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PREFACE TO FIRST EDITION. 3
= SRR

A special Pocket-book of Memoranda, Tables, &c., has long been
a desideratum with Marine Engineers. In the existing pocket-
books, Marine Engineering matters are only dealt with generally,
and such information as is given is in some cases very restricted,
in others obsolete, and in all too scattered to be useful. We,
ourselves, have experienced this want, and have heard on all
hands the desire expressed for a Pocket-book in which Marine
Engineering questions are dealt with thoroughly, are easy to find,
and not “mixed up” with general information in such a way as
to render the seeking of them difficult and tedious,

We therefore trust that in presenting this book to the public
we have not only fulfilled the task we set ourselves, but have
supplied this long-felt want in a manner that will prove satis-
factory to all engaged in Marine Engineering affairs. While we

ave been careful to make the book of speeial value to Marine

ngineers, we have omitted nothing, so far as we know, that
would be of use and importance to others having to do with Ships
and their machinery; at the same time, we %mve avoided the
introduction of extraneous matter of only general interest, whick
would make the volume so bulky, and the arrangement of it so
complex, as to very materially detract from its usefulness. Hence,
we have, while not altogether neglecting past experience, but
omitting information now almost only historic, devoted our
attention generally to the most modern and approved practice.

We have dealt with steel as the material in general use, and
not, as heretofore, an exceptional thing to be found only in high-
class structures ; the Tables of Weights, &c., are, therefore, given
fully for this material.

Inasmuch as the practice in a considerable part of the Mer-
cantile Marine is now more nearly approaching that followed in
Naval ships, as to speed and economy of weight, than was
formerly the case, the information and formule pertaining to
light fast-running machinery have been elaborated and based on
the most recent practice of the leading firms of Manufacturing
Engineers.

In conclusion, we trust that the book may be received favour-
ably, and found of use by practical men, and that any short-
comings may be overlooked on the score that it is the production
of the spare moments of busy men, rather than of those having
ample leisure.

A E S.
H. M. R.
October 1893,

‘






PREFACE TO THE FIFTEENTH EDITION.

V-
vy

THis is the Fifteenth Edition of the Pocket-book which was
projected just thirty years ago, so that on the average a new
edition has been published at intervals of two years. Each of
these editions, by amendments and additions, has been brought
thereby up to date, so as to accord with the best practice of the
day as quickly as possible. This process is always a somewhat
troublesome task for the Author and a more or less costly one for
the Publishers ; it would have been at one time much easier for
both to merely reprint some more copies as the others were sold out.
It has been, however, a satisfaction and reward to both Publisher
and Author to find their enterprise and efforts rewarded by such
a continued demand as to necessitate so many editious.

This new edition, however, has required a more drastic and
extensive treatment than usual, inasmuch as so many of the old
rules of the Board of Trade, of Lloyd’s Register, of the British
Corporation, and of the Bureau Veritas have been superseded
by the new unified rules based on the recommendations of the
British Marine Engineering Design and Construction Committee,
and now adopted by these four authorities. This change has
also necessitated a recasting of the tables and schedules based on
these new arrangements.

The rules formerly in force in Government shipping circles
in Germany have been expunged from this edition, as apparently
they are no longer in general use there. Moreover, there is
reason to anticipate that the recommendations of the British
Marine Engineering Design and Construction Committee will be
taken as the basis for those to be formulated there shortly.

The rules and regulations laid down for the guidance of the
responsible marine surveyors in the United States of America are
now given in a somewhat condensed form in the Appendix.

They differ considerably from those obtaining in this country
by giving more permissive terms, and leaving much to the
judgment of the designer and manufacturer. In passing it may
be perhaps not out of place to note that much is likewise therebY
added to their responsibilities.

vii b



viii PREFACE.

Additions to the text in various parts have been made as a
consequence of the extended experience with modern boilers, as
also with machinery of every kind. It may be noted that while
geared turbines and internal combustion engines of various
sorts and designs are very much to the front now and continue
in considerable demand, the triple and quadruple compound
reciprocators continne, notwithstanding, to be held in high
esteem by those who are of opinion that rate of consumption of
fuel is not the only criterion of value. For the ordinary tramp
cargo ship these steam engines are considered to be the most
appropriate, as with them any fuel that will raise steam can be
used, and besides their auxiliary machinery is such as to require
small space and not much attention when at work. For the

assenger ship oil fuel is, of course, the best in every way, and
or steam raising it may be of a quality and cost very different
from what the internal combustion engine requires for continued
good working.

The saving in space occupied by the machinery, and the reduc-
tion in the engineers’ crew make the internal combustion engine
8o attractive a proposition that most builders of marine machiner
have now placed themselves in a position to supply them. It 1s
to be regretted, however, that they mostly seem unable or unwill-
ing to do so without making use of the patents and designs of
foreign inventors. It is to be hoped, therefore, that those who
have been content to develop those of British origin will meet
with the success that their enterprise deserves,

The opposed piston oil engines and the double-acting oil engines
are now being experimented with, and it will be interesting
to follow their course, as it has been in the past to follow that
of the various types of steam engine from the time when the
S.S. Comet made a start over a hundred years ago. ALS

January 1922




GENERAL TABLE OF CONTENTS.

o
e

Prime Movers on Shipboard.—Steam-driven Reciproca-
tors, Internal Combustion Reciprocators: Turbines:
Combinations : Geared Turbines: Multiple Screws, .

Engine Power Measurements.—Nominal Horse-power,
various Rules for: Estimated Horse-power: Normal
LH.P.: Standard sizes of Cylinders of N.E. Coast
Makers : Board of Trade and Lloyd’s Rules for N.H.P. :
Indicated Horse-power, Sha{t Horse-power, Nett Horse-
power, Thrust Horse-power, &c.: Mean Pressure in
Cylinder and Effective Pressure on Piston as shown by
Indicators: Torsion Meters and Application of for
Shaft Horse-power, . . . . .

Efficiency of Marine Machinery.—Boiler, Steam, and
Thermal Efficiencies: Mechanical and General Efficiency :
Propulsive Efficiency : Froude’s Curves: Friction: Ex-
periments on Friction by various Scientists: Maximum
output of Energy from a pound of Steam: Effect of
Jacketing on Efficiency, . . . . .

Propulsion of Ships and Resistance.—General Resistance,
Residua! Resistance: Admiralty Formule, derivation of
them : Sir William White’s Observations on Speed and
Power : Cruiser and Destroyer Tests at varying Speeds:
Results of Steamship Trials at ordinary and at very
high Speeds by Reciprocators and Turbines: Kirk’s
Method of Analysis of Form: Table of Appropriate
Angles of Entrance: Wetted Skin, Mumford’s, Kirk’s,
and Seaton’s Rules for : Seaton’s Rules for Co-efficients of
Form and Speed Factors: Curves of Power, &c. : Model
Experiments : Co-efficients of Fineness: Friction of Im-
mersed Surfaces: John’s Co-efficients for computin
Horse-power : True Mean Speed: Relation of Speeds an
Powers: Tables of Times and Speeds: Table of Two-
thirds Powers of Numbers from 100 to 56,000, . .

Compound Engines.—Multiple and Simple: Advantages
of Triple over Simple Compound in Loads and Consump-
tion of Steam: Cylinder Ratios in various Compound
Engines: Mercantile and Normal Cylinder arrangements,

©ix

PAGES

1-2

8-17

17-27

27-56

56-65



X CONTENTS.

PAGES
Steam Expanding and doing Work.—Mean Pressure,
equivalent in Compound Engines : Mean Pressure, Rules
for : Steam Expansion, Isothermic and Adiabatic: Maxi-
mum Work : Table of Steam used Expansively : Effect of
Clearance, Compression : Tables of Mean Pressure, taking
account of Clearance ; Mean Pressure expanded Adiabatic-
ally: Ratio of Mean Presaure in Practice to the Theoretical :
Trials of Marine Engines, showing Mean Pressures, 65-76
Piston Speeds and Revolutions of Engines.—As in Prac-
tice in the Navy and Mercantile Marine with various
kinds of Engines: Rules for rate of Revolutions, Stroke
of Piston, &c., . . 76-78
Cylinders.— Diameter of: Sizes of Ports, "&o.: Flow of
Steam: Ratios of Pipes and Pa.ssages Strengths of ;
Thickness of Barrels and Liners, Steel and Cast Iron:
Cylinder Ends and Covers: Cyhnder Valve Boxes, %c.:
Safety and Escape Valves: Drain Cocks : Starting and
Auxiliary Valves: Column Feet and Bolts : Horizontal
Engines: Oscillating Cylinders: Clearance of Pistons:
Stuffing-boxes and Glands: Studs and Bolts, . 78-105
Pistons. —Cast Iron and Cast Steel : Proportlons and Scant-
hn : Forged Steel : Fittings and Details: Junk Rings
Packlngs . 106-118
szton Rods.—Loads and Stresses: Proportlons Naval and
Mercantile Practice: Fitting to Pistons: Guides and
Guide Blocks: Fittings, &c., 118-11¢
Connecting-Rods.—Loadsand Stresses: Proportlons Gud-
geons: Brasses: Caps and Bolts: Scantlmgs of Bearings
and Brasses, 116-122
Shafting. —Loads and Stresses: Bending and Twmtmg
Moments : Torsional Stiffness : Solid and Hollow Shafts :
Shafts of Screw Engines and Paddle Engines: Crank-
shafts : Equivalent Twisting Moments: Curves of Inertia
Forces, Effect of on Shafts: Crank-pins and Main
Bearings, Surfaces: Multiple Cranks, Effect of : Crank-
arms: Shaft-coupling Bolts: Built-up Crankshafts:
Crankshafts of Paddle Engines : Keys on Shafts: Board
of Trade Rules for Shafts: Lloyd’s Rules, 122-139
Thrust Shafts and Blocks. —Loadsand Stresses : Indicated
Thrust : Effective Horse-power producing Thrust: Pres-
sure on Collars: Scantlings: Types of Blocks, . 139-142
Stern-Tubes.—How Made and Fitted: Proportlons and
Scantlings : Stern-bushes: Length of Bearing: Stuffing-
box, &e., . 142-145
Main Bea.rmgs of Crankshafts.—Arrangements of : Caps
and Bolts: Loads and Stresses: Brasses, Types and
Fitting: Materials: Engine Frames, Deslgn, &o.: Columns,
Loads and Stresses, . . . 145-149



CONTENTS. xi

PAGES
Condensers. —Capacity of Jet Condensers : Injection Water :

Low-pressure Steam, Properties of : Surface Condensers :
Effect of Vacuum on Consumption : Forms and Arrange-
ments, Weir's, Morison’s: Cooling Surface: Tempera-
ture of Sea-water in various of the World : Cooling
Water, Quantity and Application: Condenser Tubes,
Sizes and Fitting of: Tube-plates : Number Tubes per
uare foot ; Details and Fittings, . . . 149-158
Air Pumps.— of: Method of Working: Size of:
Weir’s Dual Pumps: Vacuum Augmenters : Rods, Bolts,
&c. : Loads and Stresses : Pump Barrels, &c. : Scantlings
of : Valves, &c. : Speed of Buckets: Suction and Dis-
char%Pipes: Air Escapes, . . . . 158-168
Cooling Water Pumps.—Types of : Methods of Working:
Capacity : Reciprocating Pumps, Details of: Valves,
Rods, Pipes, &c. : Centrifugal Pumps : Sizes of Cylinders,
] Impellers, Pipes &ec., . . . . . 163-168
Feed and other Pumps —Gross and Nett Feed-water:
Capacity of Pumps: Valves, Rods, &c.: Suction and
Delivery Pipes: Feed Tanks: Reserve Tanks: Feed
Heaters : Board of Trade Rules : Lloyd’s Rules for Feed
Pumps, . . . . . . . 168-172
Bilge Pumps, Pipes, and Fittings.—Cl?aoit of : Boxes,
iners, &c. : Directing Boxes : Board of e Regula-
tions: Lloyd’s Rules, . o . . .
Pump Levers and Gear.—Arrangements: Sizes: Loads
and Stresses: Links, Pins, and Crossheads, Surfaces and
Sizes of : Details and Fittings, . . . . 175-177
Slide Valves for Steam Distribution, &c.—Travel : Single
and Double Ports: Surface for Rubbing : Relief Rings:
Port Openings and Leads: Valve Proportions: Trck
Valves: Piston Path Diagram : Zeuner's Diagram for
Common Valve Motion: Diagram showing Effect of
‘ Notohing up ” (a) ‘ Open ” Rods, (b) ¢‘ Crossed ” Rods:
Obliquity of Eccentric Rods: Diagram of Oscillating
Cylinder Valve Motion, . . . . . 177-186
Valve Gears.—Loads and Stresses: Valve Rods, Rules for:
Guides: Links of various Kinds, and their Scantlings:
Position of Suspension Pins: Proportions of Double-%:.r
Links: Eccentrics, Construction and Scantlings: Straps
and Rods: Joy's Valve Gear, Diagram of, . . 186-198
Reversing Gears for Valve Motions.—Types compared :
Direct and All-round Gears: Weigh Shafts, sizes of:
Steam Cylinders for: Worm Wheels of All-round Gears: 198-200
Steam Turning Gears.—Speed of: Steam Cylinders for:
Worms and Wheels: Construction and Scantlings, . 200-202
Screw Propellers.—Numbers of Screws : Numbers of Blades
to each : Shape of Blades: Section of Blados: Materials

172-176



xii

Paddle-Wheel Propellers. —Common Radial: Effective

Sea Valves for Water Supply, &c.—Naval and Meroantile:

CONTENTS.

of Screws: Dimensions of Screws: Diameter: Pitch
Ratio: Surface of Blade: Ratio of : Thrust: Slip, Real
and Apparent: Rules for Diameter Pitch, Surface, &c. :
Acting Surface: Scantlings: Materials: Attachment of
Blades: Weight: Bosses, Studs, &ec.: Particulars of
various kinds of Screws, . . .
Diameter: Thrust: Ares of Floats: Slip, Apparent and
Real: Number of Floats: Scantlings of Floats: Design
of Wheel: Wheel Frames, Scantlings of : Shaft Bearings
and Feathering Gear, . .

Fittings and Materials, . .

Steam Turbines.—Types used for Propnlsio.n of Ships : Re-

versing: Efficiency: Arrangements: Simple: Com-
und, Division over two or more Shafts: Geared:
draulicTransmission : Electric Transmission : Methods
followed in Naval and Mercantile Ships : Combination
with Reciprocators, R.M.S. Olympie, 8.S. Otaki:
Geared Turbines in §S.8S. Vespasian, 8.8, Nor-
manta: Comparison of two Twin-Screw Reciprocatin
Engine Ships with 8.8. Sarnia, ordinary Turbine, an
8.8. Normania, Geared Turbine driven : Proportions of
Screw Propellers for Turbine-driven Ships : Pressures on
Journal of Turbine Shafts: Diameter of Shafting, Board
of Trade and Bureau Veritas Rules for: Rotor Drums:
Rate of Revolution: Blades of Turbines: Area through
Blades : Diameter of Rotors: Exhaust Passages: Leak-
ages: Water Tests, Admiralty, Board of Trade, &ec.:
Vgeight of Installations: Steam Consumption, Power de-
veloped, how measured: Torsion Meters: Shaft Horse-
power : Consumption of S.8. Lusilania at various Speeds,
also of 8.8. Otaki, H.M.S. Amethyst : Trials of Sarnia,
Normania, H.M. Cruisers ‘‘City” Class, 8.8. Reina
Victoria Eugenia: Catrncross and Cairngowan com-
red, . .

Internal Combustion Eng:ines. —Various kinds: Ga.s;

Petrol, Paraffin, and Heavy Oils : Oil Fuels used in such
Engines: Values: OQil Engines Classified: Diesel and
Semi-Diesel Engines: Two- and Four-stroke Cycles:
Double-acting Oil Engine: Number of Cylinders: Re-
versing of Propeller: General Design: Cylinders:
Pistons : Guides: Size of Shafting: Lloyd’s and Bureau
Veritas Rules for Shafts: Auxiliaries necessary for Oil
Engines : Fuel Consumption of Diesels: Consumption at
various Powers : Trials of various Oil Fuels: Efficiency,
Mechanical, Thermal, and General : Mean Pressure: Rate
of Revolution : Burmecister & Wain’s Practice : Augsburg-

PAGES

200-214

214-222
222

222-238



OONTENTS. Xii1

PAGES
Niirnberg Co.’s Practice : Sulzer’s Practice: British

Practice: Weights of Oil Engines, Space occupied
by: Advantages of Diesel’s: Indicate Horse-power
Formulese : Cylinder, Thickness of: Trials of Diesel
Engine at Full and Slow Speed : Trials of S.8. Eavestone,
Selandia, &c., &c., 238-252
Motor Boats, &c., usmg' Petrol.—Board of Trade Rules
for: Lloyd’s Rules for Petrol and other Oils on 8hip-
board, . . . 252-258
Superheated Steam. —Modern Practice: Economy Maxi-
raum safe Temperature: Specific Heat of Superheated
Steam : Total Heat of: Transmission of Superheated
Steam : Maximum Work of: Heating Surface required
for Superheating,
Skin Fitting and %Ialves _Blow-off Valves: Method At-
tachment to Skin, Naval and Mercantile : Discharge
Valves: Board of Trade Regulations : Lloyd’s Rules:

. 258-262

Details and Fittin . 262-266
Results of Trials of g'm es.—Three-crank Tnples Four-

crank Triples : Four-crank Quadruples, . . . 266-268
Wire Gauges. —Various and their Equivalents, . . 270-271
Copper Pipes.—Suitable to various ondltlons, . . 272-273

Wrought-Iron Pipes.—Suitable to various Conditions, . 274
Copper Pipe Flanges and Fittings. —Scantlings and Pro-
portions, . . 276-276
Bronze and Cast-Steel Plp&c —Theoretical and Pra.ctwa.l 277
Pipes in General. —Board of Trade Rules: Lloyd’s Rules:
Expansion by Temperature : Safety Devices : Steel Steam
Pipes: Thickness of Steel Pipes in Practice: Solid-
drawn Feed and Steam Pipes: Welded Pipes: Exhaust
: Bending of Solid-drawn Pipes: Flanges: Admir-
alty Tests of Solid-drawn Steel Pipes, also of Welded

Pipes, 278-286
Stop and Regulatmg' Valves. —Construction : Details and
Fittings, . 286-287

Balancing Engines. —Vanous Forces: Methods of Static
Balance: Dynamite Balancing: Inertia Forces: Yarrow
Schlick - Tweedy System of Balancmg four Crank
Engines, . . . 287-295

Geometry of Balancmg Engm . 295-298

Boilers, —Fuels, various Solid and quuld their Characteristics
and Values: British Thermal Unit: Mechanical Equiva-
lent of Heat : Specific Heat: Total Heat of Combustion :

Air required for Combustion: Composition of Fuels,
Liquid and Solid: Oil Fuels used in U.S.A. Navy:
Viscosity of Oil Fuels: Lloyd’s Rules for Stowing and
Using Oil Fuels: Admiralty Conditions of Contract for
Oil Fuels: Rates of Combustion in Practice, . . 298-309



X1V CONTENTS,

PAGES
Boilers and their Fittings. —Efficiency of Grates : Chimney
Draught: Flow in Funnels: ‘‘Head” uired for
Draught : Fuel Consumed : 8ize and Height of Funnels:
Table of Funnel Capacities: Scantlings of Funnels and
Riveting : Forced Draught: Naval: lg{sowden’s System :
Results of Forced Draught: Air Pressure in Boiler
Rooms : Rates of Combustion and Evaporation, Practical
Examples of: Express Boilers: Water Consumption of
H.M.8. Diana, R.M.8. Lusitania, and various other
Ships: Domestic Uses, &o., . . . . 309-321
Boilers. —Various TyFes and Designs of : Tank and Water-
Tube Boilers: Cylindrical, various Sorts : Gunboat, Loco-
motive, Double-ended” Water-Tube Boilers, (a) Large
Tube, (b) Small Tube: Yarrow, Babcock, Niclausse,
Hohenstein, Miyabara, Mumford, White-Forster, Thorny-
croft, &c., &c.: Total Heating Surface and Weight of
Boilers, . . . . . . . 321-325
Boilers.—Efficiency of various Types: Examples of, . . 326
Boilers. —Evaporation, Heating Surface, &c. : Efficiency of:
Materials of Construction: Condition of Heating Sur-
faces: Circulation of Water : Tubes, sizes of : Water per
pound of Fuel: Equivalent Evaporation from and at
212° F. : Examples of various TanEoBoilers, . . 827-332
Boilers, Proportions of.—Furnaces, Size and Number of :
Total Heating Surface Required for Various Services:
Examples of Latest Practice: Water Consumption for
Several Departments on Various Services: Auxiliary
Machinery and Domestic Demands: Steam Room Allow-
ance : Water Spaces: Pitch of Tubes: Multipliers to find
Equivalent Evaporation: Weights of Various Installa-
tions : Various Designs Compared for Weight, . . 332-339
Boilers of Steel, Construction of.——Admiralty Tests of
Steel : Board of Trade Tests and Conditions for Steel
Materials, Plates, Forgings, Angle and Plain Bars, Rivets,
Forgings, Castings, Tubes, Solid and Lap-welded, &eo.:
Board of Trade Conditions for Construction: Cylin-
drical Shells: Riveting of Various Kinda: Differing
Thickness for Varying Tensile Strengths: New Board of
Trade and Lloyd’s Rules for Shells, and Quality of Steel :
Tests for Boiler Material required by Lloyd’s: Working
Pressures: Riveting: Flat Surfaces and Stays, Board of
Trade Rules for, with Tables: Dished Receiver Ends,
&c. : Flat Surfaces and Stays, Lloyd’s Rules for: Plates
in Compression, Board of Trade and other Rules for:
Girders and Stays: Stays and Tubes, Admiralty, Board
of Tradeg and other Rules for : Tables of Surfaces:
Furnaces of all Kinds, Board of Trade and other Rules
for : Teating by Water, . . . . . 840-376




OONTENTS. > 4 4

PAGES
Evaporators.—Board of Trade Rules and Regulations, . 876
Boilers, Construction.—Lloyd’s General Rules for, . . 379
Boilers, Construction.—Board of Trade Rules for Shell
Joints : Examples of Various Kinds of Riveting, . . 380-389
Boiler Work.—Supervision of, as required by British
Admiralty, and the Procedure in Manufacture: Treat-
ment of Mild Steel by Heat: Pickling Processes, . 389-392
Boiler Mountings and Fittings. —Stop Valves: Steam
assed through pipes of various sizes: Safety Valves,
ﬁules of Board of Trade and B.M.E.D. & C. Committee,
&c. &c.: Spiral Springs, Rules for: Feed Valves and
Pipes: Blow-off and Scum Valves: Water Gauges:
Weight of Water at Varying Temperatures: Circulating
Apparatus: Board of Trade Regulations for Mountings,
&c. : Lloyd’s Rules for same, . . . .
Furnace Fittings. —Doors, Sizeand Construction: Fire-bars:
Bridges, . . . . . . . 408-409
Ladders and Platforms.—Proportions and Scantlin(fs, . 41¢
Engine and Boiler Seatings.—Arrangement and Scant-
lings, Screw Engines, Paddle Engines and Thrust Blocks :
Holding-down Bolts: Stays: Boiler S8eatings: Methods
of Securing Boilers: Lloyd’s Rules for Seatings, Bearers,
Beams, Bulkheads, Shaft Tunnels, . . . 411-414
Lloyd’s Rules.—For Valves in Bulkheads, Openings in
Decks, Coamings to Hatchways: Deck Casings, . . 414-417
Steam Trawlers,—Lloyd’s Rules for Engine and Boiler
Rooms, . . . . . . . 416
Pumps for Bilges, &c.—Lloyd’s Rules for Sluice Valves,
ounding Pipes, Suction Pipes, Bilge Injection, &c., . 417-419
Surveys of Machinery.—Lloyd’s Regulations for, . . 419-421
Spare Gear,—Lloyd’s Requirements, . . . 421-422
Board of Trade General Rules and Regulations for
Machinery Department.—Auxiliary Engine Suctions :
Bilge Injections: Spare Tiller: Rudder Chains, &o. :
Steering Engine Pipes: Steam Steering Engine Gearini:
Fire-hoses and Fittings: Stand-pipes and Cocks : Chock-
ing Boilers, . . . . . . 422-426
Spare Gear desired by Board of Trade.—Main Engines:
for Distillers : Survey of Distillers, . . . 426-428
Chains and Ropes.— Admiralty Tests: Lloyd’s Tests:
Weight of Breaking Strengths: Special Flexible Wire
Ropes: Hemp Ropes: Bullivant’s Special Products:
Admiralty Tarred Cordage, . . . . 429-436
Strength of Materials.—Cast Iron of various kinds: Iron
Mixtures: Admiralty Requirements of Cast Iron:
Wrought Iron of various Kinds and Qualities : Cast Steel :
Admiralty and Lloyd’s Tests for Steel Castings: Board
of Trade Tests for Steel and Malleable Cast lron : Steel

392-408




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































