Naval Architecture - Dimension, Form und ~ Problems - 13, 14, 15
Flotation - 4
Readings
Differentiation and integration. Trapezoidal Gillmer pages 322-328

rule. Simpson's rule. Sectional area curve.
Displacement calculation example.

Videotape Information
Time= 43 minutes

AVMAST¥ ED32
Unit 11 Homework
Basic Naval Architecture - The Ship at Rest - Static  Problems - 8, 9, 16, 17,
Stability - 1 18,23
Readings

Stable, neutral, unstable equilibrium. Position Gillmer pages 51-58
of the metacenter and equilibrium. GM, GZ,
righting moment. Static stability curve. Weight
shifts. BM. Moment of inertia. Rectangular

barge example. Videotape Information

Time= 32 minutes

AVMAST¥ ED33
Unit 12 Homework
Basic Naval Architecture - The Ship at Rest - Static  Problems - 29, 30, 31,
Stability - 2 34
Readings
Transverse weight shift example. Inclining Gillmer pages 58-68

experiment, example. Cross curves of stability.
Corrections for actual KG. Corrections to static

stability curve. Videotape Information

Time= 34 minutes
AVMAST¥ ED34
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Unit 13 Homework
Basic Naval Architecture - The Ship at Rest - Static  Problems - 27, 28, 32,
Stability - 3 35, 36, 37,
Readings 38
Negative GM. Longitudinal weight shift Gillmer pages 68-70
example, change of trim. Small weight
additions.

Videotape Information
Time= 27 minutes

AVMAST¥ ED35
Unit 14 Homework
Basic Naval Architecture - The Ship at Rest - Static Problems - 19, 20, 33,
Stability - 4 39, 40, 41
Readings
Multiple weight additions. Tabular format, Gillmer pages 329-331
example. New drafts. Angle of list. Weight
removals.

Videotape Information
Time= 27 minutes

AVMAST¥ ED36
Unit 15 Homework
Basic Naval Architecture - Ship Hazards and Problems - 26, 42, 43
Vulnerability - 1
Readings

Floodable length definitions. Floodable length Gillmer pages 71-76
curve. Free surface. Virtual rise of G.

Pocketing.
Videotape Information
Time= 30 minutes
AVMAST¥ ED37
Unit 16 Homework
Basic Naval Architecture - Ship Hazards and Problems - 44, 45
Vulnerability - 2
Readings
Free communication effect. Added weight Gillmer pages 79-85, 91-93,
versus lost buoyancy. Shock. USN intact 253-255,
stability criteria. CFR 46 stability criteria. 333-339

Videotape Information

Time= 36 minutes
AVMAST¥ ED38
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Unit 17 Homework
Basic Naval Architecture - Ship Hazards and Problems - 47, 48, 49,
Vulnerability - 3 , 50
Readings

Subdivision of naval ships. Protection of vital Gillmer pages 85-90
spaces. Assumed damage conditions. CFR 46
requirements. Grounding and stranding.

Videotape Information
Time= 36 minutes

AVMAST¥ ED39
Unit 18 Homework
Basic Naval Architecture - Ship Hazards and Problems - 46, 48, 49,
Vulnerability - 4 50
Readings
Dry docking. Stability during docking. Gillmer pages 90-91
Example. Freeboard and load lines, merchant
ships and naval ships.

Videotape Information
Time= 28 minutes

AVMAST¢ ED40
Unit 19 Homework
Basic Naval Architecture - Submarine Hydrostatics Problems - 21,22
and Stability
Readings
Submarine types and features. Ballast tanks. Gillmer pages 41-49, 76-79

Submerging and surfacing. Submarine stability.

Videotape Information
Time= 30 minutes

AVMAST¥ ED41
Unit 20 Homework
Basic Naval Architecture - Forces Opposed to Problems - Previously
Propulsion - 1 Unassigned
Readings
Background. Wave making resistance. Gillmer pages 95-102,
Frictional resistance. Froude's Law of 106-110

Comparison. Residuary resistance. Model
testing. Ship wave systems. Resistance

coefficients. Videotape Information

Time= 36 minutes
AVMAST¥ ED42
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Unit 21 Homework
Basic Naval Architecture - Forces Opposed to Problems - Previously
Propulsion - 2 Unassigned
Readings
Correlation allowance. Friction formulations. Gillmer pages 102-114

Cf, Cw, Ct curves. Form drag. Bulbous bows.

Videotape Information
Time= 35 minutes

AVMAST# ED43
Unit 22 Homework
Basic Naval Architecture - Forces Opposed to Problems - Previously
Propulsion - 3 Propulsive Forces and Propulsion Unassigned
Systems - 1 Readings
Resistance of submarines. Appendage resistance.  Gillmer pages 102-106,
Resistance in shallow water. Added resistance in 110-114,
a seaway. Hull roughness. Types of propulsors. 115-118
Powering definitions and efficiencies. The screw Videotape Information
propeller. Time= 36 minutes
AVMAST# ED44
Unit 23 Homework

Basic Naval Architecture - Propulsive Forces and Problems - 51
Propulsion Systems - 2
Readings
Momentum theory. Propeller geometry, wake, Gillmer pages 115-124
slip. Propeller curves. Propeller design.

Videotape Information

Time= 36 minutes
AVMAST# ED45

Unit 24 Homework

Basic Naval Architecture - Propulsive Forces and Problems - 52
Propulsion Systems - 3
Readings
Number of blades. Hull-propeller interactions. Gillmer pages 125-130
The efficiency chain. Cavitation,
super-cavitating propellers. Water jets,
controllable pitch propellers, Kort nozzles.

Vertical axis propellers. Videotape Information

Time= 37 minutes
AVMAST# ED46
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Unit 25 Homework
Basic Naval Architecture - Propulsive Problems - 53, 54
Requirements and Power Selection - 1
Readings
Hull types and speed regimes. Scaling laws. Gillmer pages 133-141

Example. Model test expansion - example.

Videotape Information
Time= 30 minutes

AVMAST¥ ED47
Unit 26 Homework
Basic Naval Architecture - Prcpulsive Problems - 55, 56, 57
Requirements and Power Selection - 2
Readings
Power prediction example. Standard series. Gillmer pages 141-149

Service power margin. Engine selection.
Diesel engines. Combined plants. Gas turbines.

Steam propulsion. Nuclear power. Videotape Information

Comparisons. Time= 37 minutes
AVMAST¥ ED48
Unit 27 Homework
Basic Naval Architecture - Maneuverability and Problems - Previously
Ship Control Unassigned
‘ Readings
The rudder; force, iift-drag, torque, aspect Gillmer pages 151-169

ratio. Rudder types. Motion of a ship in a turn.
Thrusters. Z-drive systems. Active rudders.

Comparisons. Videotape Information
Time= 37 minutes
AVMAST¥ ED49
Unit 28 Homework
Basic Naval Architecture - The Ship in Motion with Problems - Previously
the Sea - 1 Unassigned
Readings
Definitions. Sinusoidal waves. Trochoidal Gillmer pages 235-243

waves. Regular and irregular waves.
Long-crested and short-crested waves. Seaway
descriptions. Sea spectra. Ship motion
computer programs.

Videotape Information

Time= 38 minutes
AVMAST¥ ED50
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Unit 29 Homework
Basic Naval Architecture - The Ship in Motion with Problems - PNA
the Sea - 2
Readings

Designing for ship motions. Rolling. Pitching.  Gillmer pages 243-253
Yawing. Translational motions. SWATH ships.

Videotape Information
Time= 36 minutes

AVMAST¥ EDS1
Unit 30 \ Homework
Basic Naval Architecture - The Strength and Problems - 56, 57
Structure of Ships - 1
Readings
Basic concepts, stress, strain. Stress-strain Gillmer pages 205-207

diagram. Hooke's Law. Neutralaxis. The
flexure formula. Secion Modulus. Beams in

bending. Videotape Information
Time= 36 minutes
AVMAST¢ EDS2
Unit 31 Homewerk
Basic Naval Architecture - The Strength and Problems - 58, 59
Structure of Ships - 2
Readings

Bending moment. Simple supports. Fixed-end Gillmer pages 208-209
supports. Bending moment and shear force
diagrams. Steel handbook.

Videotape Information
Time= 29 minutes

AVMAST¥ EDS3
Unit 32 Homework
Basic Naval Architecture - The Strength and Problems - 60, 61
Structure of Ships - 3
Readings
Section modulus example. Stress analysis Gillmer pages - None

example.

Videotape Information

Time= 33 minutes
AVMAST¥ ED54
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Unit 33 Homework

Basic Naval Architecture - The Strength and Problems - 62, 63, 64
Structure of Ships - 4
Readings
Loads on the ship's structure. Barge bending Gillmer pages 210-212
moment and shear force example. Stresses in

deck and bottom.
Videotape Information
Time= 35 minutes
AVMAST¥ EDSS
Unit 34 Homework
Basic Naval Architecture - The Strength and Problems - 65
Structure of Ships - 5
Readings
Ship bending moment, shear force and stress Gillmer pages 212-216

diagrams in still water and in trochoidal waves.
ABS requirements. Bending moment estimates.

Strength and stiffness. Videotape Information
Time= 34 minutes
AVMAST¥ EDS6
Unit 35 Homework
Basic Naval Architecture - The Strength and Problems - 66, 67
Structure of Ships - 6
Readings
Properties of shipbuilding materials. Gillmer pages 216-219

Shipbuilding steels, ductility, toughness,
Aluminum, GRP. Steel shapes, designation.

Steel plate. Stiffened plating. Videotape Information

Time= 35 minutes

AVMAST¥ EDS7
Unit 36 Homework
Basic Naval Architecture - The Strength and Problems - 68
Structure of Ships - 7
Readings
Failure modes for steel structures. Plasticity. Gillmer pages 219-220

Buckling. Fracture, fatigue. Stress
concentrations. Structural continuity. Crack

arrestors. Causes for cracking. Videotape Information

Time= 34 minutes
AVMAST¥ EDS8
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Unit 37 Homework
Basic Naval Architecture - The Strength and Problems - 69
Structure of Ships - 8
Readings
Framing systems. Structural terminology. Gillmer pages 221-227

Double bottom, single bottom construction.
Bow and stern construction.

Videotape Information
Time= 31 minutes

AVMAST* EDS9
Unit 38 Homework
Basic Naval Architecture - The Strength and Problems - 70
Structure of Ships - 9
Readings

Bulkheads. ABS requirements. Hatch corners, Gillmer pages 228-232
intersections, connections, brackets.
Deckhouses. Foundations.

Videotape Information
Time= 35 minutes

AVMAST¥ ED60
Unit 39 Homework
Basic Naval Architecture - The Strength and Problems - Developed by
Structure of Ships - 10 Instructor
Readings

The midship section drawing. Section modulus Gillmer pages 232-233
calculation. Typical midship sections. Mariner,
FFG-7, "Bear" class cutter, tanker, bulk carrier,
RO/RO ship, SL-7 container ship. The weight Videotape Information

estimate. Time= 37 minutes
AVMAST¢ ED61
Unit 40 Homework
Basic Naval Architecture - The Ship Design Process Problems - Previously
i’ Unassigned
Readings

Merchant vessel design. Mission requirements. Gillmer pages 257-262
The design spiral. Parametric design studies.
Feasibility studies. Concept, preliminary,

contract design phases. Deliverables. Detail

desi Videotape Information
esign.

Time= 29 minutes
AVMAST¥ ED62

iii-10
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Unit 41 Homework
Basic Naval Architecture - The Ship Design Process Problems - Previously
-2 Unassigned
Readings
Concept design example. Gillmer pages 289-309

Videotape Information
Time= 31 minutes

AVMAST¥ ED63
Unit 42 Homework
Basic Naval Architecture - The Ship Design Process Problems - None
-3
Readings

Steps in preliminary design. Contract design. Gillmer pages 263-269
Design margins. Naval ship design and

procurement.
Videotape Information
Time= 29 minutes
AVMAST¥ ED64
Unit 43 Homework
Basic Naval Architecture - Shipbuilding Methods - ~ Problems - None
1
Readings
Use of the computer in design and Gillmer pages 271-287
manufacturing. CAD/CAM drafting, lofting,
shell plate development, nesting. Scheduling
and critical path analysis, production control. . .
Work measurement and analysis, ordering and V',;.i.e otipg 1 Int:orxtlleatlon
inventory control, weight management. A% mmmu s
Unit 44 Homework
Basic Naval Architecture - Shipbuilding Methods - ~ Problems - None
2
Readings
Steel cutting methods, cold forming and hot Gillmer pages 185-203

forming processes. Older shipbuilding methods.
Modern shipbuilding methods. Design for ship
production. Modules and subassemblies. Zone

outfitting. Design of details for ease of Videotape Information

Time= 44 minutes

construction. AVMAST¥ ED66




NSRP Basic Naval Architecture - Course Outline

Unit 45 Homework
Basic Naval Architecture - Shipbuilding Methods -  Problems - None
3
Readings

Launching methods. End launching, key events.  Gillmer pages - None
Side launching. Launch from floating drydock,
graving dock, and moveable platform

(Synchro-Lift type). Course closure. Videotape Information

Time= 39 minutes
AVMAST¥ ED67
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T0
PROBLEM SET

CONTENTS:

Tables of Density and Kinematic Viscosity of Fresh Water

. Stability Data Sheet and General Stability Diagram for
CVE 105

. Selected Tables Reprinted from
Manual of Steel Construction

- Properties and Dimensions of Selected Steel Shapes

- Properties of Geometric Sections
- Decimals of an Inch and Foot Conversion Table
- Selected Beam Diagrams and Formulas

. Excerpts from American Bureau of Shipping Rules for Building
and Classing Steel Vessels, 1987




Table of Kinematic Viscosity of Water

These values were adopted by the Americen Towing Tenk Conference in 1942.
The fifth significant figures are doubtful.

vxinemazic . vlicinemittzic . vliunemigic . Kinematic

rri et Pty s e | e T g
£12/sec £t2/sec £t2/sec £t2/sec
1.929 32 1.1937 61 1.2470
1.8922 » 1.1769 62 1.2303
1.8565 34 1.1605 63 1.2139
1.8219 35 1.1404 64 1.1979
1.7883 36 1.1287 65 1.1822
1.7558 37 1.1133 66 1.1669
1.7242 38 1.0983 61 1.1519
-1.6935 39 1.0836 68 1.1372
1.6638 40 1.0692 69 S 1.1229
1.6349 1 1.6846 1.0552 70 1.1088
1.6068 42 1.6568 1.0874 I 11,0951
1.5795 43 1.6298 1.0279 T2 1.0816
1.5530 Ly 1.6035 1.0WW7 73 1.0684
1.5272 us 1.5780 1.0018 T4 1.0554
1.5021 u6 1.5531 0.98918 15 1.0427
1.4776 47 1.5289 0.97680 16 1.0303
1.4538 48 1.5053 0.96466 11 1.0181
1.4306 49 1.4823 0.95276 78 1.0062
1.4080 50 1.4599 0.9411 19 0.99447
1.3860 51 1.4381 0.92969 8o 0.98299
1.3646 52 1.4168 0.91850 & 0.97172
1.3437 53 1.3961 0.90752 82 0.96067
1.3233 54% 1.3758 0.89676 83 0.94982
1.3034 55 1.3561 0.88621 ay 0.93917
1.2840 56 1.3368 0.87586 85 0.92873
1.2651 57 1.3180 0.86570 86 0.91847
1.2466 58 1 2996
1.2285 59 1.2817
1.2109 60 1.264

¥




Table of Density of Water

These values were adopted by the American Towing Tank Conference in 1942.
The fifth significant figures are doubtful.

Density of
Fresh Water

p
1b x sec®/rt*

Temperature
degree F .

Density of | Density of
Fresh Water

P
1b x sec2/frt*

Sea Water

P,
1b x sec®/rt*

Temperature
degree F

Density of

Sea Water

P,
1b x sec?/ft*

1.9399
1.9399
1.9400
1.9400

1.9401
1.9401
1.9401
1.9401
1.9401

1.9401
1.9401
1.9401
1.9400
1.9400
1.9399
1.9398
1.9398
1.9397
1.9396

1.9395
1.9394
1.9393
1.9392
1.9390

1.9389
1.9387
1.9386
1.9384
1.9383

32
33

»h

35
36
3
38

39
4o

4
42
3
W
45
46
¥
48
49
50

51
52
53
o4
5

56
51
58

59
60

1.9947
1.9946
1.5546
1.9945
1.9944
1.9943
1.9942

1.991
1.9940

1.9939
1.9931
1.9936-
1.9934
1.9933

1.991
1.9930
1.9928
1.9926
1.9924

1.9923
1.9921
1.9919
1.9917
1.9914

©1.9912
1.9910
1.9908
1.9905
1.9903

~1.938
1.9}79
1.9371

1.9375-

1.9373

1.93N
1.9369
1.9367
1.9365
1.9362

1.9360
1.9358
1.9355
1.9352
1.9350

1.9347
1.9344
1.9342
1.9339
1.9336

1.9333
1.9330
1.9327
1.9324
1.9321

1.9317

6
62
63
(4
65

66
67
68
69
70

7
12
3
T4
[

76
m
18,
19
8o

81
(7]
83
8
85

86

1.9901
1.9898
1.9895
1,9893
1.9890
1.9888
11.9885
1.9882
1.9879
1.9876
1.9873
1.9870
1.9867

1.9864

1.9861

1.9858
1.9854
1.9851
1.98u48
1.98u4

1.9841
1.9837
'1.9834
1.9830

1.9827

©1.9823

A3



NOILYNITONI 4O 3TONV

~ JORRECTED

RIGHTING ARM

TRANSVERSE OISTANCE

UNCORRECTED RIGHTING ARM

777NN 2
a ITTTR NN

I/

17T

W

: /// T W s\\g

S0T JA0 — WVU9VId ALIIGVLS 1V83N39

C.G. ABOVE KEEL —FEET




'Y
1 4
s A% 103443 3UNS 3344 =S4

ANINON ONINITONI 13N |

SNOL

Hq ] o waiwm| .
4 ( Y Y+ 1 )
14 s LIIHS WA ‘L3N
. M SE . ‘A .

14 . ‘9% 6 +8 +'84d A0+ | +°83 44IHE IVALYIA L3N

. { ), ‘n ( ) 'm

14 7 ) WON 1ONI 13N 44 " ] ) " Suxa ¥ (onam) « ‘o
1) 80 40 3onAid" uatND 2o |SNOL 14 » @2 - [BZ] =0)xm * <IN3NOM WOUNIA 13N |14
woL 14 - @3-[51

) (

)e[G]¥ M=(M) LNINIOVUdSIA

4 = ©INVL SdINS
NI 103443 FOVAING 334

(‘s°3 04 200 J0U) BN

SNaL (M) LN3NIDVWSIO

NOILIONOD VYNId

NOILIGNOD 1VYNI9IHO

n”_ _ $V10L
suop | suoy 199} o199 swo} suoy | u suoy |1 5| uxm | pas
(Axm) (Kxm) (Byxm—) | (Byxm+)| Oy ‘sybom [y oBuoyd (1xq) 4od
sjuewow | sjuswow WKxi1xq) A 21 v sjuswows sjuswow | ‘(eox |(—)peroweyl ‘mm o NS 0014 | w0 ‘0 * ‘oN ‘jdwon
Bujugdur | Buguyidou 1xq |021110A 109140A | eAOQD 20 00 wouyl J0 0 oBuoyd
di0d ‘PAIS oKD ! peAowey POPPY | JUBIOH| (+)poppY | 1810 | suoisusung rocBL ‘W o uoydudseq
q0lI 001 6 8 q. DL 9 S v € I |

133HS V

1 ALITIGVLS



BASIC NAVAL ARCHITECTURE

Selected Tables Reprinted from

Manual of Steel Construction, Eighth Editions

Manual of Steel Construction

may be ordered directly from the publisher,

American Institute of Steel Construction, Inc.
400 North MIchigan Avenue
Chicago, I11inois 60611
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BEAM DIAGRAMS AND FORMULAS
For various static loading conditions

For meaming of symbols, see page 2-111.

BEAM DIAGRAMS AND FORMULAS
For various static loading conditions

For meaning of symbols, see page 2-111.

1. SIMPLE BEAM—UNIFORMLY DISTRIBUTED LOAD

Total Equiv. Uniform Load . . - ol
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8 wi®
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2. SIMPLE BEAM—LOAD INCREASING UNIFORMLY TO ONE END
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3. SIMPLE BEAM—LOAD INCREASING UNIFORMLY TO CENTER

P Total Equiv. Uniform Load

Rev . . . .
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- —1 My (whon x < %) .

amax. ((atcenter ) .

"~ oment ax (whenx<y).

w
2

w
-3 (18 — 4x8)
Wi
e
1_ 2
-wi(z-3m
- Wi '
ET

- e G-

a 'Y

o ——— o

Ri= Vi (mex.whena <c)

D—.#P—u

L] ] Rs = Vs (mn. when a > c) .
Ry 4 Rs v, (whon x>aand < (a + b))
i. I I I Shear L] mal.(at LN % - e .
TIT tVn”. (wm x < o) o o .

4. SIMPLE BEAM—UNIFORM LOAD PARTIALLY DISTRIBUTED
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5. SIMPLE BEAM—UNIFORM LOAD PARTIALLY DISTRIBUTED AT ONE END

wd
-3 (2i—a)
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6. SIMPLE BEAM—UNIFORM LOAD PARTIALLY DISTRIBUTED AT EACH END
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18. CANTILEVER BEAM—LOAD INCREASING UNIFORMLY
TO FIXED END

Total Equiv.Uniformlioad . . . . = %
R=V . . . . . .. .. . =W
7 S A
M max. (.t fixed ond) e e e . = !lil—
My . . . . o ¢ & . . - %:T’
amax. (at free ond) P ‘—v:;-'.—

w
ax -W(l.—."l +41%)

19. CANTILEVER BEAM—UNIFORMLY DISTRIBUTED LOAD

[} » Total Equiv. Uniform Load . - 4wl

7
111 IIHHH%. RavV L . L =
Vx e 4 e e e e 4 e e e . = wx

je— 3 —f
¥ Mm.x.(nllnd oml) e e e e . -.T"'
Shoas _I "l...........-":.
“'qn:w:f- Amanx. (nlmon‘) e e e e . --:—g—
soment u Bx . .. e e e e e .. =T (xS — AR 319

20. BEAM FIXED AT ONE END, FREE TO DEFLECT VERTICALLY BUT NOT
ROTATE AT OTHER—UNIFORMLY DISTRIBUTED LOAD

! | Totsl Equiv. UnformLoad . . . . =gl
@ = , RavV - wl
" V. . . - . . . - . . - . - WX
" ] max.(-ﬂlnd an‘) « e e e . = 332-
2
T M (steetestesend) . . .. =5
L1 My . - ur—3m
ﬁr 221l amax. (a! doftested oml) . - —2%
T 12 — x8)8
Moment \LLLEL“'- ax -.'_(_2‘_2'_'_L
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BEAM DIAGRAMS AND FORMULAS
For various static loading conditions
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21. CANTILEVER BEAM—CONCENTRATED LOAD AT ANY POINT
. Totsl Equiv. Uniform Losd . - 17_'2.
2o g é Rav . -p
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22. CANTILEVER BEAM—CONCENTRATED LOAD AT FREE END
e— — Total Equiv. Uniform Load . - 8P
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LT -
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23.

BEAM FIXED AT ONE END, FREE TO DEFLECT VERTICALLY BUT
NOT ROTATE AT OTHER—CONCENTRATED LOAD AT DEFLECTED END

-
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S i
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M max.( at both ends )
My
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w

- (40
PI®
12€1
PU—n)®
Ti2Er

(+2m)
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PROPERTIES OF GEOMETRIC SECTIONS

PROPERTIES OF GEOMETRIC SECTIONS
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PROPERTIES OF GEOMETRIC SECTIONS

EQUAL RECTANGLES

Axils of moments through
. center of gravity

]

6 O

|

b (d — dy)

W —de?)
12

b (d% — dy9)
od

d? —d,®
12(d — d,)

2 w-an

TRAPEZOID

Axis of moments through
center of gravity

™ :
Al

e—— & ——)

d(b + bs)
2

d(2b + ba)
3(b + by)

d? (b® 4 4 bby 4 ba?)
38 (b + by)

d® (b2 4 4 bb; + bs?)

12.(2b + by)

‘ S
B by V2B F4bby +by?)

UNEQUAL RECTANGLES

Axis of moments through
center of gravity

bt 4 bty

% b2 4 baty (d — % t5)
A

te byty?

]
8 @ —
! e

»|=] ‘°l- "’l

+ bty® 4 12— bitayat

CIRCLE

Auis of moments
threugh center

]
I
!
s

2"- = RS = .708308 d* = 3.141503 A2

L
2
wds _ wRe

o r) = 049087 d¢ = .788398 R*

wds ':" = 008178 4% = .785398 M3

ot oo o

} —
[ oy --TT
d Oy e v e e .
11
5 4 |
. _ i
TRIANGLE

Axie of moments through
center of gravity

|-

- .235702d

<
sl

HOLLOW CIRCLE

Axis of moments
through center

L".;'_‘_'.'L - .785308 (d2 — d?)

2
_ﬂﬂ_a_‘_!:’_ - 040087 (d* — d49)

w(d® — d19) d% —dy*
——g - 08178 —a

TRIANGLE

Axis of moments on base

1

1

g

gen

-
N

»&
In. ”l
-

- .408248 d

<
®|

HALF CIRCLE

Axie of moments through
center of gravity

Vdt 4+ ds2

—1

@ _ &

s .

_.._';‘ = 1.570798 R2
4

n (! —35) = -SsaTR

Re (_:_ - .i."—) - .100787 Re

RS (Ows —04)

5 Car—o - 190887 R®

aYIi—8 L mn
or

AMERICAN INSTITUTE OF STEEL CONSTRUCTION

AMERICAN INSTITUTE OF STEEL CONSTRUCTION




NOUDJNHISNOD T331S 0 ILNLIUSN| NVORIINY

NOILONYLSNOD 1331S 40 3ILNLILSN] NVIRIINY

‘M = q =8 0ININSGNS JUSWMSITIOCD JEINII|D PUS SISO JSIIEND ‘91410 JIBY )0 S9|3Ied0.d UIBIQO 0L o

,-Ia|4

_
AL
e —!

ANIWTIIWNOD DILLITIA »

WwBE Ly .y v o\\
4 . w > %

ol - v Y
p |-\‘ > '
= = 9 - N\
ZpZ b
EE . . IIONVY LHDIM

NI 13714 D1TTOBYMVYd

v
,T..Ilnlll—
T
ey~ -+

i

——

v

vy T

IASdITIA ¥3ILMVYNO .

e B oo °
ooz _ 1]
aee 20 ' I i
o
b v ' A1
.lok - W xeody
h “
aq.ﬂl - v b

\alel-) 2"\ 2]
A TIVH 40 ALNINWITIWOD

qets —
13

qus &

(- 4)

qus £

3SdITTI3 47IVH »

well - o v
a.o..ol-. -8 £
l.F:.h - 8 .1‘! 1 ¢
LT ! w |
L 74} -.bllnl.-lt [
Qe —— = % _ .
. []
‘I.l - ] —
s xeody +
ll“l - w |
y ‘7
wf - v vioavavd dIVH
ae B2 - o 5
el o og L o e
“w
R - —t—f1
.
:- .
an -y t
vioavavd

SNOILI3S J1413W039 40 S31143d0Yd

SNOILI3S JI¥13WN03D 40 S3ILY3Id0dd

“) e




NOILONHISNOD 1331S 40 3ILNLILSN| NVORIINY

NOILONHISNOD 1331S 4O FINLILSN| NVIIRIINY

‘4 9920} 03 NP Juawow BUIPUIQ $) Wy BIIYM
>- l— q

A:OUG- + s:_-..x v W = »

Psuis A 4 #4502 %) = ¥y

21300 4 + ¢puis ™y =

A31Aea0 j0 133Ued yBnouyy
onb) QO 8240} 9810ASURI |

STANNVHD OGNV SWv3a

) WNWUIW JO SIXE 8¢ Z-Z
"jueipenb yip JO PUZ UL UBYM
9A13{80d ‘juespenb pig 4O S| Ul 81 0 ‘D 0) 1 A
3200804 YIIM ‘9I0UER O |99y UIYM A IROSL 8 ) /.l'_ x

TUIS 3 —0guis A + 9800 %) = M

0Zuis 3 + 05802 4y 4 gguis ¥y = ¥y

A.:l:ul.-v+.:.|a:vzm, -4 >

v/.m
Lo s .. i
\.H.QH
!

(ea— 00— cha + ea—pn) Lo

2008 —§ o ¢
olem.ol.al 0900qez—q+u p 03.'!(:3 2°'q’s
| v |—2 =
Funs ST Sy va‘s
P n<...u- (|+v)—088 s'v'e
>—8 q—s s —8
b ]
(3-0) (a-0) (s-0)s p l.m.c-u l(.m.ecc o'q’e
vary ? v
[ 9
Y.~
2000qeZ —4q + s® = 42 Wlx
Q@ 00208 3 — g2 + g = ¢q
- - — & .
V8033qZ — 52+ 4qQ = o® sra+e-"* STIONVINL
AIIONV 3NOINEO
ﬂﬂ.ﬂ?lno v 9093 v uiso v — 08 o'y
<..w.-a (noo vunae v—d08 .y
z v uge - .
vies e - viwoos v — 08 .’y
—_—T 2 °
s —g3A® s —sdA e =00 | S=yue °‘s
MNII sQ+ssp mllccc m.l(l’ Qe
ey ? 9 . L ) v
pesnbey)
>
sQ + s® = g "
8@ — 3?0 = gq
39 — % = g®
SIIONVIMNL
OIATONY LHOINM
o‘- r"-—.-r(n- ‘0‘3
- !-“-"
av .y v Juseg P
OH=- v oeeod v s0s = Y2 o VU 0 y Jussumies
ad - (!(c..l!ﬂs.ol«“ﬂl v ivebusy
208 1
oVevau—ip-viesvups = YR VIR L yeumeo o
OB =V pmvunysos - YIS0 VI veus o "
V02 ¥ Us) = ¥ 208 y 900 = SNOILONNJ
V30000 ¥ UIS = ¥ 5903 + V¥ guIs = DINLINONODINL

t= dvenipey

SVININI04 JILIWONOIIL

Bt+ay + /.F
paqe e« i
A-A ¥ X-X INOQE 813140U) O INPOIg = Wy
[ e——q iy
0+q2 d+4+q)2
T £ WA sq "Xty = v A31AR46 JO 493U
x  a YBNOJY} SHUBWIOW JO Siny
11—
b - zue
e iz uey I1ONV
o 7 - --la.l_\« - teu
LMY L 1]
s U { - =ty
(z® + g'WZl)VY (z® — zH9)VY
PuUBI U = PZ UISgHU ,w.lsaeo-q: ﬂ =y
¢ uey
e "~ 'v
sz Ly

'Y —HAZ = ®

J83ued yBnoayy
SIUOWIOW JO Sixy

NOSDSATOd ¥VINO3AY

_u
081
sepIs josequny = u

cmn T LRAEEET e ume T T e e S - .- - e

SIdVHS TWiNLINYLS ANV
SNOILI3S JIM1IW03ID 40 S311Y¥Id0¥d




NOWDNYASNOD T133LS JO ILNLILSN| NYIIHINY
00¥°S2 000°1 » 1 00L°2t 00§ 2t %
£00°52 SLEVSE” €9 €0E"21 SLEVBY' 1¢ o
909°¥2 G1896° 29 The 90611 G(89¥° ot 4y
602°92 S21E%6° 19 60511 (74131 62
(3¢ 14 §LE6° 09 41 e SLEY’ 8 (471
L1474 S£8126° 65 o0 9L 01 S(812v° [ T
610°€2 62906° 8s e 61€°0t 62900’ 9% g,y
P74 024 629068 1] 226°6 62906¢ 14
s e 6.8’ 9% % 625°6 SLe” v %
828°12 6/£6S8° S o 81°6 SLE66E”° € o
er' e GLEVS” s e 1eL'8 SLEvE” 44 Ay
¥£0°12 21828’ €S o vEe's czisee” ¢4 o
889°02 (>40 2 % 886°L s21e” 02 "%
w2 '0e SL896L° 15 o wsL §L8962° 61 o
w8 61 [~4t T 0s b % wiL oz18e” 81 Lo}
L6l 2969 ° (14 ot w9 629592° L I
050°61 0sL” 14 % 0S€°9 062 91 7
£59°81 SLEvEL” w o €96°S clLevee” st o
96281 SL81L” 9% e 965°6 (812" 148 27}
668° (1 S21e0L” 11 6S1°G S2uene” €1 o
€9 L1 S(89° w W €9y SL81° 21 %
990° L1 S(81L9° 114 ot 99t°y SLBULT” 8¢ T
699°91 62959° v 1) 696°¢ 629st” 01 L]
et $290t9° w 2L5°¢ 6290Y1° 6 o
6(8°S1 529° oy % SL1°E 1748 8 %
8Lb°S1 ©L£609° 6€ o 8LL°2 GLE60T" L v
180°S1 GLE6G° 8¢ L3 18t°¢2 5L860° 9 L3
¥89° bl S2I8LS” L& v86°1 6218L0° S
882 vl 5§295° 9t °% 885°1 6290° 14 %
168°¢1 S{89YS” 193 611 SL890° € o
vopEl 17413 143 L ¥6L°0 621e0” 4 L
160°€1 629816° €E ot L6£°0 629510° 1 o
un.ﬂs“ﬂ“wc [LOVIET Ve [ e A uopdely nnuoo;“..u_“w‘ [LOTEL Y] SYITH uofjoes4

Sjuajeainb3 Jajawni yim
4ou! ue Jo Y}y9 yoea 1o
HONI NV 40 STYWID3Q

SRR



DECIMALS OF A FOOT
For each 32nd of an inch

tnch 1 2 3 4 5
0 .0833 .1667 .2500 .3333 .4167
Ya2 0026 .0859 .1693 .2526 .3359 .4193
Yie .0052 .0885 1719 .2552 .3385 .4219
¥ .0078 .0911 .1745 .2578 .11 .4245
% .0104 .0938 Am .2604 .3438 .42711
Y2 .0130 .0964 1797 .2630 .3464 .4297
¥e .0156 .0990 .1823 .2656 .3490 .4323
%2 .0182 .1016 .1849 .2682 .3516 .4349
% .0208 .1042 .1875 .2708 .3542 .4375
%2 .0234 .1068 .1901 2734 .3568 .4401
Ye .0260 .1094 .1927 .2760 .3594 .4427
¥ .0286 1120 .1953 2786 .3620 . 4453
% .0313 .1146 .1979 .2812 .3646 .4479
) .0339 1172 .2005 .2839 .3672 .4505
e .0365 1198 .2031 .2865 .3698 .4531
e .0391 1224 .2057 .2891 .3724 .4557
¥ .0417 .1250 .2083 .2917 .3750 .4583
%2 .0443 .1276 .2109 .2943 .3776 .4609
%e 0469 .1302 .2135 .2969 .3802 .4635
Wae 0495 .1328 .2161 .2995 .3828 .4661
% .0521 .1354 .2188 .3021 .3854 .4688
W .0547 .1380 .2214 .3047 .3880 4714
Ye .0573 .1406 .2240 .3073 .3906 .4740
¥ .0599 .1432 .2266 .3099 .3932 .4766
% 0625 .1458 .2292 .3125 .3958 .4792
b .0651 .1484 .2318 .3151 .3984 .4818
Mie .0677 .1510 .23 3177 -4010 .4844
% | .0703 1536 .2370 .3203 .4036 .4870
% .0729 .1563 .2396 .3229 .4063 .489%
e .0755 .1589 .2822 .3255 .4089 .4922
e .0781 .1615 .2448 .3281 .4115 .4948
b ) .0807 .1641 .2474 .3307 .4141 .4974
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DECIMALS OF A FOOT
For each 32nd of an inch

-
3
a
X

7 8 9 10 1n
0 .5000 .5833 .6667 .7500 .8333 .9167
Y52 .5026 .5859 .6693 .7526 .8359 .9193
Yie .5052 .5885 .6719 .7552 .8385 .9219
Y2 .5078 .5911 .6745 .7578 .8411 .9245
% 5104 .5938 .6771 .7604 .8438 .n
%2 5130 .5964 .6797 .7630 .8464 .9297
LU 5156 .5990 .6823 . 7656 .8490 .9323
e .5182 .6016 ..6849 .7682 .8516 .9349
% .5208 .6042 .6875 .7708 .8542 .9375
%2 .5234 .6068 .6901 734 .8568 .9401
Ne .5260 .6094 .6927 .7760 .8594 .9427
¥ .5286 .6120 .6953 .7786 .8620 .9453
% .5313 .6146 .6979 .7813 .8646 .9479
¥ .5339 .6172 .7005 .7839 .8672 .9505
Ae .5365 .6198 .7031 .7865 .8698 .9531
%2 .5391 .6224 .7057 .7891 .8724 .9557
Y .5417 .6250 .7083 .7917 .8750 .9583
Y2 .5443 .6276 .7109 .7943 .8776 .9609
Ye .5469 .6302 .35 .7969 .8802 L9635
%2 .5495 .6328 .7161 .7995 .8828 .9661
% .5521 .6354 .7188 .8021 .8854 .9688
Vs .5547 .6380 7214 .8047 .8880 9N4
We .5573 .6406 .7240 .8073 .8906 .9740
Y2 .5599 .6432 . 7266 .8099 .8932 .9766
% .5625 .6458 7292 8125 .8958 .9792
2 .5651 .6484 .7318 8151 .8984 .9818
%ie .5677 .6510 7344 .8177 .9010 .9844
R .5703 .6536 .7370 .8203 .9036 .9870
% .5729 .6563 .7396 .8229 .9063 .9896
M2 .5755 .6589 7422 .8255 .9089 .9922
% .5781 .6615 .7448 .8281 9115 .9948
W .5807 .6641 7474 .8307 .9141 .9978
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section 11

Pillars and Deck Girders

11.1 General

All tiers of beams are supported by pillars or by means which are not
less effective. "Tween-deck pillars are to be arranged directly above
those in the holds, or effective means are to be provided for trans-
mitting their loads to the supports below. Wide-spaced pillars are to
be fitted in line with a keelson or intercostal double-bottom girder
or as close thereto as practicable; the seating under them is to be of"
ample strength and is to provide effective distribution of the load;
lightening holes are to be omitted in floors and girders directly under
wide-spaced hold pillars of large size. Special support is to be arranged
at the ends and corners of deckhouses, in machinery spaces, at ends

of partial superstructures and under heavy concentrated weights. For
forecastle decks see also 17.9.

11.3 Stanchions and Pillars

11.3.1 Permissible Load

The permissible load W, of a pillar or strut is to be obtained from the
following equation which will, in all cases, be equal to or greater than
the calculated load W as determined elsewhere in the Rules.

Metric Tons Long Tons
W, = (1.232 — 0.00452//r)A W, = (7.83 — 0.3451/r)A

! = unsupported span of the strut or pillar in cm or ft
r = least radius of gyration in cm or in.
A = area of strut or pillar in em?2 or in.2

11.3.2 Length

The length [ for use in the equation is to be measured from the top
of the inner bottom, deck or other structure on which the pillars are
based to the under side of the beam or girder supported.

11.3.3 Calculated Load

The calculated load W for a specific pillar is to be obtained from the
following equation.

Metric Tons Long Tons
W = 0.715bhs W = 0.02bhs

b = mean breadth of the area supported, in m or ft
h = height above the area supported as defined below, in m or ft
s = mean length of the area supported, in m or ft

For pillars spaced not more than two frame spaces the height A is
to be taken as the distance from the deck supported to a point 3.80
m (12.5 ft) above the freeboard deck.

For wide-spaced pillars, the height A is to be taken as the distance
from the deck supported to a point 2.44 m (8 ft) above the freeboard
deck, except in the case of such pillars immediately below the free-
board deck in which case the value of A is not to be less than given
in Table 10.1, Column a; in measuring the distance from the deck
supported to the specified height above the freeboard deck, the height
for any "tween decks devoted to passenger or crew accommodation
may be taken as the height given in 10.3 for bridge-deck beams.

The height A for any pillar under the first superstructure above the
freeboard deck is not to be less than 2.44 m (8 ft). The height A for
any pillar is not to be less than the height given in 10.3 for the beams
at the top of the pillar plus the sum of the heights given in the same
paragraph for the beams of all complete decks and one-half the heights
given for all partial superstructures above.

The height A for pillars under bulkhead recesses or the tops of
tunnels is not to be less than the distance from the recess or tunnel
top to the bulkhead deck at the centerline.

11.3.4 Special Pillars

Special pillars which are not directly in line with those above, or
which are not on the lines of the girders, but which support the loads
from above or the deck girders through a system of supplementary
fore and aft or transverse girders, such as at hatch ends where the
pillars are fitted only on the centerline, are to have the load W for
use with the equation proportionate to the actual loads transmitted
to the pillars through the system of girders with modifications to the
design value of h as described in 1.3.3.

11.3.5 Pillars under the Tops of Deep Tanks

Pillars under the tops of deep tanks are not to be less than required
by the foregoing. They are to be of solid sections and to have not less
area than 1.015W cm? or 0.16 W in2, where W is obtained from the
following equation.

W = 107bhs metric tons W = 0.03bhs long tons

b = breadth of the area of the top of the tank supportéd by the
pillar, in m or ft

s = length of the area of the top of the tank supported by the pillar,
inmor ft

h = height as required by Section 10 for the beams of the top of the
tank, in m or ft
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h = height as required by Section 10 for the beams supported, in m
or ft

span between supporting girders or bulkheads, or between gir-
der and side frame, in m or ft. Where an effective bracket is
fitted at the side frame, the length / may be modified. See 9.3.3.

"~
(]

11.7.3 Proportions

Girders are to have a depth of not less than 0.0583!/ (0.7 in. per ft of
span [), the thickness is not to be less than 1 mm per 100 mm (.01
in. per in.) of depth plus 4 mm (0.16 in.), but is not to be less than
8.5 mm (0.34 in.) where the face area is 38 cm? (6 in.2), 10 mm with
63 cm? (0.40 in. with 10 in.2), 12.5 mm with 127 cm?2 (0.50 in. with
20 in.2) and 15 mm with 190 cm? (0.60 in. with 30 in.2).

11.7.4 Tripping Brackets

Tripping brackets arranged to support the flanges are to be fitted at
every third frame where the breadth of the flanges on either side of
the web exceeds 200 mm (8 in.), at every second frame where it
exceeds 400 mm (16 in.) and at every frame where it exceeds 600
mm (24 in.).

11.7.5 End Attachments
End attachments of deck girders are to be cffectively attached by
welding.

119 Deck Girders and Transverses in Tanks

Deck girders and transverses in tanks are to be obtained in the same
manner as given in 11.7.1 above, except the value of ¢ is to be equal
to 1.50 and the minimum depth of the girder is to be 0.0833! (1 in.
per £t of span /). The minimum thickness and the sizes and arrange-
ments of the stiffeners, tripping brackets and end connections are to
be the same as given in 11.7.3, 11.7.4, and 11.7.5.

11.11 Hatch Side Girders

Scantlings for hatch side girders supporting athwartship shifting beams
or supporting hatch covers are to be obtained in the same manner as
deck girders (11.7 and 11.9). Such girders along lower deck hatches
under trunks in which covers are omitted are to be increased in
proportion to the extra load which may be required to be carried due
to the loading up into the trunks. The structure on which the hatch
covers are seated is to be effectively supported. Where deep coamings
are fitted above decks, such as at weather decks, the girder below
deck may be modified so as to obtain a section modulus in cm3 or
in.3, when taken in conjunction with the coaming up to and including
the horizontal coaming stiffener, of not less than 35% more than the

required girder value as derived from 11.7.1. Where hatch side girders
are not continuous under deck beyond the hatchways to the bulk-
heads, brackets extending for at least two frame spaces beyond the
ends of the hatchways are to be fitted. Where hatch side girders are
continuous beyond the hatchways, care is to be taken in proportioning
their scantlings beyond the hatchway. Gusset plates are to be fitted
at hatchway corners arranged so as to tie effectively the flanges of
the side coamings and extension pieces or continuous girders and the
hatch-end beamn flanges both beyond and in the hatchway.

11.13 Hatch-end Beams

11.13.1 Hatch-end Beam Supports
Each hatch-end beam, similar to that shown in Figure 11.2, which is
supported by a centerline pillar without a pillar at the corner of the
hatchway, is to have a section modulus SM not less than obtained
from the following equations.

a Where Deck Hatch-side Girders are Fitted Fore and AR Beyond
the Hatchways

SM = K(AB + CD)hl cm? SM = 0.000527K(AB + CD)hl cm?®

b Where Girders are not Fitted on the Line of the Hatch Side
Beyond the Hatchway

SM = KABhl cm3 SM = 0.000527KABhl in.?

length of the hatchway, in m or ft

distance from the centerline to the midpoint between the hatch

side and the line of the toes of the beam knees, in m or ft

distance from a point midway between the centerline and the

line of the hatch side to the midpoint between the hatch side

and the line of the toes of the beam knees, in m or ft; where

no girder is fitted on the centerline beyond the hatchway C is

equal to B

D = distance from the hatch-end beam to the adjacent hold bulk-
head, in m or ft

h = height for the beams of the deck under consideration as given

in Section 10, in m or ft

distance from the toe of the beam knee to the centerline plus

0.305 m (1 ft), in m or ft

2.20 + 1.2%(F/N) when F/N < 0.8

4.28 — 2.17(F/N) when F/N > 0.6

one-half the breadth of the vessel in way of the hatch-end beam

distance from the side of the vessel to the hatch side girder

a m>»
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BASIC NAVAL ARCHITECTURE

Unit Number: 1

Title: Introduction
Tape Running Time: agM 453
Reading Assignment: None

Additional References: None

Scope:

In this unit the course is introduced to the students with a presentation of
the specific objectives of the course as applied to this particular class.
The text is introduced. Required student background is discussed. Reactions
to the video diagnostic test are solicited. Required materials are described.

Key Points to Emphasize:

1.

Identify instructor's name and times and place where he will be available
for consultation.

Introduce title of course, the time and place for classes, and specific
objectives of the course as applied to this particular class.

Play the Unit 1 video tape.
Announce how and where the course text, Modern Ship Design, may be

obtained. If the student is to purchase his own text note that the price
has increased over that announced in the video.

Discuss the diagnostic test given in the video.

Distribute the handout "Engineering Calculations". (A good time to go
into a discussion of engineering calculation procedures and formats will
be at the end of Unit 6 or Unit 7 before assigning home problems.)

Suggested Problem Assignment: None
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EXAMPLE NO. 1 (CON'T)

INTRODUCTION

SOLUTION:

+an6

+an 6

+an ©
(3]

o

w t

GM A

(200 1) 50.0 p1)

(3.40_5r)28,0001F)

loso
+an~' (.1050)
6.0

THE INCLINATION
WILL BE 6.0°
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INTRODUCTION

EXAMPLE NO. 2

FIND THE FRICTIONAL RESISTANCE OF A 600-FT (LWL)
SHIP TRAVELING AT 10 KNOTS IN SALT WATER
(TEMPERATURE = 59°F). THE SHIP HAS A WETTED
SURFACE OF 2.0 X 106 FT2

THE APPLICABLE FORMULAE ARE:

FRICTIONAL RESISTANCE

R.‘. = C{.?g-sz

= = LOMS
FRICTIONAL COEFFICIENT. Cr (Tos Be 227
REYNOLDS NUMBER = Re = ;}.



INTRODUCTION

EXAMPLE NO. 2 (CON'T)

v = VELOCITY IN FT/SEC

FT/SEC ,
V = \O kweTs * |LBH prve—aalE |6.88 Fr/sec
L = 600 er (GIVEN)
2/ = KINEMATIC VISCOSITY OF SEA WATER AT 59°F
Y = 1.2791 = 10"° ET°> (FROM TABLES)
SeEC
¢ = DENSITY OF SEA WATER AT 59°F
¢ =1.9905 25" (FROM TABLES)
= WETTED SURFACE IN FT2
S = 2.0 10° ¥° (GIVEN)
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INTRODUCTION

EXAMPLE NO. 2 (CON'T)

SOLUTION:

1. REYNOLDS NUMBER, -
Re = YL - (16.887/=H60057)
vV (V.279\ » 1075 %%/ seC)
Re = 7918.\ * 10°

Re = 7.918) » 10°

2. FRICTION COEFFICIENT,
Ce = . CT5

f (log Re "’2.)
L0115

(log(T-918 <108 - 2)%

0TS

(8.8986 -
OS5

(6.8986)2

e OO I\5TG

(.DT76 » 0”3

0
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ENGINEERING CALCULATIONS

Engineering calculations are the heart of any engineering design job.
Calculations represent the application of basic engineering principles and
engineering codes to a particular project. The calculations should be clear,
concise and easily checked by a supervisor or checker. The calculations also
have legal force and may be used in the event of a dispute in future years to
demonstrate that good engineering practice was followed in performing the
engineering work on the projects.

In this course, the student should practice good engineering calculation

procedure in working the problems. The outline that follows is pointed toward

engineering in practice, but can be applied equally well to solving the
practice problems in this course.

QUTLINE OF ENGINEERING CALCULATION PROCEDURES

1. Use of a quadrille or cross-section paper is recommended. This
facilitates preparation of sketches, tabular calculation formats, and neat
calculations. Many companies have preprinted calculation sheets, often
with a non-reproducible grid background.

2. The company name, project number, title of the project and subject of the
calculations and your name or initials should appear on every page. The
date the work is done should also appear on every page. Each page should
be numbered, for example, "Page 12 of 18", and a Table of Contents should
be included for long calculations.

3. A1l calculations should be printed legibly.

4, The formulas used in the calculation should be shown clearly and the
source of these formulas should be cited as a reference.

5. The approach to the problem should be explained clearlv. Any steps taken
in the solution that are not completely obvious should be explained.
Assume that another person, unfamiliar with the job, will be reviewing
your calculations years from now. Write your calculations up so that
this imaginary reviewer will be able to understand clearly what you did.

6. Key results should be underlined or enclosed in a box so that they stand
out clearly.

7. MWhenever possible calculations should be performed in a tabular format.
Experience has shown that tabular formats are more compact, can be checked
more easily, and that errors tend to be more conspicuous.

It is preferable to arrange summations in vertical columns rather than
horizontal lines. For example,

1-9



16,148.0 ft2
247.6 ft2
5,912.2 ft?
77,307.8 ft2

is preferable to
16,148.0 ft2 + 247.6 ft2 + 5,912.2 ft2 = 22,307.8 ft2.

Be sure to include units. Note that there is often confusion between long
tons (LT), short tons (ST) and metric tons (MT or TONNES).

Be consistent with the number of decimal places and the number of
significant places carried in the calculation. For example, the area of a
circle 351" in diameter is:

Area = 35.50 x 3.141592654 = 111.5265392.

In this case, everything past the second decimal place has no
significance. Also, the number of decimal places carried should be
consistent. There is a difference in meaning between:

351"
35.5"
35.50"
35.500"

In this example, 35 b@“ means 35 b@ inches exactly, or to the tolerance
specified on the drawing. 35.5" means between 35.45 inches and 35.54
inches. 35.50" means between 35.495 inches and 35.504 inches, etc. The
number of places carried should be consistent with the measurement
accuracy and the tolerances desired.






BASIC NAVAL ARCHITECTURE

Unit Number: 2
Title: Ship types and ship systems - 1
Tape Running Time: 34M 0°

Reading Assignment: Modern Ship Design (MSD), pp 3-10

Additional References: Ship Design and Construction (SDC), pp 1-13

Recent articles on ship types taken from trade
magazines

Scope:

The objectives of Units 2 and 3 are to introduce the student to various types
of ships and craft in commercial and military services and the trends in ship
design and propulsion which have developed in recent years.,

Key Points to Emphasize:

The instructor should use class time to supplement pictures shown in the video
with additional slides or transparencies. Acceptable transparencies can be
made from photos in trade magazines. Transparencies should be selected to
emphasize trends or ship features.

Suggested Problem Assignment: None

(The instructor may wish to requ1re students to read assigned articles in
trade magazines.)
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Odense built=- .
trio for U S Lines charter

An innovative design of
RoRo/LoLo containership
inspired by the trading
requirements of US-based
Delta Line, has been
delivered by Odense’s Lindo
yard in Denmark. ‘Sea Wolf
is the first of three
24,180dwt vessels for
which, due to a subsequent
chartering deal by Delta’'s
San Francisco-based parent,
Crowley Maritime
Corporation, the versatility of
the series operating in other
services may well be tested.

Conceived for serving ports on
Latin American routes having, as
yet, limited handling facilities, and
totally equipped for their cargo
access by MacGregor-Navire
(MGN), the design specified two
rail- mounted 40 tonne gantry cranes
of a new ‘CCB’ type from Liebherr.
These units can traverse the holds
over three layers of containers; a
fourth layer can also be stacked

The 10 cellular holds, all
forward of the superstructure, and
the garage deck aft respectively,
offer capacity for 1,936 TEU and
27 x 40ft trailers. Provision for both
containers and trailers reflects the
operator’'s RoRo experience in US
West Coast/Alaskan as well as
Caribbean services.

The MGN supply for the trio
was detailed in MacGregor-Navire
News 102, so we shall only briefly
recap here. RoRo access to the
garage area, which runs full beam
from aft under the accommodation
into No. 10 hold. is via an MGN
stem ramp/door angled at 45
degrees on the starboard side. In
three sections, it provides an 18.0m
long x 6.25m wide driveway and, as
a watertight door, closes a clear
opening 6.25m wide x 5.55m high
in the transom stern. Its total weight
is 52 tonnes and a maximum load of
100 tonnes can be sustained: this
allows for certain types of tractor
and US standard road trailers.

The normal maximum operating
slopeis X 1:7 (or8.1 degrees of arc)
but the ramp can also be lowered to
water level at a slope of —19
degrees.

Holds Nos | to 9 are each
accessed by three hatches, with two
only on Na. 10 because its central
space is taken up by a CO’ room.

MGN's supply is therefore 29
hatch covers per ship, all being one-
piece weathertight pontoon (lift
away) type panels with a combined
area of 3,374m’.

Clear opening sizes are:

Hatches 1 t0 9, centre - 12.445m
long x 10.492m wide; hatches 2 to
10p& sb-12.445m longx 7.959m
wide; hatchNo. 1 p& sb-12.445m
long x 5.290m wide.

The maximum weight of one
centre panel is 28 tonnes; the
combined weight of all the covers is
about 618 tonnes.

Each cover is designed for a
UDL of 1.75 tonnes/m’, equivalent
to containers stacked three-tiers
high weighing 60 tonnes/20ft or 90
tonnes/40ft.

Sea Wolf was delivered last
December only 14 months afier the
contract signing. her sisters are
scheduled to follow this year. Not
long before the handing over,
however, Crowley Maritime agreed
to bareboat charter the new trio to
United States Lines which also

A container-laden Sea Wolf caught by the aerial camera as she

transited the English Channel
v __:: R e i

acquire outright 11 other Delta
vessels. The agreement, subject to
MARAD approval, could see the
ships serving the round-the-world -
feeder network of their new operator.
For Odense, this new class is yet
another design reference for an
experienced Danish yard whose .
abilities were recently recognised
by the award of Lloyd's Register of .
Shipping's prized *Quality Assur- '
ance Centificate”: the first for a
European yard and only the |

seventh for a shipbuilder anywhere. !

PRINCIPAL PARTICULARS |

‘Sea Wolf' '
Length(0.a).......... 198.80m
Length(bp).......... 186.40m
Breadth................ 32.20m
Depth ................. 20.45m
Draught ................. 9.15m
Deadweight ...... 24,180 tonnes
Containers .......... 1,936TEU
Trailers ............... 27 x 40ft
Propulsion ..... Sulzer 7TRTA76
Output ............. 23,030 bhp
Speed ............. 17.80 knots
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PROFILE AND GENERAL ARRANGEMENT PLANS

OF THE 31 000 GRT NORTH SEA FERRIES

NORSEA & NORSUN
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PRINCIPAL PARTICULARS

NORSEA & NORSUN
Length, oa 178.9m
Length, bp 169.8m
Breadth, extreme 25.4m
Depth, mid (to F dk) 7.85m
Draught, max c1:6.13m
c2:6.08m
Draught, scantling 6.23m
Deadweight 6 340 tonne
Gross register (approx) 31 600ton
Service speeds 16.5& 18.5 knots
Engines 2 x Wartsila-Sulzer szaL40
2 x Wartsila-Sulzer 62aL40
Total McR 19 200kW (26 100 bhp)
Passengers 1250
Cabins 446/452
Crew 107
Cargo space 2 250 lanem
Cargo capacity 180 trailers, 850 cars,
or a mixture of both
No of decks 8
Classification Llioyds *F 100A1

Ferry »k LMC&UMSSOLAS
Short International Voyage
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R
NEW LNG CARRIER -- LNG LEO, newest liquefied nat.’.;:'l'_ralf;fhl" .
gas tanker to be built at Gene{alADvnamics' Quiiay :jilu‘h_
Shipbuilding Divisiﬂc;r.i, r.eﬂt.urns following complet-:{cfn. v
of successful sea trials in the Atlantic. Naming ¢ Vi
ceremonies for the 936-foot, 125,000-cubic-meter
tanker were held today (PDec. 2) and she will join
her sister ships early next vear in transporting
LNG between Indonesia and Japan.

FE283/

12/2/78

For further information
GENERAL DYNAMICS CORPORATION
QUINCY SHIPBUILDING DIVISION, 97 EAST HOWARD STREET, QUINCY, MASSACHUSETTS 02169 617 4714200
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Powerful currents drive

the Queen

The new electrical system for Queen Elizabeth 2 has an installed

capacity of over 90MW, enough to drive the vessel at a service

speed of 28.5 knots and supply all the passenger services with

The nine diesel engine driven Ac gener-
ators for the refit were designed and
manufactured by the Generator Divi-
sion of GEC Turbine Generators Ltd,
Stafford, UK. '

Each machine is rated 10.5MW at 400
rev/min and generates 10kV at a fre-
quency of 60Hz. The generators provide
power for the two 44MW electric pro-
pulsion motors and for the hotel load.

The electrical propulsion system was
designed and supplied by GEC Elec-
trical Projects Ltd, Marine & Offshore
Division, as subcontractors to MAN
B&W. It is the world’s first in many
respects, the most important aspect
being the use of synchro-convertors.

In some ac propulsion systems the
propulsion motor runs at a fixed speed
corresponding to 50/60Hz, a constant
frequency being necessary if the pro-
pulsion bus is used to supply the ship’s
auxiliary load. Alternatively, the pro-
pulsion motor can run at variable
speeds with a variable frequency
supply, but under these circumstances
the propulsion busbar could not be used
to supply the ship’s auxiliaries.

However, the use of synchro-
convertors provides a variable fre-
quency supply for speed control of the
AC propulsion motors. In addition they
can be used to give a soft start facility to
enable the propulsion motor to be syn-
chronised with the propulsion busbar.

Thus, the propulsion motors can be
speed controlled as they would be with
a conventional thyristor fed bc motor.
Alternatively, they can be run synchro-
nised onto the propulsion busbar
system. The use of one system or the
other is directed by the sailing mode.

The 18-pole generators are of the
salient pole type and are directly driven
by the diesel engines. A brushless
excitation system is used to avoid prob-
lems associated with carbon brush dust
and current collection that can occur
with conventional DC exciters or static
excitation. The brushless design incor-
porates a permanent magnet pilot ex-

RE-ENGINING QE2, THE MOTOR SHIP, JUNE 1987

capacity to spare.

L

The 18-pole generators are rated at 10.5MW at 400 rev/min; the field is provided by a

brushless excitation system, using < permanent magnet exciter, seen on the right of

the photograph.

citer to supply the field of the main
exciter via the automatic voltage regu-
lator. With this design the excitation
scheme is independent of any external
sources of supply.

A conventional two-bearing arrange-
ment was selected for the generators
with the stator frame and bearing
pedestals mounted on a fabricated bed-
plate; on board the bedplate is securely
bolted to the floor of the engineroom.

The generator bearings are self-
lubricated by an assembly of oil discs
and scrapers. Both bearings are p.o-
vided with cooling tubes immersed in
the oil bath contained in the pedestal
sump, and a continuous supply of water
to these cooling tubes removes the heat

generated at the bearing surfaces. The
generators are coupled to the diesel
engines by Vulcan flexible couplings;
hence there is the possibility of some
axial movement of the generator rotor
arising from the pitch and roll of the
ship in rough seas. To overcome this
problem thrust pads are incorporated in
the front end bearing to accommodate
the resulting axial loads.

The machines are ventilated by a
closed air-circuit water-cooled system
where air is recirculated through heat
exchangers mounted on top of the
stator frame. Air is drawn by fans
mounted at each end of the rotor, and
flows through the stator windings and
then in paralle] paths through the air

2.0 =
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Diesel-electric power chosen
for Queen Elizabeth 2

Cunard, the UK shipping line,
has opted for a diesel-electric
configuration to replace the
existing turbines on boards its
liner Queen Elizabeth 2. Nine
9-cylinder MAN-B&W 5864
series engines producing a
total of 94 500kW (130 000
bhp) will be installed in the
vessel. MAN-B&W are also
responsible for the technical
layout and delivery of the
complete production package
which also involves GEC and
Harland and Wolff.

The cost of re-engining the
QE2 will be DM90 million
(US$34 million).

The new plant is expected to
make a daily saving of 250
tonne of fuel oil at a service
speed of 28.5 knots although a
top speed of 32.2 knots will be
attainable.

The West German shipyard
Lloyd Werft, Bremerhaven
will begin work on the DM300
million (US$114 million) refit
in October 1986 with the
vessel spending 179 days at
the berth, to be returned to
Cunard in April 1987. Cunard
has already planned its cruise
programme for 1987 and
heavy penalty clauses are in-
cluded in the contract.

MAN-B&W'’s L58/64 engine
series (The Motor Ship special
supplement, March 1985) has
been developed for a power
range between 5884 and
11 033kW (8 000 and 15 000
bhp), to provide an overall cost
effectiveness for a large bore,

THE MOTOR SHIP, DECEMBER 1985

four-stroke engine. The char-
acteristics of this engines fuel
consumption, lube oil con-
sumption, exhaust energy re-
covery, heavy fuel operation
and maintenance are sum-
marised thus:

Fuel consumption. A con-
sumption of 123 g/hph at 85
per cent ECR was achieved on
the testbed with a 3L58/64 ex-
perimental engine and figures
of 120 to 121 ghph are
foreseen.

Lube oil consumption.
Rates of less than 1 g/hph
have been achieved.

Exhaust gas recovery. Be-
tween 350 and 700kW of elec-
trical energy can be gained
from the exhaust gas, thus
providing 50 per cent more
exhaust energy than current
two stroke engines.

Heavy fuel operation. The
58/64 engine series has been
run on significantly lower
grade heavy fuel than is cur-
rently available on the
market, says the company, and
has been operated on fuel of
1720 ¢ST (7 000 sec Redwood
1) from the outset. A simple
means of adjusting ignition
timing is incorporated with
which the combustion process

can be adapted to operating

and ambient conditions, such
as the varying quality of the
fuel.

Maintenance. A high
power output developed on a
small number of cylinders
means low maintenance costs,

say MAN-B&W. With just
four variants from six to nine
cylinders the 58/64 series
covers a 7000kW power
range. Short removal and in-
stallation times are claimed
for the engine together with a
long service life of the major
components.

In addition to the ma-
chinery which will require
some structural modifications
to the ship, extensive alter-
ations in the accommodation
are also planned to provide
more luxury for passengers.
Extra deluxe and 1st class
cabins will be add=d together
with new communial areas
with integrated shopping ar-
cades, bars and a conference
centre. A squash court and
entertainment centre will also
be added.

Over the bridge an all-
weather observation lounge
will be built for passengers.
Other attractions will include
a swimming pool with adjust-
able floor, making it possible
to raise it to a safe height for
children or change it to a
dance floor. Galley spaces are
to be rebuilt in one central
location and a new hospital
and doctors surgery are to be
built. Crews mess and recre-
ation areas will also be im-
proved. A new automatic tele-
phone exchange will be in-
stalled to make it possible for
all cabins to be linked via
Satcom to make international
calls. O

Cross section of the 5864 engine
showing the monobloc frame
and the underslung crank-
shaft.

5864 on which development
tests were carried out.

Cp propeller and Grim wheel
of the type to be fitted to the
QE2. The operation of the
Grim Wheel was discussed in
The Motor Ship, February

' cQ fi \-’- 67
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gap where it exhausts outwards
through ducts in the stator core. The
hot air is directed upwards through
openings in the top of the frame to the
heat exchanger. The recooled air is
then drawn back to the rotor fans to
complete the circuit. The brushless
exciter is ventilated by air from the
generator air circuit via overhead ducts
from the stator endshields.

The heat exchanger is contained in a
steel housing mounted on top of the
stator frame. It utilises a double tube,
double tubeplate design. With this
arrangement any water leakage in the
event of a tube failure is contained
within the outer tube and is channelled
into the space between the double
tubeplates. This space is drained into a
cooler leakage tank fitted to the side of
the stator frame. A liquid level detector
provides a warning of a:iy leakage from
a cooler.

The overall length of the machines
bad to be limited because of space
constraints, and modifications were
introduced into the exciter design to
shorten its length. One such change
involved the rotating diode carrier
which was redesigned and mounted
underneath the armature winding over-
hang of the main exciter.

In the event of a major failure of one
of the generators, the machines are
designed such that all of the poles and
the top two-thirds of the stator winding
can be removed without having to
withdraw the rotor or remove the ex-
citer and bearing pedestals.

To reduce the erection time at the
shipyard, the machines were delivered
fully erected on their bedplates. To
facilitate transport with the rotor
secured inthe core of the stator, a new
design of endshield was developed.

The stator frames are waterproofed
up to the underside of the shaft to meet
Lloyd’s requirements.

The order for the generators was
received at the end of December 1985,
and manufacture of all nine machines
was completed by the end of September
1986.

Motors

The motors were designed and manu-
factured by GEC Large Machines Ltd in
Rugby. The order was received in
December 1985 and the motors were
completed, tested and despatched to
Bremerhaven in August/September
1986.

These are believed to be the largest
single unit propulsion motors in com-
mercial service.

The machines are 9m long and 8%m
in diameter. The 900mm diameter shaft
is 5.7m long and carries a rotor of 6m
diameter, the complete shaft and rotor

xxX

10kV, 60Hz

Transtormer é
T Hotel bus 3-3kV, 60 Hz T
. Q= .

o=
Hote!

tsolation

breaker

PORT STARBOARD

@ = Breaker

Electrical power for propulsion and for the hotel requirements of the ship are
supplied from any combination of the nine generaltors. The synchroconverters are
used for shaft revolutions up to 72 rev/min; above that speed the shafts are driven at

144 rev/min, corresponding to the ship’s frequency of 60Hz.

weighting 105 tonne. The complete
motor weighs approx 300 tonne. The
shaft carries a rated torque of 2.92
X 10°Nm, nearly 12 times that of each
generator. .

The machines had to be designed
both mechanically and electrically to
meet the stringent conflicting demands
of very limited space and performance
within established criteria. Because of
the large physical size, the production
constraints, transport and assembly at
the dockside, and practicability of on-
board maintenance strongly influenced
the design.

The stator frame was split into two
sections of about 75 tonne each to
facilitate transport. When reassembled
with their endplates they form an ex-
tremely rigid box structure, which is
designed to be watertight up to the
underside of the shaft. This was tested
in the factory, prior to core and winding
assembly, by filling the lower half with
50 000 litres of water.

Similarly the rotor was split into two
half rim/disc units of 35 tonne, and a
shaft (28 tonne). The design was
arranged to minimise production time
on final assembly. Factory tests in-
cluded an electrically coupled run with
one machine as a generator. After tests
the component parts were shipped to
Bremerhaven where they were reass-
embled under GEC supervision before
being lifted complete into the ship.

The motor enclosure is arranged for
closed air-circuit water cooling. Air is
circulated through four frame-mounted
heat exchangers by eight motor-driven
fans, the re-cooled air being returned to
each end of the motor. A double tube,
double tubeplate design is used to
provide the same high integrity cooler
as on the generators. The particular air
circuit arrangement was necessary be-
cause of the severe space restrictions
and the need to achieve uniform venti-
lation.

The motor shaft is supported in two
pedestal-mounted sleeve bearings.
These were specially designed for the
duty and are self lubricated and water-
cooled in a similar manner to the
generator bearings. In addition they
incorporate high pressure jacking oil.
This is used to ensure proper lubri-
cation and minimise wear at start and
under low speed conditions. It is also an
essential factor to assist maintenance
and barring operations. The motor is
solid coupled to the 70m-long propellor
shaft, which is inclined 1.5 deg to the
horizontal. The thrust block immedi-
ately adjacent to the motor, provides
axial location. S

Both stator and roto: windings have
full Class F insulation but operate at
Class B temperature rises (82°C rise in
the stator, 90°C rise in the rotor, both
based on cooling water at 38°C).

(Continued on pﬁ:ﬁ% b
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The stator coils were designed to
facilitate removal and replacement for
shipping and reassembly at the stator
joints. This feature also allows in-situ
removal and replacement, should this
ever be required. Similarly the rotor
pule and field coil are designed as an
integral assembly to facilitate in situ
remaval. The poles can be removed
through aceess covers in the end plates.

The motors have inboard sliprings
desigmed  for  static  excitation from
remote mounted equipment, arrange-
ments are made to prevent carbon dust
entering the motor.

The variable frequency starting
scheme avoids the high power which
would be required to start the motors
direct from the generators. This
accelerates the motors to synchronous
speed, or runs the motors at sub-
synchronous speed for manoeuvering
purposes. The power restriction in this
mode is 11IMW at 144 rev/min on each
motor. Thereafter the motors are syn-
chronised on to the main generator
supply where full power of 4MW can
be achieved by adjustment of the vari-
able pitch propellers.

Frequency controls

Two identical frequency convertors are
provided to enable the motors to be
accelerated up to speed for synchro-
nising and to enable them to be control-
led at variable speed as required.

These so-called Syncdrive convertors
were manufactured and supplied by
GEC Industrial Controls and they are
each rated to provide the following:

55MW at 72 rev/min
11.0MW at 144 rev/min

with a constant torque characteristic
between these speeds.

The Syncdrive is a bc link type
convertor system where the power from
the Ac propuision busbar is first conver-
ted into DC using a naturally com-
mutated thyristor convertor, known as
the supply corvertor. An identical ma-

chine convertor changes the DC power |

into Ac of the appropriate frequency for
the motor. This convertor always works

in synchronism with the rotation of the
motor and it relies on the presence of
sinusoidal generated voltages from the
motor for its operation. The convertor
directs the circuit current into the
appropriate motor windings so that the
optimum torque is gemerated at all
times: it is impossible for the motor to
fall out of step with the convertor.

With the normal working range the
converiors are paturally commutated
using the supply and motor-generated
voltages to assist in the switching of the
thyristors. At low speeds, however, the
motor generated voltage is insufficient
for this purpose and hence the supply
convertor is used to assist the switching
of the machine convertor from standstill
up to approximately 7 rev/min.

The two identical Syncdrives each
consist of a suite of cubicles housing the
thyristors and all the necessary control
and protection apparatus. The thyris-
tors are air-cooled and they are moun-
ted on separate thyristor modules
which can be removed and replaced
quickly if necessary.

All the electronics for the drive is
housed in a separate section of the suite
along with the necessary sequencing
relays and alarm annunciation.

The Ac line reactors and the pc link
reactor are installed in a room immedi-

i}

i

One of the five MAN B&W diesel engines
in the aft engineroom, the other four
are in the forward engineroom.

ately below the convertors. They are
air-cored and air-cooled. The Ac line
reactors limit the level of fault current
which can flow in the circuit and also
provide a measure of decoupling be-
tween the port and starboard conver-
tors. The Dc reactor provides for
smoothing of the pc link current and
serves to prevent interaction between
the operation of the supply and machine
convertors. They also limit the rate of
rise of fault current and allow the
convertors to be fully protected against
all fault conditions by static means.

Switchboard
The main 10kV switchboard, designed
and built by Field & Grant Birmingham,
is divided into two sections which are
mounted in port and starboard switch-
board rooms.
Four of the diesel generator sets are

5
i

" gether with the port propulsion motor
_ . and synchro-convertor and port ship
m X service transformer. The other five

2 &

A connected to the port switchboard to-

-

- L] = el ) gl | units are connected to the starboard
< ededGdEsd B EaC ey ‘ S | section along with the starboard pro-
] 2 L5} §. pt pulsion motor and starboard ship ser-
B A vice transformer.
e Mt Mt e During normal operation the number
o e e of generators on line, are selected to
et suit the operating conditions. The two

—n—&%_
a‘dﬁm o) 4 ?}L - o "J & sections of the board are synchronised

=/ v .- and connected together through the bus
— ;/ [

i tie circuit-breakers and the busbar
bridge. .
The necontrolcmzsolekasaﬂumdwgmmofﬂwoompldegenmtwn . -
distribution and electric propulsion system. Note how the division of the five and The two outer bus section circuit-
four engines is replicated on the board. An uninterruptible power supply provided | breakers allow the propulsion and ship
by Aval-Lindberg ensures that the momitoring system will continue to function | service supplies to be separated and
irrespective of mains power failures.

(Continued cgage@?)
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' operated as two independent systems.
This arrangement allows for two pos-
sible operating conditions that could

cause difficulties in the ship's distribu-’

tion system. The first condition is fre-
quency disturbances caused by cyclic-
ally varying propulsion load in a heavy
sea, whilst the second is voltage distor-
tion caused by the synchro-convertors.

The motor synchronising equipment
is provided with a synchro-phasing
feature in addition to its normal syn-
chronising capability whereby the two
propeller shafts are synchronised to the
supply with a particular phase rela-
tionship. The purpose of synchro-
phasing is to permit the optimum blade
angle for the propellers to be used
minimise vibration.

There is a cross-connecting option
for the convertors so that either conver-
tor can feed either motor and using this
arrangement it is possible to start the
two shafts in sequence should there be
a fault in one of the convertors.

Control of propulsion system

The propulsion system can be operated
either automatically or manually with
manual control being exercised either
at the engineroom console or at the

10kV switchboard. Manual control is at
two levels.

In automatic control a propulsion
motor is started and runs in response to
signals produced by the mode switch on
the Lips control panel and changes
from one mode to another are made
automatically.

In manual control the operator has to

start and stop the equipment auxiliaries
and close or open the circuit-breakers
using the controls provided on the
engine-room console or at the switch-
board.
However, whatever the method of
control, all essential sequencing is car-
ried out by relays in the enginerocom
console or in the synchronising panels
of the two switchboard sections, with
some interlocking for a shaft startup
being carried out at the reserve excita-
tion panel. In principle the sequencing
is simple, but it is complicated in
practice the convertor changeover.

In the engineroom the controls are
arranged on the basis that it is possible
for the starboard convertor to be used
with the port motor and vice versa.

The lowest leve] of control is at the
main 10kV switchboard; in this
(manual) mode all the generators,
motors, convertors, transformers can be

switched and controlled from the
switchboard using controls mounted on
the front panel of the various sections.
Effectively it is necessary for the
operator to actuate the elements in the
correct sequence, although there are
interlocks and inhibits to ensure that all
necessary operations are completed at
each stage of the sequence.

The second form of manual control is
at the console in the engine control
room. This provides essentially the
same functions as those at the switch-
board.

Automatic control

The fully automatic system is based on
input signals from the Lips propeller
control equipment. There are four
operating modes:

® harbour mode;

® ready-to-sail mode;

® combinator mode; and
© free sailing.

In harbour mode the propulsion
system is effectively shut down and the
only generators in use are those neces-
sary to supply the demands of the ship
services distribution system. In practice
this means that one diesel generator set

EPOCAST 36°
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CHOCKING/GROUTING TECHNOLOGY

H. A. SPRINGER marine

+ industrie service GmbH
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will be running while a second will be
on standby.

In ready-to-sail mode all the essen-
tial propulsion system auxiliaries are
energised and in a healthy state. For
the propulsion motors this means:

o ventilating fans running;

® bearing jacking oil pumps running;
and

® excitation equipment selected and
healthy.

For the convertors it is necessary
that:

o the appropriate convertor is selected
for the propulsion motor;

o the convertor auxiliary supplies are
on and convertor control circuits are
healthy and selected to remote control;
and

o the convertor fans are running.

For the shaft system it is necessary
for:

o the propeller to be in zero pitch; and
o the shaft brake and barring gear to be
disengaged.

The generators running and con-
nected to the busbar system must ob-
viously be adequate to meet the power
demands of the ship service load and

One of the main propulsion motors.
Each is rated at 4MW at 144 rev/min
and weighs 290 tonne. Up to 72 rev/min
they operate wunder control of the
synchroconverters; see below.

Lk Machine
choke convertor
o aaa"

Supply
convertor

Three-phase
supply

132

_Circuit diagram for a synchroconverter
and ] motor. Two such
systems with a total rating of 22.8MW
areinstalled.

xcvi

the propulsion load.

In combinator mode the propulsion
motors are supplied, at variable fre-
quency, by the synchro-convertors and
are running at a speed set by either the
Lips propeller system or by speed
setting switches on the engineroom
console or the switchboard.

When running under the control of
the Lips system the propeller pitch is
automatically controlled to ensure that
there are no overloads on the convertor
system.

The convertor/motor combination is
effectively a constant torque drive since
the maximum torque it can develop is
essentially independent of speed and is
determined by the product of convertor
current (which is motor stator current)
and motor field current. The system
behaves as a pc motor and obeys the
same fundamental torque law, that is:

Motor turque = KII;

K = motor torque constant
I, = armature current

I; = field current

The motor is started with the propel-
ler set to zero pitch and it remains at
this setting until the speed has reached
72 rev/min.

With the motor running at 72 rev/min
the propeller pitch can be increased up
to the full setting and in this condition
the motor will be developing 5.5MW. To
increase the power it is necessary to
raise the speed of the propeller but the
pitch must then be reduced, otherwise
there will be an overload on the motor-
convertor equipment.

How<ver should the shaft speed be
increased with too high a value of pitch
on the propeller then the torque im-
posed on the motor, by the propeller,
will increase until it reaches the rated
torque condition for synchro-convertor
supply, that is, 730 kNm. This is the
maximum torque which the motor can
develop in this mode and when it is
reached there will be no further in-
crease in motor speed but the motor will
continue to operate safely. An increase
in speed will be possible only if the
propeller pitch is reduced.

Safety features

In normal automatic operation the Lips
propeller control system will reduce the
propeller pitch at the same time as it
calls for an increase in shaft speed and
there should be no danger of torque
limit operation.

The motor field current can be con-
trolled while in the combinator mode,
either to maximise the torque produced
for a given value of converter current or
to provide constant volts/cycle opera-
tion of the motor.

In constant volts/cycle mode the field

RTINS e SIS0 A S

current is controlled so that the voltage
measured at the motor terminals varies
linearly with speed and has a value of
10kV at 144 rev/min or 55kV at 72
rev/min.

In this installation the motor is
operated with the maximum possible
field current at 72 rev/min and at
speeds up to approximately 120 rev/min
when a constant volts/cycle control is
introduced.

Safety

When the drive is operating in the
combinator mode it is possible to take
advantage of the rapid control possible
with convertors to provide some safety
features. For example, by monitoring
the frequency of the ac supply to the
convertor it is possible to detect a diesel
engine overload condition since this
will result in a loss of speed and hence
system frequency. By arranging for the
convertor load to be reduced if the
frequency falls below a preset level it is
possible to avoid blackout conditions,
provided that the connected diesel
generators can supply the other loads
remaining after the convertor load has
been shed.

Another overload protection feature a
reduction in the overall current should
any generator be subjected to an ex-
cessive current, caused possibly by an
excess lagging load. This feature will
avoid tripping a generator on over-
current.

When the motor is operating at maxi-
mum power in combinator mode it has
to be synchronised to the supply to
obtain any higher powers.

In free sailing mode the motor is
synchronised to the busbars and
operates at powers up to 4MW per
shaft, the actual level being dependent
on the generators connected to the
busbars.

Since in free sailing mode the motors
operate at a constant speed which is
dictated by the supply frequency, and at
60Hz the motor speed is 144 rev/min,
the power developed by the motor is
determined by the propeller pitch. The
pitch has therefore to be controlled so
that there are no overloads on the
propulsion machines, that is neither on
the motors nor on any of the supply
generators.

The only control function that is
available at the motor during synchron-
ous running is motor field current and
this is arranged so that the motor is
operated at unity power factor. This
reduces the machine losses, at powers
below full load, compared with the
alternative strategy of operating with
the field current set to the level re-
quired for unity power factor at full
load. .24 D
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BASIC NAVAL ARCHITECTURE

Unit Number: 3
Title: Ship types and ship systems - 2
Tape Running Time: 33M 503

Reading Assignment: MSD pp 11-12

Additional References: Recent articles on ship types taken from trade
magazines

Scoge:

(same as Unit 2)

Key Points to Emphasize:

(same as Unit 2)

Suggested Problem Assignment: None

(The dinstructor may wish to require students to read assigned articles in
trade magazines.)
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BASIC NAVAL ARCHITECTURE

Unit Number: 4

Title: Ship types and ship systems - 3

Nomenclature - 1

Tape Running Time: 36M 395

Reading Assignment: MSD, pp 13-15

Additional References: None

Scope:

The treatment of ship types and ship systems is concluded by a classification
of types of commercial and naval ships by the cargoes they carry, the missions
they perform, and the type of support they receive (hydrostatic, hydrodynamic,

aerostatic).

directions on board ship, dimensions and markings.

Key Points to Emphasize:

1.

5.

Review the units used in the course.

The first of three units on nautical nomenclature begins in the
last half of this unit with a discussion of units used

in the course,

Review ship dimensions - Lpp, Ly > Loas midships symbol, beam, depth,

draft, displacement.
Discuss weight, displacement and tonnage.
Review load line marks and draft marks.

Review bale capacity and grain capacity.

Suggested Problem Assignment:

(A "NOMENCLATURE CHECK-OFF LIST" is included just ahead of this page. The
instructor may wish to use this for his own guidance in covering nomenclature
items, or may even wish to distribute to students for their use.)

Ty




BASIC NAVAL ARCHITECTURE

NOMENCLATURE CHECK-OFF LIST

GNIT 4

long ton
tonne
nautical mile
knot

port, starboard
forward, aft
outboard, inboard
athwartships
abaft

fore perpendicular
aft perpendicular
(merchant and navy)

anchor's aweigh
displacement

deadweight

tonnage

Plimsall Mark

American Bureau of Shipping
winter load line

bale capacity
grain capacity

UNIT 5
forecastle

jackstaff
union jack

stem
main deck
scuppers
freeing port
bulwark
superstructure
deck house
truk - (check)
gaff
ensign
flagstaff
bilge keel
poop deck
weather deck
main deck
second deck
partial deck
platform
forecastle
superstructure deck
fantail
bulkheads
WT bulkheads
NT bulkheads
0T bulkheads
forepeak bulkhead
collision bulkhead
afterpeak bulkhead
strength bulkhead
non-structural bulkhead
forepeak tank
inner bottom
tank top
flat
afterpeak tank
Navy deck numbering system
N1 deck
02 deck, etc.
WT door
weathertight door
NT door
joiner doors
access hatches
cargo hatches



scuttle
manhole

dog

quick acting door
quick acting scuttle
coaming
compartment
hold

passageway
overhead
ceiling

galley

gangway
quarterdeck
ladder
stairwell
companionway
booby hatch
boot top

sea chest
'tween deck
head

port

deadlight
deadwood

skeg

ground tackle
anchoring
mooring

quay

hawsepipe

chain pipe
chain locker
bitter end

old fashioned anchor
palm

fluke

bill

pea

stock

throat
stockless anchor
mushroom anchor
Danforth anchor
shot of chain
fathom

bending shackle
pelican hook
chain stopper
windlass
capstan

wildcat

chock
bullnose
devil's claw
cleat

open chock
closed chock
roller chock
bollard
padeye

UNIT 6

radial davit

falls

monkey lines
crescent davit

Welin gravity davit
accommodation ladder
Jacob's ladder

burtoning system
yard-and-stay rig
hatch boom

yard boom
topping 1ift
yard whip

hatch whip
outboard guy
midship quy

lazy gquy

vang

gooseneck

aypsy

cathead

gantry

spreader




stuckenmast system
dunnage

sparring

IWQ

battens

ceiling

scantlings
garboard strake
sheer strake

"B" strake

flat plate keel
center vertical keel
riderplate

girder

hatch-side girder
CVK

FPK

beam

longitudinal
stringer

stringer plate
margin plate

floor

solid floor

open floor

$

lightening hole
flat bar stiffener
side girder

strut

reverse frame
transverse framing system
longitudinal framing system
deep web frame
hold bracket

frame bracket
keelson

stanchion, pillar
intercostal member
limber hole

stem

rolled plate stem
rabbet

breasthook

stern frame

shoe

sternpost

pinties
gudgeons

4-if
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SHIP TYPES AND SHIP SYSTENS

MERCHANT SHIP TYPES BY TRADE

1.

DRY BULK TRADES

 IRON ORE CARRIERS

* COAL CARRIERS

GRAIN CARRIERS

BAUXITE AND PHOSPHATES CARRIERS

FOREST PRODUCTS CARRIERS

STEEL PRODUCTS CARRIERS

OTHER TYPES: MNANGANESE, IRON PYRITES, SALT,
SULPHUR, GYPSUM, ETC. '

LIQUID BULK TRADES

CRUDE OIL TANKERS

LIQUID PETROLEUM PRODUCT CARRIERS
LIQUIFIED NATURAL GAS AND PROPANE GAS
CARRIERS

LIQUIFIED CHEMICAL PRODUCT CARRIERS

COMBINATION TYPES
« ORE/BULK/OIL (0BO) SHIPS
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SHIP TYPES AND SHIP SYSTENMS

MERCHANT SHIP TYPES BY TRADE (CON'T)

4.

BREAK-BULK GENERAL CARGO SHIPS

MANY MANUFACTURED GOODS AND SEMI-FINISHED GOODS
ARE STILL TRANSPORTED IN "BREAK-BULK" FORK;
THAT IS EACH ITEM IS INDIVIDUALLY PACKAGED IN A
CARTON, CRATE OR BALE AND MUST BE HANDLED
SEPARATELY AS IT IS LOADED INTO THE SHIP,
STOWED IN ITS HOLD, THEN OFF-LOADED AND
DISCHARGED AT ITS DESTINATION.

BREAK-BULK CARGOES TEND TO BE HIGH-VALUE
CARGOES AND COMMAND HIGHER FREIGHT RATES.
ALTHOUGH THE SLGW CARGO HANDLING RATE MAKES
THIS TYPE OF SHIP INEFFICIENT COMPARED TO A
CONTAINER SHIP, GENERAL CARGO SHIPS STILL
PERFORM A USEFUL SERVICE IN TRANSPORTING
DIVERSE TYPES OF CARGO TO PORTS NOT SERVED BY
THE LARGER CONTAINER SHIPS.
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SHIP TYPES AND SHIP SYSTENMS

MERCHANT SHIP TYPES BY TRADE (CON'T)

5.

UNITIZED CARGO CARRIERS INCLUDE CONTAINER
SHIPS, RO/RO VESSELS AND BARGE CARRIERS.
UNITIZED CARGO CARRIERS REDUCE MUCH OF THE
CARGO HANDLING TIME AND PROBLEMS ASSOCIATED
WITH BREAK-BULK GENERAL CARGO SHIPS AND HAVE
REPLACED BREAK-BULK CARRIERS IN LINER SERVICE
TO MAJOR PORTS.

CONTAINER SHIPS HAVE BECOME COMMON SINCE THE
ADVENT OF STANDARD SIZED CONTAINERS WHICH CAN
BE UTILIZED INTERNATIONALLY. THE LARGER FASTER
CONTAINER SHIPS TEND TO SERVICE LARGER PORTS
WITH ELABORATE PIERSIDE CONTAINER CRANES WHICH
CAN LOAD AND OFF-LOAD CONTAINERS RELATIVELY
QUICKLY. CONTAINERS ARE STOWED IN THE HOLDS IN
COLUMNS OR "CELLS" SUPPORTED BY VERTICAL STEEL
CELL GUIDES. ADDITIONAL CONTAINERS CAN BE
STOWED ON DECK ON TOP OF THE HATCHES.
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SHIP TYPES AND SHIP SYSTEMS

NAVAL SHIP SYSTEMS (CON'T)

INDIVIDUAL SHIPS, FOR EXANPLE, DESTROYERS AND
FRIGATES, MAY BE REQUIRED TO OPERATE ON SINGLE-SHIP
MISSIONS IN WHICH CASE THEY NMUST BE SELF-SUSTAINING

‘FOR PERIODS UP TO 30 DAYS OR THEY MAY BE REQUIRED

TO PROVIDE ANTI-SUBMARINE, ANTI-AIRCRAFT AND
MISSILE DEFENSE SERVICES TO A BATTLE GROUP
INCLUDING A MIX OF CRUISERS, AIRCRAFT CARRIERS AND
BATTLESHIPS.

AIRCRAFT CARRIERS AND BATTLESHIPS CAN OPERATE FOR
EXTENDED PERIODS WITHOUT RE-SUPPLY AND CAN PROVIDE
LINITED RE-SUPPLY SUPPORT TO SMALLER SHIPS IN THEIR
COMPANY. AIRCRAFT CARRIERS AND BATTLESHIPS ALMOST
NEVER TRAVEL ALONE BUT ARE ACCONPANIED BY DESTROYER
AND/OR FRIGATE ESCORT SHIPS.
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NOMENCLATURE

SHIPS, VESSELS AND BOATS

IT IS COMMON USAGE TO REFER TO SHIPS AS "VESSELS",
BUT,

THE U.S. NAVY HAS TAKEN EXCEPTION TO THIS PRACTICE
AND DISCOURAGES THE USE OF THE PHRASE "NAVAL

VESSELS", THUS THERE ARE NAVAL SHIPS AND MERCHANT
VESSELS.

THERE IS NOT A CLEAR DISTINCTION BETWEEN "BOATS" AND
“SHIPS", EXCEPT THAT, IN GENERAL, A BOAT MAY BE
CARRIED ON A SHIP. THERE ARE A NUMBER OF EXCEPTIONS,
E.G. SUBMARINES.
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NOMENCLATURE

MIDSHIPS SYMBOL

THE MIDSHIPS SYMBOL APPEARS ON SHIP DRAWINGS TO MARK
AMIDSHIPS, HALFWAY BETWEEN THE FORE PERPENDICULAR AND
AFT PERPENDICULAR.
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NOMENCLATURE

SHIP DIMENSIONS - BEAM, DEPTH, DRAFT

BEAN - THE MAXINUM BREADTH OF THE SHIP.

DEPTH - THE DISTANCE FROM THE BASELINE OF THE SHIP
TO THE FREEBOARD DECK AT THE SIDE.

DRAFT - THE DEPTH OF THE SHIP BELOW THE WATERLINE

TO THE BASELINE, OR TO PARTS OF THE SHIP
EXTENDING BELOW THE BASELINE.

NOTE: MORE PRECISE DEFINITIONS WILL BE GIVEN IN
UNIT 7.
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NOMENCLATURE

DRAFT NARKS

DRAFT MARKS ARE FOUND AT THE BOW AND STERN OF
MERCHANT VESSELS, AS NEAR AS PRACTICAL TO THE FORE
PERPENDICULAR AND THE AFT PERPENDICULAR. THE BOTTONX

OF THE MARK INDICATES THE DRAFT IN FEET TO THE BOTTOM
OF THE KEEL (KEEL DRAFT).

NAVY SHIPS HAVE DRAFT MARKS FORWARD, AFT, AND
ANIDSHIPS. ,
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BASIC NAVAL ARCHITECTURE

Unit Number: 5

Title: Nomenclature - 2
Tape Running Time: 38" 3gS

Reading Assignment: None

Additional References: The Bluejackets' Manual (BJM), B. Beardon and B.
Wedertz, Ed., U.S. Naval Institute, 1978, pp 199-219

Seamanship, Fundamentals for the Deck Officer (SFDO),
R.0. Dodge and S.t. Kyriss, Naval Institute Press,
1981, pp 125-132, 140-150, 170-177, 182-191, 258-263,
266-271, 360-362, 425-439

SDC, pp 373-418, 717-728

Scope:

Key Points to Emphasize:

1. Review graphics on video tape as necessary to provide clarity.
2. Glossaries in SFDO and SDC are helpful.
3. Add additional items as desired.

Suggested Problem Assignment: None
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NOMENCLATURE

PARTS OF A SHIP

KEY WORDS:

FORECASTLE, POOP, BULWARK, WEATHER DECK,
FREEING PORTS, SCUPPERS, JACKSTAFF,
FLAGSTAFF, GAFF
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NOMENCLATURE

DECKS AND BULKHEADS

UPPER DECK SIGNAL BRIDGE -
SUPERSTRUCTURE DECKS

@L—mmnm«; SRIDGE
MAIN DE X
Y 1| FORECASTU DECX
FANTAL 5G40 broyT —

!w PLATEORM DECK:

v

D § ) {

)
B | 1* e —X_ |

K ; } ]A i
AFTER PEAK TANK ENGINE ROOM FAT | INNER BOTTOM ‘ MAL | DECX
FRE ROOM FLAT  BOTTOM TANK FORWARE PEAK TANK

STERN

KEY WORDS: MAIN DECK, FORECASTLE DECK, POOP DECK,

PLATFORM DECKS, FLATS, COLLISION
BULKHEAD, FOREPEAK TANK, AFTER PEAK TANK
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) NOMENCLATURE

DECKS

THE UPPERMOST COMPLETE DECK RUNNING THE FULL LENGTH
OF THE SHIP IS THE MAIN DECK.

THE NEXT COMPLETE DECK BELOW THE MAIN DECK IS THE
SECOND DECK, AND SO FORTH.

A DECK WHICH DOES NOT RUN THE FULL LENGTH OF THE SHIP
IS A PARTIAL DECK. PARTIAL DECKS BELOW THE MAIN DECK
ARE CALLED PLATFORMS. THE UPPERMOST PLATFORM IS THE
FIRST PLATFORM, ETC. PARTIAL DECKS ABOVE THE MAIN
DECK INCLUDE THE FORECASTLE DECK (FORECASTLE IS

PRONOUNCED "FOK-SLE"), THE POOP DECK AND UPPER DECKS
OR SUPERSTRUCTURE DECKS.

A BROAD, OPEN DECK AREA AT THE STERN OF THE SHIP IS
THE FANTAIL.




NOMENCLATURE

DOORS, HATCHES, SCUTTLES AND MANHOLES

« DOORS ARE CLOSURES IN BULKHEADS
- WATERTIGHT (WT) DOORS
- WEATHERTIGHT DOORS
- NONTIGHT DOORS
- JOINER DOORS
« HATCHES ARE CLCSURES IN DECKS
- ACCESS HATCHES
- CARGO HATCHES
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NOMENCLATURE

MANHOLES

PLAN

PLAN

TYPE A
151N 523 IN FLUSH WT AND OT MANKHOLE

SECTION B-B

SECTION A-A
TYPE B
4 123N RAISED WY AND OT MANMOLE

[ 4 Y ]
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NOMENCLATURE

MORE PARTS OF A SHIP (CON'T)

PORT, PORTHOLE, PORTLIGHT, AIR PORT: A HINGED GLASS
WINDOW, GENERALLY CIRCULAR, IN THE SHIP'S SIDE OR
DECK HOUSE FOR LIGHT AND VENTILATION.

DEADLIGHT, FIXED LIGHT: A PORT WHICH DOES NOT OPEN.

DEADWOOD: ORIGINALLY, THE SOLID WOOD STRUCTURE AT
THE STERN OF THE SHIP JUST ABOVE THE KEEL USED TO
SUPPORT THE RUDDER POST. TODAY, THE SLENDER PORTION
OF SINGLE SCREW SHIP JUST FORWARD OF THE STERN FRANE
AND ABOVE THE KEEL.

SKEG: A DEEP VERTICAL FINLIKE PROJECTION ON THE
BOTTOM OF A SHIP NEAR THE STERN. A SKEG IS TREATED

AS AN APPENDAGE TO THE SHIP, WHEREAS THE DEADWOOD IS
FAIRED INTO THE HULL.
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NOMENCLATURE

VERTICAL SHAFT WINDLASS

M KEY WORDS: WINDLASS, WILDCAT, CAPSTAN
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NOMENCLATURE

'OREDECK ARRANGEMENT WITH VERTICAL SHAFT WINDLASSES
> _CAPSTANS

Figure6-12. Riding and housing chain stoppers are made up of a turnbuckle inserted
in a sho:1 section of chain, with a slip or pelican hook attached to one
end of the chain and a shackle at the other end.

523



NOMENCLATURE

MOORING FITTINGS

\ / —
p ,
CLEAT \

/JC O\ -

C
[ @
CLOGED CHOCK

AOLLEA CHOCK SOLLARD

KEY WORDS: BOLLARD, CHOCK, BITTS, CLEAT, PADEYE
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BASIC NAVAL ARCHITECTURE

Unit Number: 6

Title: Nomenclature - 3
Tape Running Time: 36M 303

Reading Assignment: None

Additional References: (same as Unit 5)

ScoEe:

(same as Unit 5)

Key Points to Emphasize:

l.

Modern trend is to use more expensive cargo gear to move cargo faster and
reduce port time. More true for expensive ships carrying more expensive
cargoes. fLless true for older ships carrying cargoes of opportunity to
smaller ports (tramps)). Constantly emphasize the role of economics in
making design and equipment decisions.

Structural nomenclature items will appear again in Unit 37.

Emphasize nomenclature items or usage that is particularly relevant to
sponsoring organization.

Correction to tape narration: stern casting will be cast steel, not cast
iron,

Suggested Problem Assignment: None
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NOMENCLATURE

ACCOMODATION LADDER AND JACOB'S LADDER

( \ E ACCOMMODATION LADDER
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NOMENCLATURE

CARGO HANDLING GEAR

~ Wi "
v Qi

}

! 4

N e
AR

X

RO
WHOP <
.

» " .‘L_V‘
X i U Rl
;" D
- DQ \ 4
A Wy ()
-~ soaRD\) YV .
< \ GUY NG -l
A YARD N
; | \
»

KEY WORDS: KINGPOST, HATCH BOOM, YARD BOON,
GUY, FAIRLEAD, TOPPING LIFT

3

WHIP,
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NOMENCLATURE

CARGO HANDLING GEAR

TOPPING LIFT S3LOCX

KEY WORDS:

CROSSTREE

TOPPING LIFT TOPPING LIFT

TOPPING
«  LIFT BLOCX

HATCH BOOM

HEAD BLOCK
OUTBOARD GUY 74

WINCH

WINCH
HATCH

TOPPING LIFT, HATCH WHIP, YARD WHIP,
CROSSTREE, GYPSY, GOOSENECK



STRUCTURAL TERMINOLOGY
SHELL PLATING:

STRAKES OF SHELL PLATING ARE DESIGNATED WITH LETTERS,
STARTING WITH "A" AS THE FIRST STRAKE OUTBOARD OF THE
FLAT PLATE KEEL. CERTAIN STRAKES HAVE SPECIAL NAMES

-- GARBOARD STRAKE, BILGE STRAKE, AND SHEER STRAKE.

ORDINARY FRAME
WEB FRAME

LAT PLATE KEEL
GARBOARD STRAKE

BILGE STRAKE

0/
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NOMENCLATURE

STRUCTURAL TERMINOLOGY

LONGITUDINALS ARE THE LONGITUDINAL STIFFNERS USED IN
THE LONGITUDINAL FRAMING SYSTEM TO SUPPORT DECKS,
FLATS, INNER BOTTOM, BOTTOM AND SIDE SHELL.

STRINGERS ARE LCONGITUDINAL MEMBERS USED TO SUPPORT
THE SIDE SHELL FRAMES AND PLATING. THE TERM IS
USUALLY USED IN CONNECTION WITH TRANSVERSE SIDE
FRAMING.

THE STRINGER PLATE IS THE OUTBOARD STRAKE OF PLATING
ON ANY DECK. -

THE MARGIN PLATE IS THE OUTBOARD STRAKE OF PLATING IN
THE INNER BOTTONM.
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NOMENCLATURE

STRUCTURAL TERMINOLOGY

GIRDERS ARE MAIN LONGITUDINAL MEMBERS WHICH SUPPORT
DECK BEAMS, DECK STRUCTURE AND BOTTOM.

HATCH-SIDE GIRDERS FORM THE LONGITUDINAL BOUNDARIES
OF HATCHES.

SIDE GIRDERS RUN LONGITUDINALLY IN THE INNER BOTTOM.

THE CENTER VERTICAL XEEL (CVK) IS ALSO KNOWN AS THE
CENTER GIRDER, THE BCTTOM FLANGE OF THE CVK IS OFTEN
HEAVIER THAN ADJACENT BOTTOM PLATING AND IS CALLED

'THE FLAT PLAT KEEL (FPK)

BEAMS ARE TRANSVERSE STRUCTURAL MEMBERS WHICH SUPPORT
AND STIFFEN DECK PLATING
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SOLID FLOORS ARE MADE UP OF VERTICAL PLATES (WHICH

ARE ONLY "SOLID" IF THE FLOOR IS A WT OR AN OT
BOUNDARY) .

L CENTER < IDE
GIRDER GIRDER

MARGIN PLATE

L, L e e
[oTolore el
B | $ 0 P I )

(B) SOLID FLOOR
HORIZONTAL MARGIN

OPEN FLOORS UTILIZE STRUTS FOR VERTICAL MEMBERS'

REVERSE TRANSVERSE FRAME

' SIDE

lancxsr STRUT GIRDER  STRUT BRACKEY MARGIN PLATE
r
3+ ] 3 A — .=~ TANK TOP
" H q
: f:/. O
I U =
— e . ===="% BASE LINE
. $ $
(A) '?EE:IFDEDOW“ BOTTOM TRANSVERSE FRAME
MARGIN
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