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APPENDIX A

MAXIMUM AND AVERAGE ICE CONDITIONS BY MONTH

A.] Alaska

A.2 Canada
A.3 Antarctic
A.4 Great Lakes
A.5 Gulf of St. Lawrence
A.6 Baltic Sea
A.7 WHO Sea-Ice Nomenclature

Abbreviations used in this Appendix are as follows:

FY = first-year ice

MY - multi-year ice

IB aiceberg, bergy bits, growlers, and any other fragments

IS - ice island or fragment therefrom

81 - broken ice

XX - level ice thickness. The corresponding pressure ridge
depth (water surface to keel depth) contained within
level ice floes is ten times the level ice thickness.
The depth of consolidation within the first-year pressure
ridge is assumed 25% of the depth; for multi-year ice
50% of the depth is assumed to be consolidated.
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APPENDIX A.2.

CANADA -MAXIMUM AND AVERAGE ICE CONDITIONS BY MONTH
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APPENDIX A.4

GREAT LAKES -MAXIMUM AND AVERAGE ICE CONDITIONS BY MONJTH
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APPE.NDIX A.5

GULF OF ST. LAWRENCE -MAXIMUM AND AVERAGE ICE CONDITIONS BY MONTH
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APPENDIX A.6

BALTIC SEA -MAXIMUM AND AVERAGE ICE CONDITIONS BY MOUTH
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APPENDIX A.7

WORLD METEOROLOGICAL ORGANIZATION SEA ICE NOMENCLATURE
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ICE TERMS ARRANGED IN ALPHABETICAL ORDER

:dge: Ridge which has undergone considerable weathering. These ridges
est descri-bed as undulations.

ice: Submerged ice attached or anchored to the bottom, irrespective of
iature of its formation.

:e: Ice without snow cover.

A large feature of pack ice arrangement; longer than it is wide; from
to more than 100 km in width.

it: A large piece of floating glacier ice, generally showing less than
ibove sea-level but more than 1 m and normally about 100-300 sq. m in area.

Situation of a vessel surrounded by ice and unable to move.

oe: (see Floe).

An extensive crescent-shaped indentation in the ice edge, formed by
'r wind or current.

ce: Accumulations of floating ice made up of fragments not more than
icross, the wreckage of other forms of ice.

: From the point of view of the submariner, a downward projection from
inderside of the ice canopy; the counterpart of a humock.

1: The breaking away of a mass of ice from an ice wall, ice front, or
r.

iack ice: Pack ice in which the concentration is 7/10 to 8/10 (6/8 to
than 7/8, composed of floes mostly in contact.

ed ice edge: Close, clear-cut ice edge compacted by wind or current;
ly on the windward side of an area of pack ice.

ing: Pieces of floating ice are said to be compacting when they are
cted to a converging motion, which increases ice concentration and/or
ces stresses which may result in ice deformation.

pack ice: Pack ice in which the concentration is 10/10 (8/8) and no
4c visible.

ration: The ratio in tenths of the sea surface actually covered by ice
e total area of sea surface, both ice-covered and ice-free, at a
fic location or over a defined area.

ration boundary: A line approximating the transition between two areas
ck ice with distinctly different concentrations.
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Consolidated pack ice: Pack ice in which the concentration is 10/10 (8/8) and

the floes are frozen together.

Consolidated ridge. A ridge in which the base has frozen together.

Crack: Any fracture which has not parted.

Dark nilas: Nilas which is under 5 cm in thickness and is very dark in color.

Deformed ice: A general term for ice which has been squeezed together and
in places forced upwards (and downwards). Subdivisions are rafted ice, ridged
ice, and hummocked ice.

Difficult area: A general qualitative expression to indicate, in a relative
manner, that the severity of ice conditions prevailing in an area is such
that navigation in it is difficult.

Diffuse ice edge: Poorly defined ice edge limiting an area of dispersed ice;
usually on the leeward side of an area of pack ice.

Diverging: Ice fields or floes in an area are subjected to diverging or dis-
persive motion, thus reducing ice concentration and/or relieving stress in
the ice.

Dried ice: Sea ice from the surface of which melt-water has disappeared after
the formation of cracks and thaw holes. During the period of drying, the

surface whitens.

Easy area: A general qualitative expression to indicate, in a relative manner,
that ice conditions prevailing in an area are such that navigation in it
is not difficult.

Fast ice: Sea ice which forms and remains fast along the coast, where it is
attached to the shore, to an ice wall, to an ice front, between shoals or
grounded icebergs. Vertical fluctuations may be observed during changes of
sea-level. Fast ice may be formed in situ from sea water or by freezing of
pack ice of any age to the shore, and it may extend a few metres or several
hundred kilometres from the coast. Fast ice may be more than one year old
and may then be prefixed with the appropriate age category(old, second-year,
or multi-year). If it is thicker than about 2 m above sea-level it is called
an ice shelf.

Fast-ice boundary: The ice boundary at any given time between fast ice and
pack ice.

Fast-ice edge: The demarcation at any given time between fast ice and open
water.

Finger rafted ice: Type of rafted ice in which floes thrust "fingers"
alternately over and under the other.

Finger rafting: Type of rafting whereby interlocking thrusts are formed, eac&
floe thrusting "fingers" alternately over and under the other. Common in
nilas and grey ice.
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Firn: Old snow which has recrystallized into a dense material. Unlike snow,
the particles are to some extent joined together; but, unlike ice, the air
spaces in it still connect with each other.

First-year ice: Sea ice of not more than one winter's growth, developing from
youngice;thickness 30 cm - 2 m. May be subdivided into thin first-year
ice /white ice, medium first-year ice, and thick first-year ice.

Flaw: A narrow separation zone between pack ice and fast ice, where the pieces
of ice are in chaotic state; it forms when pack ice shears under the effect
of a strong wind or current along the fast ice boundary.

Flaw lead: A passage-way between pack ice and fast ice which is navigable
by surface vessels.

Flaw polynya: A polynya between pack ice and fast ice.

Floating ice: Any form of ice found floating in water. The principal kinds of
floating ice are Zake ice, river ice, and sea ice, which form by the freezing
of water at the surface, and glacier ice (ice of land origin) formed on land
or in an ice shelf. The concept includes ice that is stranded or grounded.

Floe: Any relatively flat piece of sea ice 20 m or more across. Floes are
subdivided according to horizontal extent as follows:

GIANT: Over 10 km across.
VAST: 2-10 km across.
BIG: 500-2,000 m across.
MEDIUM: 100-500 m across.
SMALL: 20-100 m Across.

Floeberg: A massive piece of sea ice composed of hummock, or a group of
hummocks, frozen together and separated from any ice surroundings. It may
float up to 5 m above sea-level.

Flooded ice: Sea ice which has been flooded by melt-water or river water and
is heavily loaded by water and wet snow.

Fracture: Any break or rupture through very close pack ice, compact pack ice,
consolidated pack ice, fast ice, or a single floe resulting from deformation
processes. Fractures may con.in brash ice and/or be covered with nilas
and/or young ice. Length may vary from a few meters to many kilometers.

Fracture zone: An area which has a great number of fractures.

Fracturing: Pressure process whereby ice is permamently deformed, and rupture
occurs. Most commonly used to describe breaking across very close pack ice,
compact pack ice, and consolidated pack ice.

Frazil ice: Fine spicules or plates of ice, suspended in water.

Friendly ice: From the point of view of the submariner, an ice canopy con-
taining may large skylights or other features which permit a submarine to
surface. There must be more than ten such features per 30 nautical miles
(56 km) along the submdrine's track.

75

i1



-I

Frost smoke: Fog-like clouds due to contact of cold air with relatively warm
water, which can appear over openings in the ice, or leeward of the ice edge,
and which may persist while ice is forming.

I Giant floe: (see Floe).

Glacier: A mass of snow and ice continuously moving from higher to lower
ground or, if afloat, continuously spreading. The principal forms of

glacier are: inland ice sheets, ice shelves, ice streaons, ice caps, ice
piedmonts, cirque glaciers, and various types of mountain (valley) glaciers.

Glacier berg: An irregularly shaped iceberg.

Glacier ice: Ice in, or originating from, a glacier, whether on land or floating
on the sea as icebergs, bergy bits, or growlers.

Glacier tongue: Projecting seaward extenstion of a glacier, usually afloat.
In the Antarctic glacier tongues may extend over many tens of kilometers.

Grease ice: A later stage of freezing than frazil ice when the crystals have
coagulated to form a soupy layer on the surface. Grease ice reflects little

-'- light, giving the sea a matt appearance.

Grey ice: Young ice 10-15 cm thick. Less elastic than nilas and breaks on
swell. Usually rafts under pressure.

Grey-white ice: Young ice 15-30 cm thick. Under pressure more likely to
ridge than to raft.

Grounded hummock: Hummocked grounded ice formation. There are single
grounded hummocks and lines (or chains) of grounded humocks.

Grounded ice: Floating ice which is aground in shoal water.

Growler: Smaller piece of ice than a bergy bit or floeberg, often transparent
but appearing green or almost black in color, extending less than 1 m above
the sea surface and normally occupying an area of about 20 sq. m.

Hostile ice: From the point of view of the submariner, an ice canopy con-
taining no large skylights.

Hummock: A hillock of broken ice which has been forced upwards by pressure.
May be fresh or weathered. The submerged volume of broken ice under the
hummock, forced downwards by pressure, is termed a hummock.

Hummocked ice: Sea ice piled haphazardly one piece over another to form anri uneven surface. When weathered, has the appearance of smooth hillocks.

Hummocking: The pressure process by which sea ice is forced into humocks.
When the floes rotate in the process it is termed screwing.

Iceberg: A massive piece of ice of greatly varying shape, more than 5 m above
sea-level, which has broken away from a glacier, and which may be afloat or
aground. Icebergs may be described as tabular, dome-shaped, sloping,
pinnacled, weathered, or glacier bergs.

76



Iceberg tongue: A major accumulation of icebergs projecting from the coast,
held in place by grounding and joined together by fast ice.

Ice blink: A whitish glare on low clouds above an accumulation of distant
ice.

Ice-bound: A harbor, inlet, etc., is said to be ice-bound when navigation by
ships is prevented on account of ice, except possibly with the assistance of
an icebreaker.

Ice boundary: The demarcation at any given time between fast ice and pack
ice or between areas of pack ice of different concentrations.

* Ice breccia: Ice pieces of different age frozen together.

Ice cake: Any relatively flat piece of sea ice less than 20 m across.

Ice canopy: Pack ice from the point of view of the submariner.

Ice cover: The ratio of an area of ice of any concentration to the total
area of sea surface within some large geographic local; this local may

AI be global, hemispheric, or prescribed by a specific oceanographic entity
such as Baffin Bay or the Barents Sea.

Ice edge: The demarcation at any given time between the open sea and sea
ice of any kind, whether fast or drifting. It may be termed compacted
or diffuse.

Ice field: Area of pack ice consisting of any size of floes, which is greater
than 10 km across.

Icefoot: A narrow fringe of ice attached to the coast, unmovel by tides and
remaining after the fast ice has moved away.

Ice-free: No sea ice present. There may be some ice of land origin.

Ice front: The vertical cliff forming the seaward face of an ice shelf or
other floating glacier vwrying in height from 2-50 m or more above sea-
level.

Ice island: A large piece of floating ice about 5 m above sea-level, which has
broken away from an Arctic ice shelf, having a thickness of 30-50 m and an
area of from a few thousand square meters to 500 sq. km or more, and usually
characterized by a regularly undulating surface which gives it a ribbed
appearance from the air.

* Ice jam: An accumulation of broken river ice or sea ice caught in a narrow
channel.

Ice keel: From the point of view of the submariner, a downward-projecting
ridge on the underside of the ice canopy; the counterpart of a ridge. Ice
keels may extend as much as 50 m below sea-level.



Ice limit: Climatological term referring to the extreme minimum or extreme
maximum extent of the ice edge in any given month or period based on observa-
tions over a number of years. Term should be preceded by minimum or
maximum.

Ice massif: A concentration of sea ice covering hundreds of square kilometers,
which is found in the same region every summer.

Ice of land origin: Ice formed on land or in an ice shelf, found floating in
water. The concept includes,ice that is stranded or grounded.

Ice patch: An area of pack ice less than 10 km across.

Ice port: An embayment in an ice front, often of a temporary nature, where
ships can moor alongside and unload directly onto the ice shelf.

Ice rind: A brittle shiny crust of ice formed on a quiet surface by direct
freezing or from grease ice, usually in water of low salinity. Thickness
to about 5 cm. Easily broken by wind or swell, commonly breaking in
rectangular pieces.

Ice shelf: A floating ice sheet of considerable thickness showing 2-50 m or
more above sea-level, attached to the coast. Usually of great horizontal
extent and with a level or gently undulating surface. Nourished by annual
snow accumulation and often also by the seaward extension of land glaciers.
Limited areas may be aground. The seaward edge is termed an ice front.

Ice stream: Part of an inland ice sheet in which the ice flows more rapidly
and not necessarily in the same direction as the surrounding ice. The
margins are sometimes clearly marked by a change in direction of the surface
slope but may be indistinct.

Ice under pressure: Ice in which deformation processes are actively occurring
and hence a potential inpediment or danger to shipping.

Ice wall: An ice cliff forming the seaward margin of a glacier which is not
afloat. An ice wall is aground, the rock basement being at or below sea-
level.

Lake ice: Ice formed on a lake, regardless of observed location.

Large fracture: More than 500 m wide.

Large ice field: An ice field over 20 km across.

Lead: Any fracture or passage-way through sea ice which is navigable

by surface vessels.

Level ice: Sea ice which is unaffected by deformation.

Light nilas: Nilas which is more than 5 cm in thickness and rather lighter

in color than dark nilas.
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Mean ice edge: Average position of the ice edge in any given month or period
based on observations over a number of years. Other terms which may be used
are mean maximum ice edge and mean minimum ice edge.

Medium first-year ice: First-year ice 70-120 cm thick.

* Medium floe: (see Floe).

. Medium fracture: 200 to 500 m wide.

Medium ice field: An ice field 15-20 km across.

- Multi-year ice: Old ice up to 3 m or more thick which has survived at least
two summers' melt. Hunmocks even smoother than in second-year ice, and the
ice is almost salt-free. Color, where bare, is usually blue. Melt pattern
consists of large interconnecting irregular puddles and a well-developed
drainage system.

New ice: A general term for recently formed ice which includes frazil ice,
grease ice, slush, and shuga. These types of ice are composed of ice crystals
which are only weakly frozen together (if at all) and have a definite form
only while they are afloat.

New ridge: Ridge newly formed with sharp peaks and slope of sides usually
* 400. Fragments are visible from the air at low altitude.

Nilas: A thin elastic crust of ice, easily bending on waves and swell and
under pressure, thrusting in a pattern of interlocking "fingers" (finger
rafting). Has a matt surface and is up to 10 cm in thickness. May be

*, subdivided into dark nilas and light nilas.

Nip: Ice is said to nip when it forcibly presses against a ship. A vessel
so caught, though undamaged, is said to have been nipped.

!Old ice: Sea ice which has survived at least one summer's melt. Most
topographic features are smoother than on first-year ice. May be subdivided
into second-year ice and multi-year ice.

Open pack ice: Pack ice in which the ice concentration is 4/10 to 6/10
(3/8 to less than 6/8) with many leads and polynyas, and the floes
are generally not in contact with one another.

Open water: A large area of freely navigable water in which sea ice is
present in concentrations less than 1/10 (1/8). When there is no sea ice
present, the area should be termed ice-free, even though icebergs are
present.

V Pack ice: Term used in a wide sense to include any area of sea ice, other
than fast ice, no matter what from it takes or how it is disposed.

Pancake ice: Predominantly circular pieces of ice from 30 cm - 3 m in diameter,
and up to about 10 cm in thickness, with raised rims due to the pieces striking
against one another. It may be formed on a slight swell from grease ice, shuga
or slush or as a result of the breaking of ice rind, nilas or, under severe

*, conditions of swell or waves, of grey ice. It also sometimes forms at some
depth, at an interface between water bodies of different physical characteristics,

* from where it floats to the surface; its appearance may rapidly cover wide areas
of water. 79
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Polynya: Any non-linear shaped opening enclosed in ice. Polynyas may contain
brash ice and/or be covered with new ice, nilas or young ice; submariners
refer to these as skylights. Sometines the polynya is limited on one side by
the coast and is called a shore polynya or by fast ice and is called a
flaw polynya. If it recurs in the same position every year, it is called a

• .recurring polynya.

• Puddle: An accumulation on ice of melt-water, mainly due to melting snow,
but in the more advanced stages also to the melting of ice. Initial stage
consists of patches of melted snow.

Rafted ice: Type of deformed ice formed by one piece of ice overriding
another.

Rafting: Pressure processes whereby one piece of ice overrides another. Most
common in new and young ice.

Ram: An underwater ice projection from an ice wall, ice front, iceberg, or
floe. Its formation is usually due to a more intensive melting and erosion
of the unsubmerged part.

Recurring polynya: A polynya which recurs in the same position every year.

Ridge: A line or wall of broken ice forced up by pressure. May be fresh or
weathered. The submerged volume of broken ice under a ridge, forced
downwards by pressure, is termed an ice keel.

*Ridged ice: Ice piled hapharzardly one piece over another in the form of ridges
or walls. Usually found in first-year ice.

Ridged-ice zone: An area in which much ridged ice with similar characteristics
has formed.

Ridging: The pressure process by which -,aice is forced into ridges.

River ice: Ice formed on a river, regardless of observed location.

,.-Rotten ice: Sea ice which has become honeycombed and which is in an advanced
*! state of disintegration.

Sastrugi: Sharp, irregular ridges formed on a snow surface by wind erosion
and deposition. On mobile floating ice the ridges are parallel to the
direction of the prevailing wind at the time they were formed.

Sea ice: Any form of ice found at sea which has originated from the
freezing of sea water.

Second-year ice: old ice which has survived only one summer's melt. Because
it is thicker and less dense than first-year ice, it stands higher out of
the water. In contrast to multi-year ice, summer melting produc-s a regular

-i pattern of numerous small puddles. Bare patches and puddles are usually
greenish-blue.
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Shearing: An area of pack ice is subject to shear when the ice motion varies
significantly in the direction normal to the motion, subjecting the ice to
rotational forces. These forces may result in phenomena similar to a flaw.

Shore lead: A lead between pack ice and the shore or between pack ice and
an ice front.

Shore polynya: A polynya between pack ice and the coast or between pack

ice and an ice front.

Shuga: An accumulation of spongy white ice lumps, a few centimeters across;
they are formed from grease ice or slush and sometimes from anchor ice
rising to the surface.

KSkylight: From the point of view of the submariner, thin places in the
ice canopy, usually less than 1 m thick and appearing from below as relatively
light, translucent patches in dark surroundings. The under-surface of a sky-
light is normally flat. Skylights are called large if big enough for a

* submarine to attempt to surface through them (120 m), or small if not.

Slush: Snow which is saturated and mixed with water on land or ice surfaces,

or as a viscous floating mass in water after a heavy snowfall.

Small floe: (see Floe).

Small fracture: 50 to 200 m wide.

Small ice cake: An ice cake less than 2 m across.

* Small ice field: An ice field 10-15 km across.

Snow-covered ice: Ice covered with snow.

Snowdrift: An accumulation of wind-blown snow deposited in the lee of
obstructions or heaped by wind eddies. A crescent-shaped snowdrift, with
ends pointing down-wind, is known as a snow barchan.

Standing floe: A separate floe standing vertically or inclined and enclosed
by rather smooth ice.

Stranded ice: Ice which has been floating and has been deposited on the shore

by retreating high water.

V Strip: Long narrow area of pack ice, about 1 km or less in width, usually

composed of small fragments detached from the main mass of ice, and run
together under the influence of wind, swell, or current.

Tabular berg: A flat-topped iceberg. Most tabular bergs form by calving

from an ice shelf and show horizontal banding.

Thaw holes: Vertical holes in sea ice formed when surface puddles melt

through to the underlying water.

Thick first-year ice: First-year ice 30-70 cm thick.
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Tide crack: Crack at the line of junction between an immovable ice foot or
ice wall and fast ice, the latter subject to rise and fall of the tide.

Tongue: A projection of the ice edge up to several kilometers in length,
caused by wind or current.

* Vast floe: (see Floe).

* Very close pack ice: Pack ice in which the concentration is 9/10 to less than
10/10 (7/8 to less than 8/8).

Very open pack ice: Pack ice in which the concentration is 1/10 to 3/10 (1/8
to less than 3/8) and water preponderates over ice.

| Very small fracture: 0 to 50 m wide.

Very weathered ridge: Ridge with tops very rounded, slope of sides usually
200 - 30 .

Water sky: Dark streaks on the underside of low clouds, indicating the
' presence of water features in the vicinity of sea ice.

* Weathered ridge: Ridge with peaks slightly rounded and slope of sides

usually 300 to 400. Individual fragments are not discernible.

Weathering: Processes of ablation and accumulation which gradually eliminate
irregularities in an ice surface.

White ice: See Thin first-year ice.

*. Young coastal ice: The initial stage of fast ice formation consisting of
nilas or young i'e, its width varying from a few meters up to ICO-200 m
from the shoreline.

*Young ice: Ice in the transition stage between nilas and first-year ice,
10-30 cm in thickness. May be subdivided into grey ice and grey-white ice.
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APPENDIX B

CALCULATED ICE STRENGTHENED SCANTLINGS

FOR THREE REPRESENTATIVE SHIPS

Abbreviations used in this Appendix are as follows:

MS = Mild steel

HTS = Higher strength steel

ASTM = American Society for Testing and Materials

USCG = United States Coast Guard

ABS = American Bureau of Shipping

LR = Lloyd's Register of Shipping (British)

DNV = Det Norske Veritas (Norwegian)

BV = Bureau Veritas (French)

NKK = Nippon Kaiji Kyokoi (Japanese)

GL = Germanisscher Lloyd (German)
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APPENDIX B-2

-. CALCULATED LOAD-CARRYING CAPABILITIES OF RESULTING

SCANTLINGS FOR THREE REPRESENTA.TIVE SHIPS
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METHOD USED TO CALCULATE THE LOAD CARRYING
CAPABILITY OF SHELL PLATING AND TRANSVERSE FRAMES

The load carrying capability of each of the ige strengthened structures
was calculated by the method used by Johansson [B-16] in the analysis of ice
damage data. This method assumes that the plating and framing can no longer
carry a load when 3 plastic hinges are formed.

Plating is assumed to be a fixed-fixed beam with a uniformly distributed
load. Then the pressure to form 3 plastic hinges is

40 t2

P [psi] = (B-1)"zfd

where

a9 = yield stress of the material [psi]

t = plating thickness [in]

8 = frame spacing [in]
f= a factor which gives a reduction in plating stress due

to limited vertical extension of the ice pressure

Transverse frames are assumed to be fixed-fixed beams with a uniformly
distributed load 800 mm long acting at mid-span. Then the pressure which the
frames will support prior to development of three plastic hinges is:

16a (SM]
cae (2Z-c) (8-2)

where

a and a are defined above
y
I = frame span [ft]

c a extent of the load [in]

SM a section modulus of the frame and associated
plating [in s]

Substituting 800 mm [31.5 in] for c and applying unit conversion
constants, equation (B-2) becomes:

P [psi] O.254 oy [S.M.1 (8-3)s (12Z-15.75)

Then the normal load carrying capability is the load the plating or framing 2
will carry (P) over the pressure specified in the rules (Prule).
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TABLE 8-2.1
COMPARISON OF ICE STRENGTHENED SCANTLINGS

IN TER OF NORMALIZED LOAD CARRYING CAPABILITY

POLAR STAR

RUE CASFRANE $PAC. FRAME S.M. PLATE THICK. PIP Rule PV~ imRULE CLASS AREA (in] [tn81 DO[tn ls-

AsS +A1 MId 25.6 5.8 0.40 NA 55 33 NA
lw Stern 25.8 5.8 0.42 NA 60 33 MA

A B 12.9 5.8 0.60 7.35 441 66 2.00
N 12.9 5.6 0.50 5.56 307 56 2.00
S 12.9 5.8 0.50 5.12 307 56 2.00

B a 12.9 5.8 0.60 7.35 441 56 2.00
N 25.6 5.8 0.53 1.75 96 33 1.00
S 25.8 5.8 0.46 1.20 72 33 1.00

C B 12.9 5.1 0.50 5.12 307 58 1.76
N 25.8 5.8 0.40 1.00 55 33 1.00
5 25.8 5.6 0.42 1.00 60 33 1.00

IAA B 25.8 51.4 1.26 9.03 542 293 8.10
N 25.8 26.9 0.96 5.73 315 153 4.64
S 25.8 19.6 0.83 3.92 235 112 3.39

IA B 25.8 46.8 1.24 8.75 525 267 8.09
N 25.8 21.S 0.86 4.60 253 123 3.13
S 5 25.8 14.4 0.72 2.95 177 B2 2.40

I1 l 25.8 42.1 1.18 7.92 475 240 7.27
N 25.8 14.4 0.72 3.22 177 82 2.48
S 25.8 9.0 0.59 1.98 119 51 I.SS

IC 8 25.8 37.5 1.11 7.02 421 214 6.48
N 25.6 7.5 0.54 1.82 100 43 1.30
S 25.8 5.8 0.42 1.00 80 33 1.00

LLOYO'S I* B 12.9 5.8 1.25 31.93 1916 56 2.00
N 12.9 5.8 0.55 6.75 371 66 2.00
S 12.9 5.6 0.55 6.18 371 56 2.00

B 12.9 5.6 0.52 5.53 66 2.00
N 12.9 5.6 0.50 5.56 307 46 2.00

12.9 5.6 0.50 5.12 3o7 56 2.00

2 B 12.9 5.6 0.52 5.53 332 5 2.00
N 25.6 5.6 0.56 1.95 107 33 1.0
S 25.8 5.8 0.56 1.78 107 33 1.00

3 8 12.9 4.8 0.50 5.12 307 55 1.67
IN 25.8 5.8 0.40 1.00 55 33 1.01
S 25.6 5.8 0.42 1.00 60 33 1.00

IA Super
IA Same as AS
IS
ICJ

AS1P I B 26.8 54.8 1.22 8.47 50 313 9.48
M 21.9 0.77 3.67 202 125 3.79
S 21.9 0.77 3.37 202 125 3.79

IA 8 87.7 1.54 13.50 810 501 15.18
N 57.0 1.24 9.55 S 321 9.15
S 71.2 1.39 11.00 60 406 12.30

2 B 131.5 1.68 20.12 1207 750 22.73
N 67.7 1.54 14.70 609 501 15.18
S 109.6 1.72 16.813 1010 626 18.97

.4 3 B 175.4 2.18 27.05 1623 1001 30.33
N 116.2 1.77 19.45 1070 563 30.0
S 144.7 1.3 22.31 1339 26 25.03

4 6 219.2 2.43 33.60 l016 11 37.91
N 144.7 1.91 24.34 13"9 626 15.03
S 179.7 2.20 27.53 1562 10N 31.00

6 a 8.0 2.65 40. 7 2416 1501 45.48
N 164.4 2.11 .7.63 I53 = 31.4
S 206.0 2.36 31.10 1902 111$ 311.64

7 s 306.9 2.1 41. IP 2831 1I52 3.09
N I,6.3 2.24 31.14 1713 1063 32.21
5 230.2 2.49 35.28 2117 1314 39.62

8 S 328.8 2.91 50.53 3032 1877 56.11
N 208.2 2.37 34.87 I10 1150 36.00
S 263.0 2.66 40.27 2416 1501 45.48

10 6 328.8 2.98 80.53 3032 1877 5.6
N 206.2 2.37 34.67 191$ It" 36.00
S 26.0 2.66 40.27 2416 I101 45.46
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TAKE( 114.1 (Continued)
• * C0WMZSON Of ICE STRENGTHENED SCANTLINGS

IN TENS OF IIOILIZEO LOW CARWING CAPAILITY

SFRAME $AC. FIM S.. PLATE THCK. PIP Fate P I
I.I CLASS A [101 []'n [a.l 0t oaw

OIN ICE C S 12.0 7.4 0.49 11.02 661 91 2.17
M 2. 5.6 0.40 1.00 S5 33 1.6

S Z5.6 6.0 0.42 1.00 60 33 1.5

ICEI66AMER I 16.3 27.5 1.3 0 9.77 U6 m 7.11N 16.3 27.5 1.11 6.69 379 246 I.M2
S 16.3 27.5 1.4 9.17 i 4 1.12

ARCTIC 6 16.3 34.4 1.71 16.42 us 311 9.41ICEIMAPE N 16.3 34.4 1.44 11.60 A6 311 9.4
S 16.3 34.4 1.Y9 16.42 m65 311 9.42

*, I. 'I
• IA

*~I U6- sme as S"; It

SUSAU Giacs I-Smpr 6 12. 6.1 1.26 32.43 1946 9 3.60
SVEITAS t 12.9 5.6 1.26 35.24 1946 .6 .00

S 12.9 1.7 1.26 32.43 194 GO 1.6
ulie I 0 12.9 6.1 0.60 7.35 441 99 3.6

12.9 5.0 0.4 6 5.1 .U 6 2.6
S 12.9 0.7 0.40 4.72 U3 99 3.6

Illac. 2 a 12.11 9.7 0.60 1.35 441 99 3.60N 25.6 6.6 0.46 1.31 72 33 1.66
S 21.6 6. 0.46 1.20 712 33 1.0

Glute 3 6 12.9 6.1 0.50 5.12 301 56 1.76
N 2.6 SIG 0.40 1.00 55 33 1.0
S 215.8 5. 0.42 1.00 60 33 1.0

IA Smper)
IA
Is San as MS
It

ESSIM VA a 12.9 15.6 0.71 10.30 616 17 s .3
N 12.9 10.1 0.54 6.51 35 115 3.0
S 12.9 10.1 0.54 S.97 356 1is 3.46

A] a 12.9 7.2 0.60 1.3s 441 a 2.4
N 12.9 6.3 0.54 5.56 307 72 2.1
S 12.9 6. 0.50 5.12 307 72 2.10

A2 6 12.9 6.4 0.60 7.35 441 73 2.21
a 25.8 S.% 0.46 1.31 72 33 1.40
S 25.6 6.4 0.46 1.20 72 37 1.11

A3 611.9 5.1 0.50 S.12 307 so 1.76
N .6 5. 0.40 1.00 55 33 1.0
S 25.6 S.6 0.42 1.00 60 33 1.5

M IS.5 5.6 0.50 3.56 215 55 1.67
N 2S.6 5.6 0.40 1.00 56 .33 1.0
S 25.6 5.6 0.42 1.00 s0 33 1.0

M 1 16.0 67.1 1.20 19.33 1160 5s 16.91
0 16.0 27.5 0." 11.3S 624 2S3 7.61
S 16.0 57.1 0.67 10.17 610 SO2 15.91

A 1 16.0 *4.1 1.01 13.70 622 351 10.66
t 16.0 16.7 0.79 9.15 503 172 5.21S 16.0 U.1 0.67 10.17 610 351 10.64

1 0 16.0 26.0 1.01 13.70 622 239 7.14
2 25.6 5.6 0.69 2.96 163 33 1.0

S 16.0 6.0 0.63 S.33 320 239 7.4
c 1 16.0 12.1 0.87 10.17 610 111 3.36

4 25.6 5. 0.67 2.76 153 33 1.51
S 16.0 12.1 0.42 2.71 142 111 3.31

IA soarw
IA- Sm is as
Is

P90PLES 6P6- ie 1 12.9 11.6 0.72 10.60 636 132 4.0
LIC OF Im N, 12.9 S.6 0.56 7.00 324 46 2.00

, 12.9 11.6 0.50 5.12 307 132 4.00
If 12.9 11.6 0.60 7.35 441 132 4.60

0 12.9 5.6 0.50 5.16 307 66 2.6S 12.9 11.i 0.46 4.72 2 132 4.0
oIII 12. 11.6 0.96 6.42 315 132 4.66

2S.6 S.6 0.46 1.31 72 33 1.0
S 2S.6 5.6 0.44 1.10 £6 33 1.0

Sill 5 12.9 1.0 0.50 5.12 307 66 2.00
21.4 5.6 0.40 1.00 55 33 1.06

S 21.6 S.6 0.42 1.00 60 33 1.00
aI 12.9 3.6 0.65 6.15 311 43 1.30

(lver 25.8 5.6 0.40 1.00 SS 33 1.00
vessels) 5 2S.6 5.6 0.42 1.00 60 33 1.00
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TABLE 9-2.2
COMPARISON OF ICE STRENGTHENED SCANTLINGS

IN TENS OF NORMLIZED LOAD CARRYING CAPABILITY
N.V. A~RC

FRC EE SPAC. FRAME S.M. PLATE THICK. PIP* .P
AKE CLASS AREA [in] [in'] [Inj PIRule [ P's4 PFram P/PP~ult' -[ s i r o s t ]

SABS +Al 32.9 116.9 0.67 NA 104 146 NA
85s 32.9 116.9 0.60 NA 83 146 m

A 0 16.5 116.9 1.00 9.12 757 292 2.00
, 16.5 116.9 0.84 5.13 534 292 2.00S 16.S 116.9 0.84 6.43 534 292 2.00

B 0 16.5 116.9 1.00 9.12 751 292 2.00N 32.9 116.9 0.89 1.76 183 146 1.00
S 32.9 116.9 0.17 1.65 137 146 1.00

C 8 16.5 102.3 0.84 6.43 534 255 1.15
32.9 116.9 0.67 1.00 104 146 1.00

S 32.9 116.9 0.67 1.25 104 146 1.00
IAA 8 32.9 234.2 1.57 6.86 569 293 2.01

M 32.9 122.3 1.16 2.99 311 153 1.0S
S 32.9 116.9 1.00 2.78 231 146 1.00

IA 8 32.9 213.2 1.50 6.27 520 267 1.83
• 32.9 116.9 1.04 2.40 250 146 1.00S 32.9 116.9 0.87 2.11 175 146 1.00IS a 32.9 191.8 1.43 5.69 472 240 1.64

M 32.9 116.9 0.87 1-68 175 146 1.00S 32.9 116.9 0.70 1.36 113 146 1.00
IC B 32.9 170.8 1.35 5.07 421 214 1.47

M 32.9 116.9 0.67 1.00 104 146 1.00
S 32.9 116.9 0.60 1.00 83 146 1.00

LLOYD'S B 0 16.5 116.9 1.25 14.25 1183 292 2.00
4 16.5 116.9 0.75 4.10 426 292 2.00S 16.5 116.9 0.67 4.10 340 292 2.00

1 8 16.5 116.9 0.80 5.84 485 292 2.00N 16.5 116.9 0.67 3.27 340 292 2.005 16.5 116.9 0.67 4.09 340 292 2.00
2 B 16.5 116.9 0.00 5.84 485 292 2.00N 32.9 116.9 0.67 1.00 104 146 1.00

S 32.9 116.9 0.87 2.11 175 146 1.00
3 S 16.5 96.5 0.67 4.09 340 240 1.64

If 32.9 116.9 0.67 1.00 104 146 1.00
5 32.9 116.9 0.60 1.00 83 146 1.00

IA SuperIA 'I A Sam. as ASS -- - -- -
IC

ASPPR I B 32.9 249.7 1.55 6.69 555 313 2.14
14 116.9 0.98 2.13 222 146 1.00
S 116.9 0.98 2.67 222 146 1.00

IA B 399.5 1.96 10.68 887 S0 3.42
M 116.9 0.98 2.13 222 146 1.00
S 324.6 1.77 8.72 724 406 2.78

2 6 599.2 2.40 10.02 1330 750 5.14N 259.7 I.S8 5.54 576 325 2.23
5 499.4 2.19 13.34 1108 625 4.28

3 8 799.0 2.77 21.35 1772 1000 6.85If 399.6 1.96 8.53 887 500 3.42S 659.2 2.52 17.46 1467 826 5.66
4 8 %8.7 3.10 26.73 2219 1251 8.57

579.3 2.26 11.35 1180 663 4.54
819.0 2.81 21.98 IR24 1026 7.03

6 1198.5 3.40 32.17 2670 1w]1 10.28N 659.2 2.52 14.11 1467 826 5.665 938.6 3.01 25.22 2093 1176 8.05
7 1311.2 3.67 37.48 3111 1751 11.99N 749.1 2.69 16.07 1671 938 6.425 108.7 3.18 28.14 2336 1313 8.9
B S 1496.1 3.80 40.18 3335 1876 12.85

G 48.9 2.86 18.16 1889 1063 7.28S 1196.5 3.40 32.17 2670 16101 10.28
10 B 1496.1 3.80 40.15 3335 1876 12.15948.8 3.02 20.26 2107 118 8.14S 119.5 1.40 32.17 2670 1501 10.28

DIV ICE C B 12.0 284.0 1.00 1402 975 6.67
, 32.9 116.9 0.67 1.00 104 146 1.00S 32.9 116.9 0.60 1.00 83 146 1.00

ICEBREAKER a 20.5 1161.0 0.85 4.46 310 2333 15.98N 20.5 1161.0 0.68 2.28 237 2333 IS."
5 20.5 1161.0 0.05 4.46 370 2333 1S.96

ARCTIC 0 20.5 1451.0 1.11 7.60 631 2916 19.97ICEBREAKER N 20.5 1451.0 0.98 4.72 491 2916 19.97
S 20.5 1451.0 1.11 7.60 631 2916 19.91

, g" 
IA *

-.. IAI Sm asMS -.-
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TABLE 8-2.2 (Continued)
COPARISON OF ICE STRENGTHENED SCANTLINGS

IN TERMS OF NORMALIZED LOAD CARRYING CAPABILITY

.. M.Yv. _ARCI.jIC

FRAME SPAC. FRAME S.M. PLATE THICK. P/PRule 'Pla PFrame P PRule
RULE CLASS AREA (ini [.'1 (in1 Is [psil

BUREAU Glace I Super B 16.5 175.4 1.26 14.48 1202 438 3.00
VERITAS N 16.5 116.9 1.20 10.49 1091 292 2.00

S 16.5 175.4 1.10 11.04 916 438 3.00

Glace I B 16.5 175.4 1.01 9.31 773 438 3.00
N 16.5 116.9 0.80 4.66 485 292 2.00
S 16.5 175.4 0.80 5 84 485 438 3.00

Glace II B 16.5 175.4 1.01 9.31 773 438 3.00
N 32.9 116.9 0.77 1.32 137 146 1.00
S 32.9 116.9 0.77 1.65 137 146 1.00

Glace III B 16.5 102.3 0.84 6.43 534 255 1.75
H 32.9 116.9 0.67 1.00 104 146 1.00
5 32.9 116.9 0.60 1.00 83 146 1.00

IA Super
'" IA7I Same as ABS

IC

RUSSIAN VA B 16.5 120.6 1.06 10.25 851 301 2.06
M 16.5 120.6 0.84 5.13 534 301 2.06
S 16.5 120.6 0.84 6.43 534 301 2.06

Al B 16.5 128.6 1.00 9.12 757 321 2.20
M 16.5 116.9 0.83 5.02 522 292 2.00
5 16.5 116.9 0.83 6.29 522 292 2.00

'.2 B 16.5 128.6 1.00 9.12 757 321 2.20
N 32.9 116.9 0.77 1.32 137 146 1.00
5 32.9 116.9 0.77 1.65 137 146 1 .00

13 B 16.5 102.3 0.84 6.43 534 255 1.75
M 32.9 116.9 0.67 1.00 104 146 1.00
5 32.9 116.9 0.60 1.00 83 146 1.00

A4 B 16.5 116.9 0.84 6.43 534 292 2.00
N 32.9 116.9 0.67 1.00 104 146 1.00
S 32.9 116.9 0.60 1.00 83 146 1.00

NKK A B 16.5 1091.0 1.44 18.92 1570 2724 18.66
N 16.5 134.6 1.04 7.88 819 336 2.30
5 16.5 1091.0 1.03 9.67 803 2724 18.66

A B 16.5 727.0 1.20 13.13 1090 1815 12.43
M 16.5 90.2 0.94 6.43 669 225 1.54
5 16.5 77.0 1.03 9.67 803 1815 12.43

B B 16.5 496.0 1.20 13.13 1090 1238 8.48
I 32.9 116.9 0.89 1.76 183 146 1.0
5 16.5 4%.0 0.74 5.00 415 1238 8.48

C B 16.5 231.0 1.03 9.67 803 577 3.95
M 32.9 116.9 0.67 1.00 104 146 1.00
S 16.5 231.0 0.60 3.29 273 577 3.95

IA Super
[A . -Sam as A£s ... ... .

IC

PEOPLES REPUB- 81l B 16.5 234.0 1.21 13.36 1109 584 4.00
LIL OF CHINA M 16.5 116.9 0.94 6.43 669 292 2.00

S 16.5 214.0 0.84 6.43 534 584 4.00

B 16.5 234.0 1.00 9.12 151 584 4.00
M 16.5 116.9 0.60 4.66 485 292 2.00
S 16.5 214.0 0.80 5.114 48S 5814 4.00

811 B 16.5 234.0 0.94 8.06 669 584 4.00
M 32.9 116.9 0.14 1.21 126 146 1.00
S 32.9 116.9 0.14 8.06 126 146 1.00

Bill B 16.5 116.9 0.84 6.43 534 292 2.00
M 32.9 116.9 0.67 1.00 104 146 1.00
5 32.9 116.9 0.60 1.00 87 146 1.00

B B 16.5 76.0 0.76 5.26 437 190 1.30
(River M 32.9 116.9 0.67 1.00 104 146 1.00
Vessels) 5 32.9 116.9 0.60 1.00 83 146 1.00
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TABLE 8-.Za

COMPARISON OF ICE STRENGTHEE0 SCANTLINGS
IN TERMS OF IIONMLIZED LOAD CARRYING CAPABILITY

ARCTIC TANKER

FRAN SPAC. FRAME 5.M. PLATE THICK. P/PftI s, PFra ,  ,

MA.E CLASS AREA [In [[h'1 l(. [psi [PSI]

AS iA) 14 39.5 38.4 1.05 NA 196 166 NA

US5 39.5 38.4 0.78 HA 108 166 NA

A B 19.8 38.4 1.00 5.03 543 332 2.00
M 19.8 38.4 1.05 3.05 598 332 2.00
S 19.8 38.4 1.00 5.03 543 332 2.00

B B 19.8 38.4 1.00 5.03 543 332 2.00
N 39.5 38.4 1,05 1.00 196 166 1.00

5 39.5 38.4 1.00 1.05 178 166 1.00

C B 19.8 33.6 1.00 5.03 543 290 1.75
N 39.5 38.4 1.05 1.00 196 166 1.06
5 38.4 0.78 1.00 106 166 1.00

IAA B 67.8 1,81 5.40 583 294 1.77
N 38.4 1.33 1.61 315 166 1.00
5 38.4 1.15 2.18 235 166 1.00

IA B 61.7 1.73 4.94 633 267 1.61
N 38.4 1.20 1.31 256 166 1.00
S 38.4 0.99 1.61 174 166 1.00

1B B 55.7 1.64 4.44 479 241 1.45
H 38.4 1.05 1.00 M9 166 1.00
S 38.4 0.80 1.06 114 166 1.00

IC 6 49.4 1.55 3.96 428 214 1.29
I 38,4 1.05 1 .00 196 166 1.00
S 38.4 0.78 1.00 108 166 1.00

LLOYD'S I* 8 19.8 38.4 1.25 7.85 848 332 2.00
14 19.8 38.4 1.25 4.33 848 332 2.00
% 19.8 38.4 1.15 6.65 718 332 2.00

1 B 19.8 38.4 1.00 5.03 543 332 2.00
m 19.8 38.4 1.05 3.O5 596 332 2.00
S 19.8 38.4 1.00 5.03 543 332 2.00

2 B 19.8 38.4 1.00 5.03 543 332 2.00
m 39.5 38.4 1.05 1.00 196 166 1.00
S 39.5 38.4 1.00 1.65 178 16 1.00

3 B 19.8 31.7 1.00 5.03 543 274 1.65
m 39.5 38.4 1.05 1.00 196 166 1.00
S 39.5 38.4 0.78 1.00 108 166 1.00

IA Super
IA Same as ABS
1C

ASPPR I 8 39.5 106.2 2.36 9.19 992 460 2.77
1 38.4 1.18 1.29 246 166 1.00

5 38.4 1.18 2.30 248 166 1.00

IA 8 159.4 2.88 13.67 1477 690 4.16
14 69.1 1.90 3.28 643 9 1.80

8 56.3 2.12 7.41 800 374 2.25

2 8 212.5 3.33 18.28 1974 920 S.M
N 106.2 2.36 5.06 992 460 2.77
- 132.8 2.63 11.40 1231 575 3.44

4 3 B 265.6 3.72 22.81 2463 i160 6.93
1 140.8 2.71 6.67 1306 610 3.67

175.3 3.03 15.14 1635 159 4.S?

4 9 318.7 4.01 27.44 2964 1380 8.31
175.3 3.03 8.34 1615 759 4.57
17.8 3,37 18.72 2022 943 S.68

5 8 371.8 4.41 32.06 3462 1610 9.70

m 199.2 3.23 9.47 1697 863 5.20

5 249.7 3.61 21.48 2320 1081 6.51

7 5 398.4 4.56 34.28 3702 172S 10.39
1 225.7 3.43 10.69 209S 971 5.89
5 278.9 3,82 24.06 25e 1208 7.28

8 8 398.4 4.56 34.28 3702 1725 10.39

14 252.3 3.63 11.97 2346 1093 6.5
S 318.7 4.08 21.44 2964 1380 8.31

10 8 398.4 4.,6 J4.28 3702 1725 10.39
M 252.3 3.63 11.97 2346 1093 6.58
5 318.7 4.08 27.44 2964 1380 8.31
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TABLE 8-2.3 (Continued)

COMPARISON OF ICE STRENGTHENED SCANTLINGS
IN TERMS OF NORMALIZEO LOAD CARRYING CAPABILITY

ARCTIC TANKER

FRAME SPAC. FRAME S.. PLATE THICK. P/p"i 1 Pl Pru 'Re
RULE CLASS AREA DOn [inl (iii RlrsmF P[PDill

"Mv ICE C B 12.0 103.5 1.00 12.86 1319 1475 a.89
N 39.5 38.4 1.05 1.00 196 166 1.00
S 39.5 38.4 0.18 1.00 108 166 1.00

ICEBREAKER 8 27.9 61.2 3.17 28.13 3038 375 2.26
M 61.2 2.53 9.87 1935 375 2.26
S 61.2 3.17 28.13 3038 375 2.26

ARCTIC a 76.5 4.12 47.51 5131 469 2.83
ICEBREAKER M 76.5 3.29 16.69 3272 469 2.83

S 76.5 4.12 47.51 5131 469 2.83

IAB
AI ....... Same as ABS- --.--- - - -

IC

BUREAU Giace I-Super B 19.8 57.6 1.26 7.98 862 498 3.00
VERITAS M 19.8 38.4 1.26 4.40 862 332 2.00

S 19.8 57.6 1.26 7.96 862 498 3.00

.BUREAU Glace I 8 19.8 57.6 1.00 5.03 543 496 3.00
VERITAS N 19.8 38.4 1.05 3.05 598 332 2.00

S 19.8 57.6 1.00 5.03 543 496 3.00

Glace 11 8 19.8 57.6 1.00 5.03 543 498 3.00
M 39.5 38.4 1.05 1.00 196 166 1.00
S 39.5 38.4 1.00 1.65 178 166 1.00

Glace Ii B 19.8 33.6 1.00 5.03 543 290 1.75
M 39.5 38.4 1.05 1.00 196 166 1.00
S 39.5 38.4 1.00 1.65 178 166 1.00

IA Super S

IA
IC J

USSR YA B 19.8 70.5 2.02 20.50 2214 609 3.67
H 19.8 51.8 1.39 5.35 1049 447 2.69
S 19.8 51.8 1.39 9.71 1049 447 2.69

Al B 19.8 42.3 1.58 12.55 1356 365 2.20
N 19.8 38.4 1.35 6.06 9B9 332 2.00
S 19.8 38.4 1.35 9.16 989 332 2.00

A2 B 19.8 42.3 1.00 5 03 543 365 2.20
N 39.5 38.4 1.06 1.00 196 166 1.00
S 39.5 38.4 1.00 1.65 178 166 1.00

A3 B 19.8 33.6 1.00 5.03 543 290 1.75
M 39.5 38.4 1.05 1.00 196 166 1.00
5 39.5 38.4 0.78 1.00 108 166 1.00

A4 B .23.7 38.4 1.00 3.67 396 277 1.67
M 39.5 38.4 1.05 1.00 196 166 1.00
S 39.5 38.4 0.78 1.001 108 166 1.00

*NKK AA B 19.8 185.7 1.83 16.82 1817 1604 9.66

N 98.7 1.31 4.75 931 853 5.14

S 185.7 1.30 8.49 917 1604 9.66

A B 123.8 1.52 11.61 1254 1069 6.44

M 66.2 1.18 3.87 756 570 3.43

S 123.8 1.30 8.49 917 1069 6.44

B B 84.4 1.52 11.61 1254 729 4.39

M 39.5 38.4 1.12 1.14 223 166 1.00

S 19.8 84.4 0.92 4.25 459 729 4.39

C 8 19.8 39.4 1.30 8.49 917 340 2.05

M 39.6 38.4 1.05 1.00 196 166 1.00
S 19.8 39.4 0.78 3.06 330 340 2.05

IA Super /.
IA } Same as ABS

IC

PEOPLES BI* 8 19.8 76.8 1.26 7.98 862 663 3.99
REPUBLIC OF M 19.8 38.4 1.26 4.40 862 332 2.00

CHINA S 19.8 76.8 1.26 7.98 862 663 3.99

BI B 19.8 76.8 1.00 5.03 543 663 3.9
M 19.8 38.4 1.05 3.05 698 332 2.0
S 19.8 76.8 1.00 5.03 543 663 3.99

BIT 8 19.8 76.8 1.00 5.03 543 663 3.99 I
"4 39.5 38.4 1.05 1.00 196 166 1.00

S 39.5 38.4 1.00 1.65 178 166 1.00

Bill B 39.5 38.4 1.00 1.65 178 166 1.00

M 39.5 38.4 1.06 1.00 196 166 1.00

S 39.5 38.4 0.78 1.00 108 166 1.00

PEOPLES S S 19.8 25.0 0.55 1.52 164 216 1.30
REPUB- (River M 39.5 38.4 1.05 1.00 19 166 1.00
LIC OF CHINA Vessels) S 39.5 38.4 0.78 1.00 108 166 1.00
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TABLE 0-3. 1

WSSL 19155 USED MR5 SHIPS NAVIGATING IN ICE

HATBRIAL RGION Or APPLICATION,

SMOCIFICATION SIUIUN Ice owELT, IWS le SIIES a SUri Us AD). OPIVHAisUWL-. SPECIAL
P115. L. OtHER1 ICS To SNULL a iNISIO APH.ICAIOSU

_____________ wlKR SCS IsS WRTHR DICKS iJnE

American Bureau of hasS11 Grades
Shipping 11980) A.B.D.B.M.CS

ADS HIS Grades Ditto Ditto Ditto
ARIZ. W12R.

D1132. U)36.

Lloyd's Register o1 LR 111 Grades
shipping (6979) - British A...
Classification Rules for
Ships LN HTS Grades

AH27S, 1127S,
9H4272, ARIZ,. Ditto Ditto Ditto
U)432. 3632,
ANUdS. OeldS.

D01346. 1136,

Dot Worsh. Veris 11917)- 1)44 N1 Grades

Moreg:n assification N:ziiii, Dit8, Ditt

N1 noS Grans DittoDto

HA)1127, V32.

ova31. W15)6

GDae oche Lly1190) &V N Grdes
Grea Classification A. D. D). 2
RAI"e for ships Ditto Ditto Ditto

111V 15 Grades
A)) 32. 032.

A143. DI. 36

Jpesesification U Kd0 CGAIH frv CGK8 Nfr C-S7 o ASSelO Vi o

A1132 CisaI. Clss2 o

GoveoAsctH Lie 119110 role hapesde
German ~ ~ ~ Cas 2lsiicto A.f.o.

Ruleslia forr ~ a ASWA) Ships DttoS ClssAS to G Dd.ASitto
140-toot ~ ~ ~ G Harbo GraIor2.mdes o ,ad B r S Ga .Co

A36, D3ed. £ SSGad SC

Spec IfIcatione for UBO CO-ASj7 orlKA3N o CO-AS 37H ASS m Steel radeo ASSt Stee Grade

NuclearA53 Ccerealn (eep fora 2 foruin

tankerlan 2hl f heor

rolle @"Po

speifcaion fr SC ASN-S3 Clss& 1S7 CasASSelGae N te

..- Fo HabrTu r .ad*.f2 ad 0 Co e rfs .Co



. . . . . . . . . . . .. . . . . . . . . .- .

TABLE B-3.2

STEEL WKPS PRNOPOSED foR SHIPS HAVIGATING IN1 ICS

REGION Or APPLICATIONs
MATERIAL ________

0 MCIPICATION BOUNCE: ICE SILT, ICE IC2 STRINGURS GSTRUCTURN ADJ. SUPEESRET. , SPEIAL
FrmES, 0HEL. OMHR WE To am=L G IWIERIOR APPLICATIOIU

Additiml usterals SI7-A 633itoDit
proposedfor Lee-GE., Cls3

recomened y sool AMT-A 633
Ge. AD

ASIM-A 633
as. C

ASM-A 633
Or. D

AU!-A 633
Gr. A

AST14-A 737
Or. a

AUT-A 670

AMS Or. V-039

ASS Or. V-05 ________ ________ ________ _______
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TAKE S-3.3

SWUL "it a 63*03 "a Lloyd' flatiter Nlorek* Vr itam
* ~it........._Me_ GrAMa. AM Or. OVA

Open-hearth * beeic-oxygmn * Oren-hearth electric- Onitf-hearth * hemic-amype.
9306688 OF PWIUW CIW electric- furnace, * vcem- furnace, or bacic-myqen or electric- furnce

arc reelt. oir eiectro- process pgoream

011011DATION AnT Method. *ecGpt finEVS Any method. GKC*pt rinean Any ethod. 411cept rime
______________steel*men steel*

ow* TMafim not rewired not rewired Not rewireod
Xwcept Car Gr. A shapem 6 he SoM of carbon content Carbon plum 1/6 of the

CINMICAL O'N4PMT361lt bare. the carbon content Plus 1/6 Of the AInneanea Mn4an4e0 Content 1c W*INt
ILadie Aftalysie - 1) * /6 of the wegemne content shall not exceed emceed 0.455.

content is not to emceed 0.46%.
0.401. if this condition
is matiofled. manganese
nay he u to .5.

Carbion lon.$ 0.21 0.23 0.23**
Nmnqanema 2.% x carbon **2.S a carbon ** .S x corbon
Poapho,,am (so..) 0.04 0.05 0.04
Sslphur caem.) 0.04 0.05 0.04
muiiclu, 0.50 na. 0.15, son.
Crrmiuin

-. Nichol
* Nolybdenum

Titanium
Vanadium

* . AIl~~umU
finhere

K.,t-. *Piamm, steel to accepted swtfined eteel im accepted *for thickn. 12A5 I
f.,r plate* up t, 32.5 MI for plates up to 32.5 @iN (1/2 111 rin"A. steei my
(1/2 IN). (1/2 IN). he acceptedl.
-- Mn. for 12.S NM -*Kin. f.r 12.5 MI -For thick,. I2.S MI
11/2 Mii. (1/2 1N). t1/2 IN) a hiqlir arhon

content My he -- .epted

?MItLE 01011*01mr
ultimate KG/WI

2 
lass) 41 - so (So - 711 41 so 50 - 71) 41 S 450 - 711

yield tnin.)ltG/WI
2 

1351, 24 f )41 incl. 2S W I tI IN, 24 (34) 24 314) itl. 25 WI it Ill)
2 3 132) above 25 WNI tI IN) 2) 12) ov 2S WIf I MN

Ulnetion 161".1 % in 23 in 200 MI (S IN) Mr 24 22 22
S.AS )%'U tIN) or en in S0 WI 12 IN)
-otea IA-area Of spe.)

C11IRPT V-NOTCH IMPACT Mone reuired Noerequired None required
'35?

WYT '3ICKIRA flICt -C

lTtqANIc TRAP 343KI?
IN Or-N ITf-I.NI1 AT 24-f

TWO1C SPIKRINN

ASMSINt RPSISTA*'K AS lie - 40 330 -140 tin ise4
Oma~i.. NApI3mE

Conventional weldlinq Conventional umldln.q Conventional M1idnq
K09IPlID 511101 ANDI athode. no preheat inti. methods. Nol pweheatinq. nethode. R. Iveheat in.
rARPIVATl..N lWlt KNI~I3S Nona) forninqe "ol ,:itlq Normal f..rninq aM nd totintq lkwal f,.rninq a0ndittig

pi~cilce laI Co. Pr Mt1Ce..

11-- AWN 4lradl. A)............. . . . . -
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.4 TAKLE U-).3(Cwitiuui)

* S8L TWP 6 GiMw Oureau Vet (tas aloc... Lloyd
______ ngr.A nGr. IA HI o. A

Open-hea th. *eet-amyqem. * as-heartht * heel-myows * Ope-hearth. * ic-Oeyqe.
powasI al MANINFACIMS elect, ic-f urn... or my or electr ic-forames e1lectr e- foram@. or mt y

eqeiwelemi appqved by the procees. at other qpraed equivalent approed by the
______________ ealet, by the eagtlet,- eglety

pIA~TlIl list ireq., bet closed stool Nsi-billed nr killed* ANY Method. except fiawed
pok aove .114JLJ M____1__2__________steel above 12.15 MIA Sol
"t YMMinY list reftieod list rmired

(NMINICAL COVOIflON
Ltadle Analyst* IIIb

Scarbown Is.)i 3 s 0.Menqenes a2. C SIR. C.m
ph..efh.r ue (son.l 0.10 0.04
sulphur fmee.1 0.01 0.04 0.04
SI1 kc.M 0. 35 man. 0. 35 am.

Tlit"flIMe
veadlowu
Alualnup
flthnre

$lots*: *enqpaneee Content eat to *11lmeI steel to accepted *Neipnqenem content my
be 10ee then 2-1/2 time fll plate. Up tW IM. PN be less below t2.5 N

Ithe carbon content for ts/z in) Inclusive. 41/2 IN).
more than 12.A MR
11/2 1161.

WHOILER SmllMf0
Utloete W/M

2 
41i11 41 -SO (So- 71 41 - so(So -71) 41 - S 5(0- 71

Yield foln. 11/N
2

1 19511 24 (341 24 4341 24 4)41
B lonqetion foln.) % In 22 22 22

nated IA-sdee of opt.)

CHOppy V-PaWCN IMP~
11157 None required None required Mona required
Temperature -C
Knerqy. 1G-N IFT-LIMb

rely YINPNkAIII -C

DIMIC "uAN Mom;,
IN M0N P-LII AT 24-C
POn N 4%/NM W (M
TH41r1 SW1ISS*

40S11CC0M UStSYANC AS 110 -140 119 140 Il0a 140
00110611. 1m5U4150

C.,nnotr~nl linq C"mventional uel.Ilnq ronventional UP1ldlnq
0MVR0.p11 014?0WI10'M. AM) Mrlh"Nl. No, prahwatin4 . Methodse. Oft prehe~at inq. ftethtrle. Is, preheat inq.
PARPICAlION tiCM119119 *-reel f..rminq And cuttinq Mrel f..ralnq and cuttinq 161rmal fisrminq endi Muuift

4.V~tl4K.practice. 1'rartive.

ftr.l.AlIvr'*6 rM*it3 1.0 1.0 1.0t
* a.I*.AII 144.b Al
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in orut W61 g PM. Ice-SMM xsIP

SWim W"ll A am=S 55 Lloyd's Maer et., ost Veritee
Off. 0 nOr. H Cco. OFF

open-hearth. basic-anyqe. Open-hearth, electric- Open-hamrth. hesic-onop".
p5MM~ OF MWAWIJ *tectric-farmace * vacuum- furnace. Orf hasic-onyqen or electr i.- furnace proc..l

are ,1met. or *lectro- Procss
________________ ltA reit soeee _____________

elahtmatl Any method. accept rimmed Any method * except rinsed Any method, except rinsed
________steel___ &_____ too& stool

INa VERMON Pet resuled Pat resolved Net reesulted
The - of Carbon onstest CartI pawm 1/6 of thme

ClNMICAL CuqeNIVI C.O he arbon content # 1/e 01 plane 1/6 of the mqaneawe sineqaneae content is nomet
Ladle Analysis - 0) the mob"a"e" contest is content shall met exceed exceed 0.400.

aot to eceed 0.40%. It 0.40%.
thin condition to
satisfiled. manganes my
be up to 1.00%.

Carbon Ime..) 5.21 0.2t 0.21
0m9nqasese 0U- 1.10. $.a Son.- 0.0
Pmoophore Ims.) 0.04 0.54 0.04
On, phow Is".) 0.04 0.04 0.04

Si~,n0.3S max. 0.00 OWN. 0.35 max.
Chromiumn
Nickel
Mel ybd us,
opper

Tiandium

Aluminm
Ohers

Maes.e .0.60 min. for fully 6lf silicon content in elf Silicon content is
killed or cold flanqing 0.10 or WKSe, min. 0.10, min. Manganese
quality. manganese my be 0.60. a"y he seduced to 0.A0%.

ultimt /0U101 1M 41 - 96 0- 711 41 - So(So0- 1) 41 0 (SO- 711
goeld Im.)IMIA414 1181J 24 434) 24 (34) 24 134)

N losqetion join.) (A Is 21 in 200 M 48 IN) or 24 22 22
11.6% -17 (IN 11 m of isA So M 42 MN
noted IA-aree of spa.)

CHA.PY W.ION IMPACT "eqired for thicknesses Rnequired for thieses
SNM above 20 NM 11 IN) only abovs 2S N (I IN) only
Tompratere, -C 0 0 a
gnergy. 110-N1 (FY-LB) 2.0 (20) Longitudinal 2.0 (20) Longitudinal 2.0 (20) Longitudinal

______________ 2.0 (14) Transverse 2.0 114) transvers

NM 111WMAII -C *10 to 4 10

DIIMIC IMP =MYW
11 1l-N Ief-LI1) A? 24-C
FCI If. N 0/1 IN) 46 (333)

55185101 Ml0?ANCe AS too - 140 110 -140 110 -140

Conventional welding
NRWp1511 IAIIIG AND methods, me preheating. conventional elding Conventionel welding
pnMPICnTIoN WKNRIQ1198 Onosl forming and cutting methods, No preheating. methods, me loeheatl.

pract ice. Normal formlnq and cutting normel forins and ocutting
practice. practice.

PRIAflylC Cn'N PArIVAR 1.41S I.1 1.01S
I baewd . APS taale A)
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TAKLE 8-3.3 (Comatimidd)

Geeemytin or, 1112 so orn ac-sny

Opahetboeic-aimpmes lpeo-keewthb * hec-anyqee. *opie-hearth. * heic-esyqem,
goeaoinef m Gew~li electi ic-ftime., or say of *Ieotric-fummace electr ic-fmece * or may

equivalent approved by tke proceed. or other approved equivalent Approved by the
________________ t!ct Its Ih set oiety

OSII!OWPNIe vtool net tke WeMi-iie ohiled Any eethod. ecept ried
__ __ _Ne_ ued __ _ _ __ _ _ teel

=at itm w Not feairled Oft requi red not required

ILadle Analymis 0)A

carbon (VNe.l 1e.21 e.21 .21
rAngaleae O.0 - 1.40 0.65 win. 1.1" Oie.
Phnaphorue Imm.l o.015 64 9.04
Sulpdhur ImAN.) 9.9S 5.04 9.04
Siilons 0.39, sm. 8.11 max. 0.1IS mum.

Nickel
Nal yb-e an

Titanim
Vanadium
Aluinum

Notes,

haltleffte msaim
2 (is) 41 - 50 ISe - 711 41 - S (So - 11 41 - So ISO - 711

yield Eels.l/m
2 

(Roll 24 14) 24 (34) 24 4341
Eloation (mis".) %, in 22 22 22
S.61 jlr WINi) or a
noted (A-area of spe.1

cushyT v-Potc IMPACT one required

aters -C l-e 2.6 426)1.Lasqitadisel 2.8 (20) L- oial

DYNAMIC TUNAS r
IN IM-N (t-LB) AT 24-C
Imr 16 NO /6 IN)

AR5ON RISTAWsE AS Il0 140 Ile 140 110 -140

SPIauU. VARIUSu

NEWISPRI) NIAING AND Conventional welding Conventional welding conventional inldtem
repffA5I.O( Pwolifgla netcroe. Ge~ preheatlsq. meltluide No Iw.heatInQ. "meue. Ge preheating.

Nwoml ingls aW cutting Normal forming and cutting Normal forminq and cutting
practice. P1rttitrs. pa~l

R#IATIVKC *'IN? VATINI101 1.011S 1.41%
IVA-I. -m 1.5% W~4-% Al
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TAE 8-3.3 (Cootigived)

STORL TIFR 6 lFIM usS A"S Lloyd's Register
oor. noU 11174 r. A032 NYU llt. 1.6279

OpieR-halthib hmic-oXMPOen 0108-hserth, haltie-0011,90, n1,n-hoogth * electric-
VMDC OFloowheum lectric-fernae. vacum. Of or lectric-furnaem furnace. or haele-myqon

ageresuelt. orf elect,.- pr os process
__________________ elm result Amoce ____________

AOMIDAYION Fully killed. fine grain Itaui-killed or killed Umi-kill*d or silicon-
wractice killed

MEIAT I5EANUI Normal ized MOedebo 3S. Ml 1.1Is IN 1 Not"d.ebo IS MI 1. 30 301
_____________________ lord.abov, 12.AMI I/al)* ______________

The carbon content # 1/f.
CHASICAL CrAWOITION of the manganese content
Mea Analysis -1) is not to exceed 0.400.

If this condition is
satisfied, .. qanowe my
be up to 1.611.

Carbon I Naw.) 0.16 0.16 0.19
Manganese 1.0 - 1.31 0.90 - 1.0... 0.70 - 1.63
Phosphorus Infix.) 0.400400
5ull-hug aar 04 04 0.04
$I I I'm 0.10 - 0.35 0.10 - 0.1.0 0.01 max.
Chromium 0.211 men. 0.2c sm.
Ni,.kel 0.40 sem. 0.40 max.
"lklybdienum 0.04 Now. 0.04 sm.
Coffer 0.1 ISmaK. 0.3S sm.
Titanium
Vendio 0.10 sam . 0.03 - 0.10
Aluinum 0.01. win.
CoIhere 0.01 max. ft 0.01. - 0.01. lb

lk~te. lfaluisim-tweated. *ho,, IM. em I 1/2 ?")1
**If columi.u or vanadium if aiobium or aluminum
practice goad. * nioabi'm Wroctioe Is "Md.

IM2. eM 11/2 yrn) and
und5; may have atn.

__________________ ___________________ manganese of 0.7041.

ultimate 3li/1401 fast) 41 0 So 6 IS 71) do - 00 44 - as) 41 - S2 (56 - 74)
yield (eis.)l/m6

2 
111111 24 (341 32 (41.1.) 27 116.1.)

glongation (sin.) 1 In 21 in 20 MtoIn) or 1lOin 200 NM (6 IN) or 22
5.61, IVM Ill) or a 24 in S0 em (2 to) 22 In SO eM (2 IN)

* noted 4A-area of a.)

CNAMPY V-NOTCN IMPACT None requited None reqguired Required for thicknesses
TEST above 12.5 em No(1/2 IN) Iona

teprature *C 0
Energy. 119-N (IT-La) 2.8 (20) Lonqitudinal

WiMTll UEMetA -C -12 to -7

OYNAMIC lUAW MMYO
oNNr-N (IFT-La)1 AT 24-C

I'M tG em li/ IN) 14 4t0ll
"ICIC sPECiNU

ABNA5111M aSSI1STANCEI As Ito I"14 135 - 170 Ile 147
opinEiJ. MARlINES

powsprol W.w:Mt; AMW ronventional welding moderate Wreheet for Modterate 1welleat fMr
PANIINZAT.01 vw~miglSo methods. no preheating. welding. tou hydrogen Welding. Low-hydrogen

Normal forming and cutting practice. Normal forming practice. "Doml forming
practle. and cutting practice. end cutting Iwarlice.

I I.EA~tVg MO.T O7AcIII 1.041 1.19 1.11

I:ae1 on ANS 'r4ndA)
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TAKE 1-3.3 (Conttnved)

POMTIO or 1TOOS 4181 FOR 1C3I-8?"IOUMl1 sNirg

M9iL. ?VI 16 GRADS Lloyd5 Magistsr "at ka Vrites Norske Veritas
WOS Gr. A032 SOPSt Mr A 278 MY Cr. NVA32

open-hearth. electric- Open-hearth,* hanic-oxyqsn. * pen-hearth * hese-onyqen,
P16nsS or naIrIAcPuRs furnace.- or bosic-oxygen or electric-furnace or slectr ic-furnace

process process process

DOWSIDAYION Sosl-kiilld or silicon- USoi-killed or fully fully killed
killed killed _______________

NSA? W5A1N orad.ehowe 3S Mfl4.311 IN) Not resulted ___Normalized

COMCAL COWMOIYIOU
(Ladle Anlyess 9

Carbon Isax.) 0.16 0.20 0.15
manganee 0.70 - S4.0 0.70 min. 0.9 - 1.6.
Phosphorus fss.) 0.04 0.04 0.04
sulphur (see.) 0.04 0.04 0.04
Silicon o.os mon. 0.10 - 0.90
Chr'smion 9. 20 mae. 0.20 sax. 0.20 sm.
Nickel 0.40 sax. 0.40 ax. 0.40 sax.
Skblyhdenuo 0.06 max. 0.06 see. 0.00 ax.
Copper 0.3S men. 0.3 sax. 0.I9 max.
Titanium
Vanadium 0.01 - 0.11 0.10 ma.. 0.10 max.
Aluminum 0.019 min. 0.08 sax. 0.06 sax.
Others 0.01S - 0.0% 666 0.05 max. sib 0.09 rax. "b

notes, MAove 12.9 UN M 1/2 IN). 0.70 sin, say he used for
if nl',biun or aluminumn 12.S W4 11/2 IN) ant lews.

nolhm practice to

~mssna unmemP

ultimate IA/M4 4180) 49-0 Go 64- as) 41-S2 4 so 741 4S9-o064 - as)
YIeld lsin15G566 4112 f44.9) 27 436.95) 12 f44.s)
Blongation loin.) 4 In 22 22 22

S.69 ITU M4I in or as
noted IAartea of swe.)

CRAMPY V-po1wU IMPAWT Required for thickneses None required
T18 shows 12.S UN 41/2 IN) oall
YTerseturse *C 0 0
fterqy. IC-U (FY-LB) 3.16 423) Longitudinal 3.10 (23) Lonitudinal

________ _____ ___________________2.24 (161 Transverse

OTHAM1IC IRAN flWG!

46 IG-N4 IVY-La) AT 24-C

16 "mPACINUOl

*8068306N ASISPANCR AS 129 170 110 -147 129 170

RM~IlU51 MIWINO *AND moderate preheat for moderate preheat f,,r moderate preheat for
FAISNICARYIU 10CU1011UE8 weldineq. La -hydrrnqe. weld lnq. ldaw-hydrotlen weld inq. [Ant-hydrogean

practice. Normal forming practtre. Nnrmal totaing Practice. aorsal forming
and e~mttlnqf practice. anM cottinq preice. and cutting geactirs.

*.*''VV 111 SVA14P 1.11 1011 I.tl
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TAKE S-3.3 (Coatinued)

PRJPENTI". or STEELS USEm 0 C-?UOHHI SHIPS

STEL TYPS F, CR601 Rureau Yenita. HEN Uemn Uo_______________ HI C. A012 HI'S Gr. RA32 HIS at. £12y
(Open-hearth,* haelic-oxyqfen * npe-hearth. baSI.c-oxyqen. *-e-hearth, baseic-oyqen,

PROCESS Or IIACT111 electric-furnace or any of etlectric.-furnace elect r l-furnace or any
equivalent approvd by the process16. or other apsproved equivalent approved by the

_______________society by the society G__ oclety
OENIAOHUnriinmed steel, killed Killed Killed
__________________above 12.S NN (1/2 I ______________

HEMT TNSATMIRT H otrequired- Nor"alized N_ ormalized

CONIICAL CTIMPOS IT ION
fLadle Analysis -A

Carbon (max.) 0.10; 0.10 0.15
Nonqanes 076 1.60 *0.40 1.60 0.9 - 1.601*
Phosphorus (ee .404.0
Sulphur (sas.1 .1 .400
SOI I o. 0.05 max. *0.10 -0.50 0.10 - 0..0
rhroslam 0.20 Mon. 0.-20 sac. 0.20 max.
Hichtel 0.40 a". 0.40 sac. n.40 a".
Molybdenum 0.05 sax. 0.00 seen. 0.00F sAK.
Copper 0.1s max. 0.3S nitae. 0.1 35 e
Titan i t
Vanadium 0.10 mae.
Aluminum. 0.1. a&.. 6.01S sin. 0.07 smac.

IkOte. *Hot required, If alus.(oum *Nlietmum in 0.70 helov
or vanadia treated. 12.% " 11H NI 1.

*090l60aov 12.S Hm

A.I

Ultimate so,...
2 

IllI 4N - 60 (64 - H9) an 60 (60 - AS) 45 60 ('AR-05yield 1In*.IWGcii
2 

1151 .32 (45.5) 12 145.5) '2 199
Elongation Imin.I I In 20 22 22
S.. )W 1M I IH) orf as
noted IA-area of sped)

CHARIOT V-NDtCH IMPACT Hone re.ji red
TKST
vespeature *C 0 0
Energy. kG-04 (rT-Lgu 3.2 (23) Lonqituditnal 1.2 (23) Lonqltudlnal

__________ 2.1 (17) Transverse* 2.2 116) Transverse

00? TgMpgRATiI0E -r

PT0AMl6" TEAR DMAGHY
IN %G-M I FT-LB) AT 24.r
Fpri It, HM (9/0 IN)

= ASION RNSISTAcrk AS 12% 170 135 - 170 129 17Il

5EC)i5Et, wEIIII N D 000 Hderat. preheat for moderAte preheat or Moerate Iweheat for
t5551CA11,UI TEA OWIglPS veldlnq. Lo-hdoen vlinq. Tow-hydroqen Oveldinq. tnv-hydroqen

Or~tce IoeI f..rslnq praut lee. Norsel fnrslnq pwact ice. No~rmal f..rminq
aor -O.ttln la 1-t. end oittI Fwrtic.. and -.uttinq (wattle.

PPI.ATIVk "51%? va.?rTO 1.11 1.11 1.11

I IMe..( I A"'; ';1 AIC A I
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TABLE 9-3.3 (continued)

WSPRInE or STEELS16 USED FOR ICE-STRORENE SNIPS

SWTEEL TYPE & 6 GRADI has Lloyd's Register Lloyd's "sqiter
STE__ Nir0. AN36 NYUV Gr. AN349 SYS Or. ANI6
open-hearth,* basic-omygen * Ope-hearth, electric- open-herth,* electr ic-

PROCESS Or ftW~iVCIU or electric-furnace proc..o furnace. or basic-osyqen furnace, or besic-ceyqan
process process

01O0IDAION Semi-killed or killed Sem-killed or silicon- Semi-killed or silicon-
_____________killed killed

NEAT TREAIVINT Norad.akove I5Si W(.38 WN) Norad.abn. 3S M(i1.36 IN)- Noell.above 3S AM 1. 36 10)

CHEMI(CAL CUMPOSITION
(Ladle Analysis - 0)

Carbon (seed) O.1S 0.16 0.19
Manganese 0.90 - 1.60... 070 - 1.60 070 - I."4
ph ;.hrue fees.) 0.04 004.4

Sulphur I macI0 0.04 0.04 0.04
IlIicon 0.10 - 0.50 0.0s man . 0.05 em.
Chroeium 0.25 max. 0.20 max. 0.20 max.
Nickel 0.40 max. 0.40 was. 0.40 am.
m;,lyh4@nlw% 0.0 s.e. 0.00 mas . 0.08 was.

Copper 0.15 was. 0.35 Man. 0.25 max.

vanadion 0.10 mae. 0.03 - 0.1 .2-01
Al onlnue ~0.0 - m0. 010sn

Others 0.05 mae. C, 0.015 - 0.05 "5, 0.0)5 - 0.05 14b

-oes if eluminum treetnd. *Above 12.S 1N (1/2 IN). Ahovs 12.5S M I /2 IN).
**If columbiumnor vanddi It niobiums of aluminum If nlolhium or alumninum
practirce used. *nioblum practice is + niobiom practice is

12.j~ S N 11/2 IN4) and Used, used.
under cay have sin.
anqanece of 0.706.

TENSILE NJUIEN 8
Dlltet XG/100

2 
(KOV) so - 61 (71 - 90) 62 (N8) 10 63 ill -o I0

yield Ifin.)EG/004
2 
(ESI1 36 (S11 34 (4R( 36 (5I)

Elongat ion (sin.) I In 19 in 200 MN (a I"N) or 22 21
5.65 XW JIM or atA 22 in SO MM (2 WN
noted (A-area of epe.)

CHAP? Y-No'?CH IMPACT None raquired Required for thickneses Required for thicknOWSs
TEST above 12.S We (1/2 IN) on)i eo- 12.5 MNR 11/2 IN) 011i

temperature *C 0 0
Eneiqy, KG-H ifl-LFI 3.47 (25) Longitudinal 3.47 (25) Lonqitudinel

NPr TEMPERATURE *C -12 to -,

DYNAMIC YEAR ENERGY
IN EAI-N (PT-LR( AT 24-C
FUJR 16 M (5/N I")
THI1CK SPECIMEN

ABRASION RESISTANCW AS 140 - 15) 177 14ft1"(I
RRINRLI. NAPIWIES

-- Modeate Preheat for Moderate preheat for -mrrlerate preheat For
PetU)IRVIl itU)IWt' AIR) oeidinq. In.-hydllqon welding. I,.-hydtro u91.1inq. tow-hydroqen
FARRIO-RTION TWMNI(0IER practirr. Normal forming practire. Morsel forsinq practice. Normal forcinq

and -tt.inq practice. 6 cutting practice. G cutting practice.

0R13ATIVP 1,118T I'14-R 1.17 1.17 1.17
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TABLE B-3.3 (Continued)

PROPERTIES OF STEELS -USSO FOR ICE-TRENGTIHE' SHIPS

STEEL TYPE & GRADE Hocelre Vlitao Horske Veritas Bureau Vert a(ITS Gr. NVA 36 - HS Gr. NVA40S My. .r. I13
open-hearth, hasic-osyqen * Open-hearth,* hasiC-osyqen, Open-hearth. haslc-syqen.

PROCESS OF MANU.FACURE or 01 ectric-furnace of elecryc-furnace el ectr lc- furnace, or amy
process process equivalent approved by

____________________ the society
DECOXIDATION Fully killed Fully killed UnrlmeA steol. killed

above 12.5 M8 (1/2 IN)
HEAT TREATMENT Hot required Nored.above 12.5 88(1/2 INI Not required-

CHEMICAL COMPOSITION
fLadle Analysis 5

Carbon (mom.) 0.18 0.18 0.111
Manganese 0.9 - I.G6 0.q - 1.6- 0.70 - 1.60--

? phosphorus (eex.) 0.04 0.04 0.04
Sulphur less.) 0.04 0.04 0.04
Silican 0.10 - 0.50 0.30 - 0.50 0.50 e.
chromiums 0.20 max. 0.20 ee.0.20 eec.
Hickel 0.40 max. 0.4o max. 0.40 aec
Molybdenum 0.08 mec. 0.08 max. 0.0 eecma.
copper 0.35 sac. 0.15 max. 0.1% max.

Vanadium 0.10 eec. 0.10 max. 0.10 eax.
Almnum 0.08 Bias. 0.08 eac. 0.0f. mex.
Othere 0.05 sac. Mb. 0.0% max. I, 1.0% max. 15.

Notes: *0.70 cm. may he used for 0.70 min. may he used for *Not required if aluminum
12.5 mM 11/2 IN)1 and less. 12.5 88 (1/2 114) and less. or vanadium treated.

--0.90-1.60 ahove 12.% 88
1/2 IN).

.* 0 0.oabove 12.5 5
____________________________________________1112 IN).

Ultimate %O/88
2 

(ESI) so- 63 (11 - 90) S4 -66 (77 -94) so - 63 (71 - 90)
Yield (mtn.EG/51

2 
(151j 36 OSil 40 (51) 16 (51)

Elongation (em.) 0 In 21 20 20
5.65i firu (18IN1 or as
noted (a-area of ape.)

CHARPY V-NOTCH IMPACT Hone required
ts?
Teperature *C 0 0
Energy, KG-M IFT-LS) 3.47 (25) Longitudinal 4.0 (29) Longitudinal

-2.4s (18) Transvere 2.6S 419) Transverse ____________

HNlT TEMPERATURE *C

SOTHMIc "EAR amRG
IN NG-N (FT-LI) AT 24-C
pop 16HM(/I)
THICK SPECIMEN

ABRASION RSISTANCE AS 140 - 181 IS) - 190 140 -1"1

001HEU. RAWN8ESS

WNIorsto preheat for Roe' rate preheat for Moderate Preheat for
Rawlleko MEtilNG AmO welding. tow-hydrogen xe ling. tow-hydrogen weldIng. tow-hydr-oen

FAnSIrSTIIH fEWHHIglJS practice. nreal forming practIce. Normal forming practice. Nors) forelng
6, cutting practice. A cutting practice. A cutting rectleo.

A? Iva 410sT VAII 1.17 1.17 1.1?

I.Ho".1 as SS Of ate AD
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TABLE 0-3.3 (Continued)

PROPERTIES OF ST89LS USED POP 1CS-STREVIGTIIENED SHIPS

STEEL TYPE A, GRADE MKK German: Lloyd AS

HTS Gr. KA36 to Gr. 36 HS Gr. D
Open-hearth, hasic-oxygen, Opn-hearth * basic-oxygen, Open-hearth,* basic-oxygen.

PaRESS Or MANUFACTURE electrVic-furnace roc.... : et-Itc-furnace, or any electric-furnace. vacuum-
or other approve by the equivalent approved by the arc remelt, or electro-
soiety society slag remelt Process

DROXIDATION Killed Killed Fully killed, fine grain
practice

HEAT TREAMNT Normalized Normalized Mord.above 35SI W 1.38 1ll

CHEHICAL COMPOSITIOIN The carbon content * 1/6
(Ladle Analysis A)of the manganese contentK Is not to eceed 0.4n.

Ithis condition is 1
satisfied. manganese may
be up to 1.65%.

Carbon I mae.) 0.15 0.10 0.21
Manganese 0.90.- 1.60 0.90 - 1.60- 0.70 - I.35-
Ph-sphoru Imae.) 0.04 0.04 0.0
Sulphur (mae.) 0.04 0.04 :1.04
Silicon 0.10 - 0.50 0.10 - 0.S0 0.10 - 0.35
Chromium 0.20 was. 0.20 "an..
Hickel 0.0ma .0gs
MolIybdenum 0.0 maa 00 m.

4Copper 0.15 max. 0.15 a".
Tita n iumn
VanadIu 0.0 ae 0.0m.
Alumin= 0:.1 sian. 0.0 ma..
rubeer. 0I.05 ma.:. '0.05ma. 0

Woten: 60Nintmi Is 0.70 helox -6.60 min. for 25 Me 11 1IN
12.50SI Ma 1/2 IN3. thickness and un~der.

fTllSI 11. &lIIfS
ultimate KG/SI

2 
lESS) s0o 63 01) - 90) SO - 63 (71 1 0 41 - s0 (So - 71)

Yield f.in.l)tG/S
2 

(Eli. 36 (51) 36 (5)) 24 (31
Elongation lsin.) 11 in 23 21 21 In 200 MM (9 1N) or
S. GS rmII(() or as 24 in S0 PN f2 IN)
noted (A-&,.& of spe.)

CHAIPY Y-MCITCH IMPACT
TEST
Teepersture a C 0 0 -10
Energy. KG-N (rT-L@) 3.5 (253 Longitudinal 3.S (2S) Longitudinal 2.8 (20) Longitudinal

2.S (30) Transverse .2.4 (17) Transverm 2.0 (14) Transverse

HOT TIEMPERAT3E -C -35 over.

PnANIkmc 'MAP INEEC

IN KG-N IFf-LA) AT 24-C
FOR 10i Mm We/ IN)
TNI'K SPEC 3MEN

ARRASlrlv RESISTANICE AS sin - 140
SPINELI. HARDNIESS 140 lo 15 40 - It

b Moderate preheat for Moderate preheat for Conventional welding
pggiiarii wEIO3M AMP veld inq. Lin-hydraon selding. lon-hydr,,gen methodm. ft, preheating.
61APPIVATION! TECHNI(QUEFS practice. Ow.mal forming practice. 3toreal forming Mormal Forming and cutting

I.j 06utttnq pra.-tice. 16 cutting practice. 1,fact 1,0.

14RIlATIVE -8T? rAvpRn 1.1? 1.17 1.11
P, IlIa"v.1 A 60 (A.4 A)

-. 128



TABLE 8-3.3 (Continued)

PROPZETISS OF STEELS USED FOR ICS-SRIMSNDTHNIM SHIPS

STEEL TYP9 & GRADE ASS Lloyd's Reqister orsk Veritea
_S or. CS HS Gr. D MS Gr. NYD
. _ .n-eerth hsic-osyqn, Open-hearth, electric- Open-hearth, hasic-oxvqen,

PROCgSS or MANUFACISJNS electrlc-furnace. vacuuM- furnace, or beelc-oayqen or electric-furnace
arc remelt, or electra- process process

._ _ _ else wemelt process."DZOXIDATIOH Fully killed. fine grain Fuilly killed, fine grain Any -Method except rimmed

__practice practice .. steel
FAT TNIATVISMl Normalized Normali zed More d.above 25 (I IN W

e

CHEMICAL C"fNPOSITION The carbon content # I/6 The m of carhon content Carbon plus 1/6 of the
L8adle Analysis - S) of the eanganese content plus I/6 of the Manqanese aanq&neae content Is not

i not to exceed 0.40%. content shall not exceed to aceed 0.40%
It this condition is 0.400.
satisfied, eanqenese may
be up to 1.6S%.

Carbon (WaX.) 0.16 0.21 0.21
Nanqanese 1.0 - 1.35 0.70 - 1.40- 0.98
Phoephoru (mas.) 0.04 ,.04 0. 04
Sulphur (eas.) 0.04 0.04 0.04
Sa I icon 0.10 - 0.35 0.10 - 0.O0 a. O.35 max.

: (.'hwom ium

Hirkel

-t.l ybdenum

Coppe r
• Titanium

Ahlcsinum 0.015 in.
Ot h-r

~te*: -For 25.5M N (1 IN) or *Nith fine twain practice,
leoss, sin. manqanese my normalizinq Im only
be 0.60. required for thlikneeseee

above I5 NO (I.1 INI.

TENSILS NWIRD42MTS
Ultimate CG/Meu

2 
(551) 41 - 50 (SO - 71) 41 - 50 (5 - 71) 41 - SO (S5 - 71)

Yield (Min.jKG/NI4
2 

(551 24 (34) 24 (34) 24 (341

Elonqation (min.) I in 21 in 200 M (6 IN) or 22
5.65 IA 9 (IN) or as 24 In 50 NH 12 IN) 22

noted (A-area of epe.)

CHARPY V-NoCH IMPACT Hone required

TRST
Temperature -C 0 -$0

Enerqy, KG-i (Fl-LO) 4.0 135) Lonqitudinal 2.75 (20) LOqtudinal
_ __ _ _ _ _2.0 (141 Traneverse

HlT TENPESIJURE *C -57 to -51

NY1AMIC TEAs ENRGY
IN KG-l IF.T-LB) AT 24-C 90 (7091

roN 16 MN e / IN)
TH4irg SPEC.1Nr

ARRASIUIN ESISlTANCC AS 110 - 140 110 - 140 110 1 140
00INFI.I HANRONESS

rOnventioral eldinq Conventional welnq Conventional ualdinq
NN1.911SF.I wtvIlm; ANI methods. No prvheatinq. methods. N preheatinq. Methode. *1 preh*atlnq.
FANRIC (ATII 1CHN1IQUS Normal forminq and cuttinq Normal forminq and Luttlnq Normal formlnq and cnttinq

practie. practice. practice.

q AtIATIVE coST 1lA(lT"R
lka.,i '0 AHNS r., Al .11 1.1 1.11

129



TABLE S-3.3 (Contlaved)

FPSERFIE or STEELF UMSD roe ICB-SSTROW20NEO1 SNIPS

STS1EL ?f S GUOM bureau Yenita. NSA German. Lloyd
NSHS. Dr0. RD Gr0.D

bpnhat asic-game *n Open-hearth * hmaic-oyer.m Openl-hearth * basic-omygef.
psOWESS or NAllACl~BE electr ic-furnace. or any eloctric-furace electric-uzfnace

equivalent approved by the. proecess * or other approved proces. or other approved
socetyby the societz by the. society

OOSNIIIAEON KiM miste ht be -wed Sooi-killed or killed- Any method. Wapt uimd
_____________________ ________________steel-

USA? YUEAI? N ot reqired wormd a-bove 2S 1(I IN) Porea ahove 2S.S MW 11 IN)

CHEMSCAL CONPOSZIOM
Ltadle Analysis - 111

Carbon Coe.) 0.21 0.21 0.21
Netnqanese 0.60 - 1.40 0.A41 min. 0.70 - 1.40
P*ophor. 10.0 0.0 0.0 0.4

Sulphur (msa 0.0 0.04 0.04
Silicon 0.%sa. 0.15 max. 0.0 .10
rhromiam
Nickel

Vian di'o

Al onin 00 sn

-Sei-kiiled is .eid -Aluminum treated and fine
(fo thickhness rp t,, 2% grain Ieact i.* d.nvs

MM (1 1N) (1.~v. 2. (IiN).

V04mi.R/2gj,24 (34) 24 (34) 24 (34)

glongation join.) 4 in 22 22 22

0.60 fyw M (IN) or as

CHAP V-NOTCH IMPACT
TET
Iemprature -C 0 -10 - 20
Energy. to-to fl-LU) 4.0 M)0 Longitudinal 2.5 (20) Longitudinal 2.8 (201 Longitudinal

"otod (A-aea of 0". 

2.1 (IS) Transverse 
____________

NM TOMMAPMR -C

DYNAMIC 'MAN MGTD
In ED-N IPT-LO) A? 24-C
roe 16 MN1 (50 IN)

THICK SPUCEW

ABRASION SItSANCS A 110 -140 110 140 110 .140

Convenitional eldn Covanti-onal ;sding Conventional Welding
mau(lagnI WELDING ANM methods. No preheeig methods. Ph prheatinog. methods. Ph preheating.
FARRICATI.NW IKCNNI0ICS Norsal forming and cutting Normal forming and cutting Normal forming and cutting

practice. practice, practice.

1 1A 1 0 i. * r i A r m e 1 .1 1 1 .3 1 1 .1 1
W;s.. ' G At fA) 5 A)
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lAKE1S.3.3 lContihied)

6 CN6 ~ mpsOPiNtZs or StELB USm Fria ICaEMMMGYEEO SNIPs ~
STELT~9 6 INM asLloyd's Register N.mko oie

nag 9NOOr. ag. If
Opea~hoartb * baslc-oaygsn. Open-hearth. *1 alcti - (ipen-hearth. hamic-omygn.

FerNCIISS Or PAIIJVACTM3 eiac ti-for.ce, vacur..- furnac.. or timsle-oxygen mK Ietr i-fuve co precast
arc camelt. or electro- Process

__________________alas result process ____________________

DO)IOAYION Fully killed. fine graian Fully killed, fine grain Futly killed, fine grain
Practice practice practice -

NU~T AYTF1 Normalized 4 Normal ised Normlliaed
The carbon content # /6 The sms of c:arbon content Carbon plus 1/6 of tk.

CHlIrAL CriPOSIION of the manganese content plus 1/6 of the manganese manganese content io not
* Ladle Analysis - III Is not t"o e~d 0.40%. content shall not exceed to scond 0.401.

Ifti odItIon Is 0.40%.

satsfed mnqano"a may
be up to 166

Carbon Imax.I 0.10 0.18 0.18
Plenfanes 0.70 - 1.35 0.70 - 1.50 n.70
phosphorus (m..) 0.04 0.04 0.04
Sulphur las.) 0.04 0.04 0.04
S1lI ko-n 0.10 - 0.15 0.10 - 0.50 0.10 - 0.1.

lbolybdon,..
C..pper
Titan..

Al us nne. 0.015 min. 0.41S imi.

viola (mln.IU.G/141
2 

I(PSI 24 (14) 24 (14) 24 44
ffloogation fain.) I In 21 In 200 (0 8 IN) or 22 22

S.65 f MS i1") or a 24 in SO M (2 Ill)
noted (Ak-acea of we.)

TROT -OTH((PC

Yepratoge nc -40 -40 -40
Energy. XG4-N ItT-LOP 2.4 (20) Longitudinal 2.76 (20) Longituudinal 2.76 (20) L~ongitudinal

_____________ A .0 (14) Yrmnosea ____________ 2.0 114) Yranoverse

MIM 100".UPA~TMJ5 nc -48 to -46

Is MG-01 (UT-LOI AT 24C
Mm5 1A 011 (S/A IN)

?NICK swSim"

ADSAIIIN EEISTANCE AS
WHOMEU NotineAs lie - 140 116 - 40 100 - 140

- - Conventional welding Concentional wsldlnq Convegntioinal .. ldlnq
pE5F(IREI( Wr31.011 ANm MethoS. No preheating. methlo. No prebeatlnq. methods. 14D rvehtatinq.
rAseIATI-01 ?ICNIlElS Normal foirminq and cuttlnq Noirmal forming and cuitinq lNoal forming and cutting

prectic.. practice, prwctice.

7 iAIYS (001 iArCIll .f 1.16 1.16
(h~,~l n AS *~4.I0 Al
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TABLE B-3.3 (Continued)

IFOPBUTICS or SWILl USED FOR ICS-s~mSSoYI SMIPS

ST99L TYPE 6 GRADE Bureau VeT tae Mnu Gore"m. Uoyd
M_____ sOr at. R N atp. a
Open-heiaTth * basic-oxygen, *Open-hearth.* basic-oeygon. *Open-hearth. baseic-aeygen,

PROCESS or NisiFuacYIJsS electric-furnace, or any electric-furnace electric-furmae. or any
equivalent approved by the PrOC00ee. Of other approved equivalent approved by the

_____________ soeciety by the society welety

D90RIDATIOM Fully killed, fin. grain Killed- Aluminmli treated, rime

NS1A? TREATMENT Mormalized Notreaed Normaliled

CHEMICAL COP0SRTIOM
L[adle Analysi -sI

Carbon Ieeex.i 0.18 8.10 0.19
ftnqanee 0.70 - 1.50 0.70 m. 0.70 - 1.50
Pbompliorue (max. i 0.05 0.04 0.04
Sulphur (max.) I .05 0.04 0.04
Silicon 0.10 - 0.35 0.10 - 0.3S 0.10 - 0.3S
Chr,,eim
Nirkel
Mlybanum
Copps,

Alimainae 0.01S 0.06 0.015 min. 0.02 min.

N~,tn a-Aluminum treatment is to
bep sued as a fine grain

ultimate I/11
2 

(KSIl 44-S0 ISO - 711 41 -1 So -So 71) 41 - SO II-711
yield loin.)XG/111

2 
ElSEI 24 (34) 24 (34 24 (14)

Elongat ion fain.) 6 in 22 22 22
5.65 fANH M IN) or as
noted it6-0rea of me..)

CHAMPP V-NOCC INPAC?

Temperature *C -40 -40 -40
Energy. KG-ft 4PY-LB) 2.3 4201 Lngitudinal 2.0 4201 Longitudinal 2.3 (20) Lonqiltudinal

____________________________________2.1 JOS) Tranevere

NIMT BPKRATJRS -C

DYNAMIC 'MAR OPIUME
IN M0.-N I F-LB) A? 24-C
703 If, NH IS/S I")
THIICK SPECHSN

ABRASION RIESISTANCE AS 110 - 40 116 140 lieO 140
BRINEL.L NARDNSIKS

Conventional uelding Conventional tinldinq conventional talding
MgIKIII)NVO WP!iDING AND methods. No~ preheating. methods. Mn preheating. Methods. No eheatitq.
rAIEPWATIaIH TICNNIQUES Normal forminq end cutting normal forming and cutting Hormal forming A cutting

practice. practice. practice.

fHM,..1 a ANS GraC). A)
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TABLE0-3.3 (Continued)

9 rMOuA USICD Volt iCE-?eOmgaIuSD SHIPS

SPIEL SVNVft 6 OPAiw ADS ADS L0IO?4 ftqiater
___________ M_ HSor. 01132 975 or. D1136 M!S Or. DM278

open-hearth. baseic-anyqen, *open-hearth,* baic..nygen, *open-hearth. electric-
*pmru o ov " IFS 0wyyn o, *eti-furnace or electric-furnace furnace, or lbalc-onvqen

pofeca procae process

11110111ATION li Iled. fine grain practicq Killed, fine grain practicm Saul-killed or ailicon-
_______________-kil led

NSIA? IRIA"IoW NIorada4boy 25.5 1VNI I N)- vorodabore 25.5 MNI I IN)- Mored.abov. 25.5 M3 (I IN)-
Mored.&bDVe 12SNI29*ncred.above 12400111/21m)* ______ _____

CHMICAL C014POSIIION
11,6414 Anlyala I

Carbon Ceax.) D.19 0.18 D.AN
Nanqenee 0.90 - 1.60 0."0 - 1.60 0. 70 - I."0
Phosphorue leax.) 0.04 0.04 0.04
Sulphur lean.) 0.04 0.04 0.04
Silicon 0.10 .06 .0-05 .5mn
Chromiml" 0.25 man.02 xa. 0.2 an.
Nickel 0.40 ean. 0.40 men. 0.40 man.
Not ybdernm 0.9 fiea. 0.00 am. 0.05 man.
Onppag 0.1S can. 0.35 ean. 0.31 man.
Titanium.
VanaIita 0.10 man. 0.10 men. 0.03 - 0.10
aluminuma 0.01S min.
nth*,@ 0.05 an. Cb 0.05 man. Cb 0.015 - 0.05 i0

Noree, -t Aluinu treated. -If sainn treated. -Above 12.% Ml (1/2 19).
-iEf vol,&ebix or vanerin **If coluini or vanadiumn it niohium or alealnue
practice Is deed. practl..e Is need. + nioblue practIce I@ ued.

rultimate MG/11
2 
lKIIII 46 - 60 (GS - 11S) S0 - 63l (71 - 90) 41 -52 1(5o - 74)

field fminjU)OlM
2 
I(Eli 32 (45.151 36 IC 27 (9.151

elongation Cain.) % In 19 In 200 He (0 iN) or 19 in 200 MR III IN) or 22
5.65 PT M (in) of as 22 in SO0H12 IN) 22in SO He(2i)
noted (A-area of @Pa.)

CHARM? V-POCN 11MPACT

Temperature -C -20 -20 -20
Energy. KG-01 (P7-L1) I.S (25) Lonqltudinal 3.S (25) Longitudinal 2.75 (20) Longitudinal

_____________2.4 1171 Transverse 2.4 117) Traeveree ____________

NWlt "CNFCRYUEI -C 462 to -40 462 to -40

1N 10-H (P7-La) A? 24-C
Me1 1699I (S/9 IN)

SNUCK SPSCIMPM

ASPASION PBS (STANCE AS
69(993.1. 9ARFWS CIS - 170 140 - 101 sin 147

Moderae preheat for moderate prehleat for moderate preheat for
RM1fliC1) WEWLING AND neldinq. 14,4-hydrogen welding. Wv-hydrogen weldinq. tow-hydrosen
rAASKICASIcM ?ECNNIgIIZS practic-e. Normal forming practic~e. Normal forcing practice. Normal forcing

6 ruttIng practice. 6 euttinq practice. & *:uttinq rcie

MSATIIC. (r19'r ACVrP .1 1.101 1.]9

#p..,,o1 1. 993 *~..rA)
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TABLE U-3.3 (Continued)

PNPZRT19S OP STEELS USE30 FOR ice-TSEHGTHzmtD Sips

STEEL TEPE 4 GRADE Lloyd's Register Lloyd's Register IDY.2 egoister
P__ IS Gr. [0132 HIS Gr. 03648 HIS Or. DM36
Open-hearth, electric- Open-hearth, electric- Open-hearth, electric-

PROCESS Or MANUFACTURE furnaes ,.r hesic-osyqen furnace, or baoic-oxygen furnace, or basic-cityqen
process process process

D901110ATIOM 5emi-kiile or silicon- ReUi-kiiied or silicon- semi-killed or silicon-
____________ killed killed killed

HEAT TREATIMR Mored.above 2S.S M (I IHP Hormdl.ebove 21.1 M (I IWO Norod.abov. 21.1 ~(1 114
CHEMICAL (V51P05 11109
(Ladle Analysis -I

*Carbon (s6e.) 0.19 0.35l 0.16

"ena" a. 0.90 - 1.60 0.90 - 1.60 0."0 - 1.60
PhosphotUS (0&..) 0.04 0014 0.04
Sulphur fsax.) 0.04 0.094 0.194
Silicon 0.41S sax. 0.0 a". 11.11% ma.
Chroemiu 0.20 max. 0.20 max. 0.20 am.
MjrckeI 0.40 max. 0.40 max. 0.40 max.
Mn I ybdenom 0.06 max. 0.05 max. 0.04 mas.1
7.Inpr 9.11 man. 0.35 sac. 0.IS max.
Ti tanium
Yanadtis 0.01 - 0.10 0.03 - 0.10 45.03 - all"AlosInue 0.01S em. 0.015 em. 0.0 I S ..
*XIhrrs 0.015 - 0.01 II, 0.015 - 0.0% 16, 0.0150- 0.0% Mb

Abto, iove, 12.5M PI 4/2 I) *Above 02. SMM 11/2 in), *RaIvos 42.5 MM 11/2 to1).
if ni,.hins or aluminm~ If niohige or alumcinum if nloblue or aluminum
*nI,i,m precti-, In * ninhice practice I- nInhIum practice Is

*111c'used0. ded.

TEAS It FJ UISHYSir
ultimate NOhMM (E2I) 45 60 (6 O SI 42 ("S1 50 - d (It - 20)
yield lie.lG/14

2 
(9RS! 32 (41S.S) 34 (48) 36 11)

Elonqation (sin.) SIin 22 22 21
5.6sr flu$(KR or as
noted (A-area of spa.)

CHARMI V-MOTCN IMPFACT
TEST
Temperature *C -20 -20 -20
Energy. rG-M (PT-LD) 3.96 (2)) Longqitudinal 3.47 (2111 Longitudinal 1.47 (21) Longitudinal

NOT THPB5ATURE -C

DYNAMIC ?MAR ENERGY
IN WC-" (FrT-IS) AT 24-C
FORP PIN MMI/0 IN)
THIC~K SWEINI

ABRASION RESISTANCE AS 92S1970 977 940 11119
DRIH1ELL MAASOIPS

Moderate .preheat for Moderate preheat for moderate prehat for
RSIIRpef WeLf)IM ANDO welding. Lox-hydroqemn welding. Low-hydrogew welding. Low-hydrogen.
rARRI'"ATIOlM TECHI19IES practice. normai forming practice. Normel f..rainq practice. Normal forming

A cutting practice. A cuttlnq practice. Icutting practice.

PVIATIVR (flH? VAf'VNI 1.96 1.30 9.35
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TAKLE 0-3.3 (Coisttnued)

PKOSWTIU OF 61551. (1M P06 lCB-YSIIGYNSNKG SHIPS

SIR L "V6S I MD9 Sotsk. WrIte Nrman Venitas Norman Vef leg
"'I'l G11. NV0270 i E.NI2 HIS Gr. WVD36
Open-herth.* beslt-oxyge. 1, Onherh*b c-oxe. Open-hearth. ' eeic-oxygen.

pNIC11 OF KNUFACIMB or eloctrlc-wvnoce pwac.s or electric-furnace or electr ic-furnace prore.
process

DOIDYIIO sami-killed or fally Fully killed TUllY killedl

HGA iOMTOWf Nord.4baoe 29.S MIN IU)* Nfoed.*hoe 19 M4I3/4 14)* Parud-Obove 19 MM143/4 IN)-

CHEIICAL MVUIIII

Carbon (men.) 0.16 0.16 0.16
afnoe0.70 win. 0.9 - 1.6 0.9 - 1.6

phosphor.6 (m70. 0.04 0.64 0.04
Sulphur (max~ 0.04 0.04 0.04
SI I icon 0.10 - 0.50 0.10 - 0.e
Chromim 0.20 man. 0.20 mex. 0.20 man.
Nick 0.40 a". 040 me. 0.40 =e.

Copper 0.35 me.. 0.15 me.. 0.35 mex.
Titan...
Veneilum 0.10 me.. 0.10 ma.. 0.10 max.
Aluinum 0.06ftme.. 0.06 was. 0.8" mx.

rul,.. 0.05 son. lb 0.05 m. lMb 0.0 max. Mb

-Fte**or 25.S3go (I IN) and *AboVe 12.S EM (1/2 IN). -Above 12.5 HN 41/2 IN),
above to lhe killed end If niobium prectice Is It nIoblum practice Is
fine grain treated. Used. U904.
.-Above l2.S M 11/2 IN),
It RI.""*~ practice in

YUUILB ills~oryS
ultimate InflS

2  
mlOt 41 - S2 is* - 41 4S -5 54 A" WS) So - 6)1 M so)

yield lmin.)%G/6
2 

(gf51 27 136.5) 32 (45S.5) 30 (SI)
Slamni~ton (min.) % In 22 22 21

S.05 ~Ii (IN) oreas
noted IAares of Mpe.)

CHAN"Y V-I"afC" IMPACT

T protor* -C -20 -20 -20
Knergy. MG-M IPT-LO) 2.75 (20) Longitudinal 3.16 423) Longitudinal 3.4? (25) Longitudinal

2.0 4143 Trnsvere 2.24 (103 itrnovere 2.45 (10) Transvere

DVNANIIC "An1 MNO
1N 10-N MP-1,81 AT 24-C
rap 14 NN M/6 iN)

ASMASIC1N UstsI3Kel As 110 147 12S 170 140 191I
SONLI ANoOUS

moderate preheat for moderate prehet for Noderate prehleat for
PW~I3Ela WRUJING AMh welding. low-hydrogen welding. to.-hydrogm welding, lowhydrogen
rAmprNitlTu 15C11Q11 pre.:l ice. Normal forming practice. Normal forelng Prectice. Normel forming

b cutting prartlce. 6 cutting practice. a eutting pvectic.

PRlATIVE ('.I*? P~WY 1.14 1.1IN I.16
U1 fNe%-I Me ANS GF&4ed A?

135



TAKE S-3.3 (continuod)

198gl~ or 5TL5 0550 FOR ZCa-sREN0Tomw5 BUIPS

STROL "WI' gh GRAM. Noakh Venit.. ftureau Venit.. bureau Venit..
WWS Dr. PVC609 MIT Gr. OM32 NITS Gr. DM36
Open-hearth * bahic-oanyqon. Open-hearth,* bastir-osyqen. * Opn-hearth, haic-ozyqen.

PWCUSS OF OhniWFACTu8S or eiectric-fornac. pcocesi %I~trlc-furnecw. or any e3.ctric-furnec*, or any
equivalent Approved by squiualaent approved by

_________________the society the society
oOWKITOaNa Fully killed. killed, fine grain Killed, fine grain

OPTl ?FAfTOW Normal ized "ors" I ~* ~~ I gd O lized* -

CHEMICAL COSOSIKION
fLadle Analysis -6

Carbon (max.) 0.18 0.1e 0.18
Manganese 0.9 - 1.6 0.90 - 1.60 0."4 - 1.60
hosphorus (max.)1 0.04 0.04 0.04
Sulphur 40a2.1 0.04 0.04 0.04
silicon 0.30 - 0.50 0.10 - 0.%0 0.10 - 0.S0
Chromium 0.20 max. 0.20 me. 0.20 em.
Nickel 0.40 max. 0.40 max. 0.40 sam.
Oblybdenwe 0.06 ma. 0.08 m. 0.08 am.
copper 0.35 man. 0.1% max. 0.1 ISmax.
Titanium
Vanaium. 0.10 man. 0.10 wag. 0.05 - 0.10
aluminm 0.08 max. MIS1 - 41.06 MIS1 - 0.06
(Vthere 0.05 max. Mb 0.05 max. 16, 0.02 - 0.05 (6,

*r.Onot required, It nhent required. If
proportion can he .et a. properties can he Met as

- .specified, specified.

TSWIILS ES~lE gt
Ultimate %t3G/M 4151) S4 -6b (77 -94) 45 60 164 - as) so 61 (71 - q0)
Yield Inin.)KG/1

2 
(KII1 40 457) 32 (45.5) 36 (51)

gionqation (min.) % in 20 2n 20
5.65 1W 48 or as
n"ted IA.ared Of apel.)

CNAWPW V-NfvfC IMPACT
75St
Temperature *C -20 -20 -?.0
Energy. KG-N MP-1,1) 4.0 (291 Longitudinal 3.16 (23) Longitudinal 1.5 (25) Lonqitudinal

______________ 2.65 119) Transverse

M[Yr TEPEATIRB -C

DYNAMIC 'MAP CHROGY
Ila 31.-M (77-.,) AT 24-C
'Pop 16 MH Is/S tl~l4 ?"it SPECI1MrN

AORASIONI XXSIST6565 AS 153 - 190 12S 170 140 - 18
DPIWBLL NARD34KSS

Moderate lreheat for Moderate preheat for 0%,dersae Preheat for
EEaPilprt W.1aIM4I Awti weldinq. Isw-hydrogen weldinq. Lnw-hylr.oen weldinq. taw-hydroqrn
PPARP117AT19ON TD*NINIlK9 practice. Norsel foreinq practice. Normal forMingq practie Moslfrin

a rotting I.ractice. 6 cuttinq practice. 6 cuttinq racIilce.

8F.IATIVF. '*7 Ar*1iI 1.38 1.10 1.10

136



HIS Dr. TABLE B-3.3 (Continued) D.D2 -

STMA TYPE 6, GRADC N NICK German. Un.Yd
_______Of. ____D32_ HIS Or. E036 TOrD3
Open-hearth * basic-oayqen, Open-hearth,* hesic-oxyqen * Open-hearth, besir-oxygen,

PeIZsS Or PANIJIACEURK el ec tic-frnace electric-funace electric-furnace process.
process. or other Approved proc..., or other approved or other approec3 by the

____________by the society _ by the eccietV omiety
OCOuInAIi. Wiilled Killed Ki Iled

_HEAT TRATTM normalized Normalized Mraie

CiIMIrAL OS4P.35!TION
IMadie AnalysiS -5

carbon lmax.) 0.18 0.19 0.19
ftene.swe 0.90 - 1.60 0.90 - 1.60 0.90 - 1.6n
Phosphorus (man.) 0.04 0.04 0.04
Sulphur Imas-l 0.04 0.04 0.04
Salire~ 0.10 - 0.50 0.10 - 0.S0 0.10 - 0.S50

LhI.0.20 mae. 0.20 am. 0.20 max.
Mr-ket 0.40 max. 0.40 max. 0.40 maxe.
ft. Iybienm 0.09 e. 0.09 max. 0.09 mAe.
Co"pper 0.3% max. 0. 3S max. 0.% IS e
Ti tanium
Vena'! 1'. 0.0% - 0.10 0.02 - 0.01

Alw "0.01% sin. 0.01S &in.
(~ 1.150.02 -0.05 IC,

oltimete f*Z/32 lICE ) 45 60 (68 ON SO3 63 (71 90) 49 i ~ MI(6 95
Yield (min.iKG/Ma (KES1 312 (45.53 36 (51) 32 (4%.%)
Etonqation (in.) % in 22 21 22

5.6s IrM (1193 or as
noted IA-area of epe.)

CHAMHI V-NOTCH $1(PACT
TZST
Temperature -C -20 -20 -20
Energy, KG-0H (P1-Lf) 3.2 123) Longitudinal 3.S (25) Longitudinal 3.2 (23) Longitudinal

- 2.3 (17) Tranteveran 2.5 (118) Transverse 2.2 (151 Transverse

urn IWEARADE -C

IJNN CER iPC.Y
IN 1U;-M frT-LC AT 24-C
r"P IS '(M IS/@ W
THICK speClItK .

A RASIOW S=IiAUAE AS 335 - 170 340 - 393 Ills - 370

H..derat. preheat for modlerate preheat for moderate prehneat for

W3JAI HLI)IW- AND) seling. tos-hyirogon welding. to.-hydr..qn welding, los-hydrogen
1ARIATIIH1 TEIM~I&PIES praCe. Normeal forming practlc.lra rig ralice. Aormal forming

A. .Itin3 pra.-tic. & cutting practice. L crafting wrlice.

PKIATIVA 1-;T. VAr1* .3'.1NlS
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TABLE 0-3.3(COnttNud)

P013Y13is o Ofzz StESM roll0 ORics-Stmi0YHU SNIPS

STERL. TPE 6 GRAMS German. Lloyd ASIT-A537 ASTM-A3
W-S ?GO. 036 Class I Gr. D
open-hearth, * hac-oxyqen * Open-hearth,* beeie-onygen n pen-hearth * hosi-oyn,

PPOCESS oF NMtFAC1MRE *ecir Ic-furnace, or any or eloctr ic-furnace or *.ctr ic-fur nace
equivalent approved by the process process

MOrIIDATION Killedl Fine grain practice Fine grain practice

NZAT TRSAI1NM normal ized Macell "Nreel I med

CHEICAL ClIPOS MIT ION
IMadle Analysis - 0l

Cogbon (maa.l 0.46 0.24 0.20
monganses 0.90 - 3.60 0.70 - 3.15 0.70 - 1.35
Inw~sphorla ("ac.0 0.04 0.015 0.04
Sulphur (mas.1 0.04 0.040 0.05
Silicon 0.10 - 0.110 0.35 - 0.50 0.1S - 0.50
Chromum 0.20 man. 0.2S sa. 0.25 em.
mi~Ael 0.40 mac. 0.2S man. 0.25 mm.
Molybdenuan 0.061 san. 0.06 san. 0.06 am.
Copper 0.35 men. 0.35 a". 0.15 a".
Ti tanlium

Van.toa0.05,- 0.10
Alumion 0.02 -0.07

Ot heS 0.02 G .05 IS,

MNt..e,

TENS ILE J~~f
Uliat ot/lU2 (II) s0 - A) (1- 901 49 - 63 (70 1a 49 63 Al70- 90)

11.14 (mln.l)tG/in
2 
IKSIJ 36 1511 3% (S0) IS (SO)

Elongation (min.) 11 in 23 22 22
S.65 IT N (IN) or am in 51 PO 2 IH) In SI On (2 I
noted (A-area of epe.)

CHARPT V-HOOyCH IMPACT
TEST
Temerature -C -20 -0-40
Energy. KG-H4 IFT-LII1 3.5 12S) Longqitudinal 2.1 (IS) L~ongtudinal 3.5 12S) Longitudinal

2.4 417l Transverse 2.6 (201 Transverse

Mlir ?EHPICAYIPI -C -53 to -in -%I aver.

IH W-04 tFT-L&I AT 24-C4 Flat IA MH IS/H I
IIIIC'i SPEC (NE4l

AASION VSOISTAROR AS 140 lei9 138 lot 1" 1
*fsRIKI HAPIUIKSS

M.oiert* preheat for rontrnlled weldlng Cnteolle woding
Or.~iiagFli irFlnini; Alai .&14ing. 1-hylrgqen proee. modertate Prr-ons. Nodemrato
I'ARPIATI11i TEV"141IFS practi-e Horeal forming pre.heat. f~v-hyirngnn preheat. (*0.-hydrogen

an.1w *,t Ing pa,-1 1r. pratrticv. 11mrosal formIng practice. Normeal forming
I. ruting jeactlce. . cutting (Ea~trl ..

PFIATIVE ,Itvw *111 1.14 I.Im 3.10

IN1. A" A)-



YAMI.- 9.3.3 lCootinued)

Prlffo OF ofL ~U~SE rsoeF ICa-SYNGIBMUM MNIPS

STEEL "IPS G GRAMI AlOE-MI3 " 6 ADS
____________O. A 6 a WE1 air. 31132 31M Or. 31136

Open-hearth. beele-omygen * Open-hearth. baslc-omyqen, Open-hearth. ba4Imc-0MYqR-.
SUCCESS or 8&IwPAcWAI or slactric-frnace or el.ctric-frna- or .lectrie-furnece

process process pro...

MUONlOATIONl Pine grain practice Killed, fine grain practic4 Killed, fine grai prectiC4

mKA? TISATEf Noraized ilormeliged Normalized

CMICAL CAPOS1?lON

(Ladle Analysis A

Cerbon 4eee.) 0.13 0.13 0.18
Mnaee t.00 - 1.Is 0.90 - I.S0 0.90 - l.bQ1
Phosphorus (eAX.) 0.04 0.04 0.04
Sulphur (ma..) 0.05 0.04 0.04
Silicon 0.15 - 0.S0 0.10 - 0.50 0.10 - 0.80
f.rmlu 0.25 max. 0.25 ae.
Nickel 0.40 was. 0.40 me
s&ltoeu 0.03 SAM. 0.03 ae.
Copper 0.15 max. 0.35 max.
Tiltani~um
Vanadium 0. t0 max.. 0.10 mae. 0.10 mae.

other@ 0.05 max. Cb** 0.05 max. Cb 0.05 max. Cb

Notea~ *t. 31 only.
*-Gr. A only.

Ultimate x,,
2 
(333) 44 - SO (61 015) 43 I 60so 5)8 - 63 471 so9)

yield lmin.jEG/M
2 

jKS)1 30 (41 32 (48.8) 36 (SI)
glooqation (sIn.) % In 23 I9 in 200 M (01 IN I Or 19 in 200 M (6 INI) Or
S.6 GS )' Me(IN I or as in SI MM (2 IN) 22 in S0 We 12 INI) 22 In S0 ON (2 IN)
noted (A-area of spe.)

CitAP? V-NOTCH IMPACT

?seperator* -C -46 -40-4
Energy, KG-m (r1-LO) 3.S (2S) Longitudinal 3.5 (25) Longitudinal 1.5 U25) Lonqitomdinel

______________ 2.8 (20) Transverse 2.4 (17) ?raneveTOO 2.4 (17) Transverse

NMDT TEMEAT'URE *C -S7 ever. -SI to -40 -51 to -40

II)liANIC TRAR ENERGY
IN MG-M If-LB) AT 24C
flom 16 "M (5/S IN) 91 (655)
THIC~K SPEC:IMEN

*DASIlr fZISSAW'9 As 121 - 165 135 - 170 140 - lei

Preheat rerpmired. If Moderate preheat for Moderate preheat forI
mgPIIINS WCWImo ANM) ambient temp. helo, 16-C. welilng. Low-hydronien .0-iinq. lnI-hy.Irng~n
0A~Ma'rAT~fc 111,110619119 LO%-hydroqen racttce. practice. entorl Formlnq practice. Normal forming

*Normlc foomnq A cutting cutting practice. L c.ttinq practice.

OCIATIVII 1fli'r VOACt8 t.40 1.43 1.41
Ilis. -1 ASS'al A)
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TABLE .4-3.3 (Continued)

PROPERTIES OF STIELS USED rOR ICE-STRI.NGTIENItD SHIPS

STEEL TYPE b GVAlIat Iyd* Iaqter Lloyd's Register Llnyd's klister
":_ _ PIS Gr. EH27S HIS Gr. 312 HTS Gr. CH34S

Open-hearth, hasic-oxyqen, Open-hearth, asic-oxyqen,* Open-hearth. heslc-oxyqen,

PROCESS Or NA*W11ACTIIS or electric-furnace or electric-furnace or electric-f.rnace
process process process

DO9lIDATION Silicon-killed only Silicon-ktilled only S))leon-killeA only

MEAT TREATMNT Normalized Normalized Normalized

CHEMqICAL. r(MPI)S IT IOM

(Ladle Analys - )

Carbon (max.) 0.16 0.18 0.40
anqanese 30.70 - 1.60 0.90 - 1.60 0.90 - I.60

Pho phorus (mae.) 0.34 0.04 0.04

Su lphw. (ws.) 0.04 0.04 0.04
Silicon 0.10 min. 0.10 min. 0.10 mti.
hrh,,ml, 0.20 max. 0.20 mae. 0.20 ma.

NickI 0.00 me. 0.40 max. 0.40 mae.
PSlybdanum 0.00 mae. 0.00 max. 0.00 ae.
Copper 0.1s mae. 0.35 .nae. 0.)5 max.~Tit an i o

Vanai m 0.0) - 0.10 0.03 - 0.10 0.01 - 0.10
Al minum 0.015 min. 0.01S min. 0.01S min.
4Itih.r 0.015 - 0.05 Mb 0.015 - 0.0S 46 0.015 - 0.0%

TENSILE r0 ZlINEIRS
Ultimate r ,/M 2 

(il) 4t - S2 150 - 74) 45 - 60 (64 - 04I 62 (89)
Yield Imin.E;/Nw

2 
451 27 (38.%) 32 (44S.5 34 (40)

Elonqation (lin.) 0 in 22 22 22

S.65 I ' i (IN) or as
noted (A-area of Spe.I

CHARPY V-NOTCH IMPACT
TEST
Temperature *C -40 -40 -40

Enerqy, KG-N ( T-LO) 2.75 (20) Longitudinal 3.16 (21) Lonqitudinal 3.47 (24) Lonqitudinal

NI71P WN[PI)AT4IPK C(

OYAMAIC TEAr fIEROy

IS MK;-m (rT-LB) AT 24-l'
Pat0 4F MN (S/1 IS)
TH Iro SPECIMEN

AGRASIN RESISTANE AS 110 - 447 424 - 170 477

-RINILL HARIWNESS

Moderate preheat for Moderate preheat for Mderate preheat fnr
RE:"IREDl WEWING AN) .eldinq. Io.-hydrgoen ..eldlnq. I.-hydr.qen weldinq. lo.-hydruolen
.A001CATl4)N T('HMIQIIIIES practlce. Irmal folninq practice. Nnrmal forminq prartire. Nnrmal fr)rinq

, -uttinq practice. r cuttinq acticoe. 6 cutting pwacti.

PEI.0TIVF 'S;T AC'IO 1.41 1.41 1.41
ills A t.; ,r ie A)
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* . . - . • . . - ~ - - . . o . - . .. ..

TAE 8-3.3 (Continued)

VOPTIUES OF STIILS USED PON ICE-STSSINGTH111 SHIPS

STEEL TyPe & GRADO Lloyd s lleter Horske Veritas Noeske Vertas
i__ S Gr. 36 HTS Gr . NVZ278 HTS or. NE32
Open-hearth. hasic-oyqen, Open-hearth. bailc-osyqen, Open-hearth, bsic-oxyqsn.

PCEWSS OF IAWACTURE or electric-furnace or eleoctric-furnace or electric-furnace
process process. process

DEOIIATION Silicon-killod only Fully killed fully killed

HEAT TR1ATIET Uoralliaed Normalized Normalized

CHEMICAL rOMPOSITION

ILadle Analysis - 9)

Carbon (eax.) 0.18 0.10 0.10
Manqanese 0.30 - 1.60 0.70 sin. 0.9 - 1.6

Ptotephorus (se.) 0.04 0.04 0.04
Sulphur (Ia..) 0.04 0.04 0.04
Silicon 0.10 sin. 0.10 - 0.sf 0.10 - 0.90
Chromium 0.20 max. 0.20 max. 0.20 man.
Nickel 0.40 max. 0.40 ma". 0.40 mae.
Molybdanh 0.09 max. 0.00 max. 0.05 max.
Copper 0.3S max. 0.3 max. 0.39 max.

TitaniAm
Vana&lim 0.03 - 0.10 0.10 max. 0.10 ma.
Aluminumh 0.01S sin. 0.39 max. 0.00 max.
*ftlhmrC 0.01 - 0.0S Nb 0.0S max. Mb 0.09 max. lb

Ultimate PJ/IQlM i(m) so - 63 111 - 90) 41 - 54 (SO - 77) 45 - Go (64 a 0s)
Yield (mIn.)IG/M

2 
(WSA 36 (51) 27 (38.5) 32 (49.9)

Blnqatlon join.) % in 21 22 22

S .65 jpW'i (IN) or as
noted IA-area of op.)

CHARPY V-NOTCH IMPACT
TEST
Temperature C -40 -40 -40
Enerqy. KG-N (FT-LBS 3.47 2S) Longitudinal 2.7S (201 ionqltudinal 3.16 (23) Longitudinal

__2.0 (141 Transverse 2.24 (16) Tranaverse

BUT TEMPERATURE *C

DYNAMIC TEAR ENERGY
IN lO-N I rT-La) AT 24-C
FOR 16 M Il/0 IN)
THICK SPECIMEN

ABR5ASION RSISTANCS AS
BRINELL HARDNESS 140 - 11 330 - 13 32S - 170

Moderate preheat for Moderate preheat for moderate preheat Fhr
Rp LIRS9I I 0LnW AND welding. Low-hydroge welding. tow-hydroqen welding. Ito-hydrogen
FABRICATIIN TE.HNIQUS practice. Normal forminq practice. Normal forming practice. Normal forming

6 cuttinq practice. a cutting practice. c cutting practice.

PEIATIVK I* '3ST r ACIrT 1.41 1.41 1.43
I tasfol , ADS (r4,4 A)

7""
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TABLL B1-3.3 (Conitinued)

PROPERTIES OIF STIERlS agD FoR IC1I-SRENGTHENEfD _SHPS

STEEL TIPS L GRADE Norshe Vp. itae Novar~k. Ver.. Sureau VeytIt.
________________ HS Gr. NVE36 1WFS Gr. W140S HIS Gr. E1I32

Ope-harh.bakcoxy.Jen, Openht. b _l-yqgn Open-hearth, hasi~-osygen.
PROCESS OF MANUFACTURE or electrlc-furnae ,, r elet cfunt leIc-furnr., ar Any

pr-c.. pr-418. equivalent aptrova by the

DEONIDATION Fully killed Flly 6111.-I flled, fin. grain

HEAT TREATMENT Norsalized ___ or" llzed oreelized

"INMICAL COMPOS IT ION
ILlle Analysis -A

Carbo n (max.) 0.18 1.18 0.18
Flellqanese 0.9 -. 60.09 - 1.6 0.119 - 1.60
Phosphorue (.A..) 0.0 ;.140.1
Sulphur (I.). 0.04 0.114 0nI
SIlicon 0.10 - 01.50 0.10 - 0.50 11.101 0.1
rhro.I-1- 0.20 n.0.20 ca.0.: V a,
Nt kel1 0.40 .. 040 :,a.. 0.41m.
Pilybdentan 0.08 max. 0.0 on ma 0.081a.
Copper 0.35 max.. 0.3S a. 115c.

VanalI."" 0.10me 0.10 C:a,:. 00 C

Ale.woha 0:.8 c 0.0 "a. 0.015 - 0.06*
(or her.a 0.05 max. Mb. 0.0s max. IS, 0.05 na.. IS.

TENSILE REQUIREMWENTS
lUltiCste, RG/H2 (1811 50 - 6) (71 -90) S4 - 66 (77 -941 45 - 60 (64 - 85
STill tmln.WEG/MM

2 
IESI1 16 JIM 4n1 (S7) 32 (15.',

Eloinqatlon (mln;.*AI 21 20 20
5.6 ,'~ !1nora

nolelI (A-area If ape.)

CHARPY V-NOYPCN IMPACT
TEST
Tamperaur. *C -40 -4n -40
Energy. py;-1 (FT-La) 3.47 12S) Longitudil 4.0 (29) Longitudinal ).16 (23) Lonqltollinal

2.45 JIB) Transverse 2.65 (19) Transverae

NOT? TEMPERCTIR9 -C

nYNHAlF1 F TEAR0 ViROY
IN W.-N (F111 AT 24-,

THICK SPECIMEN

ARRASIIIN RESISTANCE AS 140 - 1111 151l - 190 12% - 110

911INFII IAWIIESS

N.,.eral preeat or Odral. preoheat P, ooeae eee-o

R 'FlpFI0tWK1Jl. ANIR) .. lIrq l-hy-ir.n .. llnq. I-hydrnqen weldilnq. to.-bydvoqen
FAH"I'. rIN TO;INNIJIPS 1.1.1f Ie. F&,,mal f..rmlnq prctie. Fk,raal forming prael lee. wtPomal forming

6 rutting PTrctie. 6. eulrnq Fm,IT e ar. iIIII -ii ad rice.

61IATIVI:.; lATIR) 1.41 1.41 1.41
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TAK 6-3.3 1coetinaed)

P§OWISS OW SPINAS US=n FOR ICUI-3IONGINEHZD SHIPS

11010. 11" a am= DcWea Ver Its* -in HER
__________M Ge_ 116. SE $IPS Gr. Rf232 HTS Gr. K8536

alpes-Near t" baa ic-aygo . Open-h~arth. hasic-oxygen, Open-hearth. hasic-oxygean.
SW or mawFWI(u" elect. 14-furnace. ot ayp lectric-lunace electric-furnace

equivalent approved by the process, or other approved process, or other approved
____________ _ aeft,1L bY the society by the society

5000106Y00 Killed. fie grain Killed Killed

HOW? ?AYWE Worealised tormalised Normalized _____

COMICAL "0114 rIW
4 Ladl 1 Aalysis - %W

Carbon eax.$ 0.18 0.18 0.18
Manganese 6.90 - I.6 0.n 1.t,0 0.91 - 1.60
Phosphoru (e9~ 0.0 004 .0Suli*.ur .e 0.0 0:.04 0040
StIicon 0.10 - 0.50 0.10 - 0.S0 0.10 - 1.50
Chromeium 0.20 eec. 0.20) se. 0.20 eax.
Nickel 0.40 eac. 0.40 ac. 0.40 max.
M, I yh.Ienu. 0.09 sax. 0.00 secx. 0. 00 ee".
00o4"Ir 0.15 mac. 0.35 max. 0.35 er.

AI.wainm 5.1S- 0.60.015 sin. 0.015 sin.

Ultimate jKG/MN
2 

(ff811 s0 - 61 (71- 90) 43 - fi 60 63 - 63 0 . (71- 901
V1iel1 ImIn.;NG/9114

2 
(ff51 16 ('511 32 (4S.51 36 (ill

91onqetton (IM.) % in 20 22 21
5.65 I'K O (SI or 4c
noted (A-area of spe.)

CHARPY V.167TC IMPACT
TEST
Temperature C -40 -40 V
Energy, KG-N frT-LBI 3.5 (25) Longitudinal 3.2 (231 Longitudinal 3.A (251 Longitudinal

_____2.1 (17) Transvere 2.S (181 Transverse

NOT TOMPSOATIIII -C

IIYNANIC TEAR KRC_.T__
IN KG-N fVI-LSI 6T 24-C
Fun0 (6 ON (S/8 IN)
THICK SPEC (NU

553R51ION PBSISIANCE AS 140 -8 1N1(S-1 (70 140 ltt
531N7U' HARDNEUSS

Wnlorato preheat for Mode~rate preheat tow Moderate reheat for
3E'jIIl ED WUIDIIN APO) welding. Ln-hyIrogsn welding. Uot.-hyIroqen vldlnq. tn-hyIr-qen
PAMP T 'M N 1KCNI)I. prac.tice. $&,real forming practice. Normal (..rming (.ratirce. Normal forming

&,,, cuttinge praci'e. 6 Cutting practi.-.. 6 cuttIng pra.-tI.

644--1 *~ AM)r 14,11- A$
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TABLE B-3.3 (Continued)

PROPERTIES Or~ STIA USED FOR ICB-SRENOYHIN3 SNIPS

STEEL TYPE A GRADS German. Lloyd German. U oyd ASTM-A633
NYS Gc. 332 WE5 Gr. 536 Gr. C
Open-hearth, baseic-oaygen * Open-hearth, beaic-omygen. * pen-hearth, baheic-oxygen.

P~t~ES ~MANP6CUR e~ctr'-ornc. aor y *1.tric-turnoce. of -ny of electric-furnace
equivalent Approved by the equivalent approved by the process

-______________ ,-society society________

DOOlDATIOM Killed Killed Fine grain practice

INCA TRZ6ATIMNT Normalized -- Normalized Normalized

CHEMICAL COMPOSITION

Carbon (max.) 0.16 0.16 0.20
1oenglinaa 0.90 - 1.60 0.90 - 1.6.0 1.15 - 1.50

P .hro. ieae.) 0.04 0.04 0.04
Slllhur Ieee.) 0.04 0.04 0.0s
Silicon 0.10 - 0.50 0.10 - 0.50 0.15 -0.50
Cf:r.ml.. 0.20 was. 0.20 max.
Nackel 0.40 me.. 0.40 max.

-. molybdenum 0.06 max. 0.06 max.
Coupe. 0.35 ma.. 0.35 max.
Titanium
Vanadium.
Alminon 0.02 -0.117 0.0s - 0.10
iitliers 0.02 - 0.07 0.01 - .05 Co

0.02 - 0.05 Nb
Note:

TENSILE 65eVA3&nsTBmr
Ultimate XGo,,

2 (xlI) 46 - Go (60 -as) S0 - 61 (71 90) 49 -63 (70 -90)

Yield IwIn.)EC/M6
2 
(151l 32 (45.5) 36 (51) 35 (S0)

Elongation lain.) %Iin 22 al 23
5.65 11M 41IN) or as In Sl Hil (2 1)
noted IA-area of ape.)

CHARPY V-NC7TCN IMPACT
TEST
?emperatore *C -40 -40 -46
Energy, ItO-N ITt-La) 3.2 (23) Longitudinal 3.5 (25) Longitudinal 3.5 (25) Longitudinal

2.4 417) Tranevereet 2.2 (16) Transverse 2.A.J(201 Transverse

MiyT TEMPERATURE *(C -57 aver.

DYNAMIr TRAP INERGY
I" WO-M I PT-LRI A? 24-C
rim IF, MnH I / IN)
THIR SPECIME:N

: RASION RESISTANCE AS 13S 170 140 lei6 137 lei6
66III.I. HARIPMENSI

Moderate0 preheat for. Roderatm preheat foir ModIerate preheat for
*RELVINI~r, WEIWlINr; ANDI e.11nul. I-hydr-len welding. tiit-hydrnen iteldinql. Ijorhydrroqen

rAPAhI"ATI:IN ITCHIN1gIIS ":I s Mores)l Por. practi.e. Mormoal forming practice. 11mrsal forminq
and cutting prN'Itiv)e. and c'utting pra.:tice. L .,uttin'l Practi~e.

REL:ATIVE ". cC? tA1Ir 1.1 .4 1.43
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TABLE B-3.3 (Continued)

PIR5tlflS Or SMELS US=5 FOR lCB-UTFMOTNVMNSH IPS

STRZL 7355 4 GNAD9 £0fII-AA7 has tow - Tamp. ADS In. - Yesp.
_____________ G. A or. V-039 Or. V-051

Open-hearth, hagSIC-OXY9801, Open-hearth,* hasic-asYqen * Open-hearth,* hat c-oxyqan.
PROCESS Or PAAFAC1RS or ekectric-urmace at electric-furnace or electric-furnace

procoe process process

OSOSIOAIOM rise grain practice rine groin practice Pin. voaie practice

NEAT tpzAIEM ~ Quenched a tareted Noralized Normalized

CHMICAL COPOIION

(Ladle Analysis 5

Carbon lmax.) 0.14 0.20 0.1£
Manganese 0.90 - I.S0 0.90 - 1.35 1.15 - 1.50
Ph~osphorus (max.) 0.04 0.04 0.04
Sulphur lose.) 0.05 0.04 0.04
Silicon 0.15 - 0.50 0.10 - 0.35 0.10 - 0.35
chromim 0.25 max. 0.25 max.
"I ckel0.0m.0.0a.

Copper 0.20 - 0.3s. 0.35 ae.015me
Titanium
Vanadium 0.10 max. 0.10 man.
Aluinum 0.06S max. 0.004s man.
Others 0.0% wax. (5, 0.0s mae. Cb

Notes. *When specified

YMILR i
ultimata NG/gUI (553) 49 - 63 (70 - 90) 41 - A (So go I0 At 6 3 (Sol- 90)
yield (ain.)O/mU

3 
(1131 3 1 (50s2 (361 25 (1£i)

clonqatlon loin.) % in 22 22 22
5.05 - ifb IIN) or as In Sl M (2 IN)
noted (A-area of ape.)

CMASt V-NOICN IMPACT purchaser spec.

Temperature *C -73 -39 -sI
Energy. SO-N1 IPT-LSI 2.0 (20) Longitudinal 3.5 (25) Longitudinal 3.S (2S) Longitudlinal

_____________ 2.0 4141 Transverse 2.3 417) Transverse 2.3 (17l Transverse

ND? TIPSMATIM1 *C 42 aver. -S7 ever. -S7 aver.

DYNIAMIC tEul MO!
IN MG-14 (ft-LU) AT 24-C
PON IA 141 (5/I IN)

ABRASION RESISTANCE AS 130 101 ItO0 101 lie INS

controlled welding Preheat required, if Preheat required. If
alSolE MEIA)INSI AMr process. Moderate ambilent tamp. helow 0*C ambient temp. Waow. W*
rAsnICATION 'TWeNIgUIRS prha.Lnw-hydroqan Low-hydrogen practice.. low-hydrogen practice.

practc. normal forming Selected electrodes. selected electrodIe*.
c utting practice. Normal forming &cutting Normal f..rainI a cutting

__ pact~e ___ irwtico

RP.AtIVS '4)51 VACMIR 1.4A 1. 46 1.46
lftagfo- M, 5115 I~rodn A)
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TABLE B-3.3 (Continued)

FopeSritIs or #s3SLS USED PON ICE-TU amNNS SHIPS

MTEL Type A GRADM ASI-W6e ASVST6 141-6711
_________or. a or. 9 Or. C

Open-hearth. baetc-omygan. open-hsarth, baslc-omy,,en Open-hearth. hesic-omygon.
PaROCESS OF MANUFACTURE or electric-furnace or olectrlc-turnac. or slectric-urnace

process process process

DROMIATION Fine grain practice Fin, grain practice Pine grain practice

NUT? TREATMENT Quench"d & temered Normall aed- Quenched & tommered

CHEMICAL COMPOSIION
ILadle Analysis -5

Carbon I~s.) 0.20 0.22 0.22
Manganese 0.70 - 1.30 1.15 - 1.00 1.00 - 1.60
phosphorus tose.) 0.04 0.04 0.04
Sulphur less.) 0.00 0.0S 0.05
silicon 0.115 - 0.50 0.15 - 0.50 0.20 - 0.%0
Chrnelps 0.25 sell. 0.2s man.
N"Ak.l 0.25 max. 0.2% em.
NDoV l - urm 0.05 max. 0.00 ama.
copper 0.20 - 0.35- 0.20 -0.11*
Titanium
Voaadi. 0.04 -0.11

rath.r 0.01 -0.03 Nitroste

Notes, -Whfen specified -Doubt* nowmalised *Uhen specifisd
Above 76 MR (1 10N1.

?SMIlLE low UUW Por InMM 11.5 IN) lmcl.
ultimate NG/0

2 
(551) S6 - 70 (60 100O) 56 - 70 (00 - t0o) 63 - 77 (6-110)

Vield Iln.IKG/944
2 
4KS!I 42 f60) 42 (60) 49 (701

Elongation loin.) 0 in 22 23 19
5.65 i ME (INt or as in 51 M5 1 2 ti in St MR (2 MAI in St M (2 1W)1
noted 4A-area of ape.)

CHAPPY V-NOTCM IMPACT Purchaser apace. Purchaser Spae.
TEST
Temprature *C -73 -40 -73
£r"wry. l(O-1 (PT-LO) 2.0 (14) Longitudinal 3.5 12s) Lonqitodbosi 2.6 (26) 1.omgitu.Ainal

t_____ .4 (10) Transverse 2.8 (20) Transverse 2.0 114) Transverse

WIT ISNPSRATUNSt -C -57 aver. -46 &vsr. -73 to -66

DYNMICl' CAN EERG

114 M-N (FT-LU1) AT 24-C

ASNAS10W NES15TAW.E AS I59 - 202 1"9 - 202 101 -221
6111M191.. MANOWESS

Coot rolle d v.1 d1ng Control10 lel-lin11g Control led welding
REQ1110) MWI~NG. AND process0. Moderate process. Moderate process with presheating.
PARNIvATI'm ?ftrMMlUE preheat. Low-hbdrogen preheat. *lne-hydrogen Uiwhydrogef practice.

pratoti!*. Normalt forsingq practice. Normal forming Sele.rted electrdte.
16 nUttinq Practice. and cutting practice. Normal forming a cuttiog

"RIATIVF1.1 F all. .4 1.40 .0
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TABLE 0-3.3 (Coutinued)
PSONEETIES or 31333. USRN OR ca-SR0GNSED SNIPS

STEEL 31 TYP 66RAD 6SN-A37 ASTN-A737 CG-AS37
Clan 2 St. R Or. NS
Open-hearth,* hsic-oxygqn Open-hearth, b eeic-oxeyqn. Open-hearth, bahsic-osygen.

PSS Or MAIRIWACIURK or electric-furnace or qlectric-furnace as electric-furnace
process Process process

OCOXIDATION fine grain practice Killed, fine grain practic4

HEAT TRZAIUin Quenched &tempered normal ized Quenched a temered

CHEMICAL "OPOSITION

Ladle Analysie-sI

Carbon (ma..) 0.24 0.22 0.16
Nanqmnee 0.70 - .3 .10 - 3.00 0.90 - 3.00
Phosphorus Isar.) 03 00 0.35
Sulphur Ieec.) 0.0"a 0.030, 0.040
Silicon 0.30 - 0.110 0.10 - 0.1%6 0.30 - 11.30
Chroaeu 0.20 max . 0.2S am.
Nickel 0.20 Max. 0.20 am.
(6.lyhblenum 0. 00 a"n. 0.06 am.
Copper 0.10 wax. 0.10S max.
Titanium
Vanadium
Al~uminum
Othere 

0 . 0 k . r

Patent

TENSILE. F3IRUSY
ultimate mFAIM2 (Roll 0o - 70 430 1 001 49 - 63 (70 -90) 49 -63 (70 SO I0
Yield taij.)33Q/Mg2 (3331 42 (40) 35 (S0) 30 (S0)
Elanqation fan.) S in 22 23 22

0.&S *'MM fIN$ or as in 01 HN (2 IN) In 03 (2 IN) in 5 13 (2 IN)
noted (A-area of eWe. I

CHAN"Y V-MVTCN IMPACT
1351
Temperature -C -60 -46 -03
Smrqy. SO-N (PT-LU) 2.3 (IS) Longitudinal 3.0 (25) Longitudinal 2.8 (20) Transvere

________ ~~~2.0 (20)_ranverse ____________

Nf)T TRMPEEATURZ *C -02 to -03 -62 aver.

DYNAMIC 1366 CHROY
IN W.-N (P1-3.5) AT 24-C
roN 16 Hi (S/@n IN) 76 (000)
THICK SPECIMEN

ABRASIN R3RISTAMCR AS
80PINKLI. INKINIESS I"0 - 202 137 - W6 133 - Hit

Controlled wlding Nodereta preheat for Controlled welding
P33iRpen NWFIr AiM procees. moderate wolilinq. Low-hydroqgea proces. moderate
FABRICATION T1riI3UES preheat. tow-hydroqen practice. Normal forming preheat. tow-hydroqen

practIre. normal fnrmlnq & cutting practice, practice. WNol forming
lb ruttinq jwrtie-. 4 cutting practice.

PIATIVE "'PST VAr"1 3.3 .03 3.02
* Su,-3 * ASS ';,adle A)
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TABLE 0-3.3 (Continved)

reaSRIRU or EEM1. U52D FOM ICU-3TR X11uD SHIP$

SUt. 1633 GRADS ARTN-A7o my-so HI-100
Or. A-Class 2 NIL-2-16216N 111L-1-1621611
Open-hearth. * asic-oayqen, *open-hearth ' besic-oxyqen * Open-hearth.* hoesi-asyqen.

POS OrF AIRWACI or electric-tumace or olectric-turna, or elctic-furnace
process process p.!ocst

O6OIIDA?too Killed, tine grain iwacticf

OlAY TAAIIW giQentched A tempered Quenched & tempered Quenched 6 tesrpered

C ICAL cUohIIOWp
IL&ale analysis - SO

Carbon (man.l1 0.07 0.10 0.20
Manganese 0.40 - 0.70 0.10 - 0.40 0.10 - 0.40
Phosphorus aas.l 0.02S 0.02S 0.ft25
sulphur sea.) 0.02S 0.02S 0.02S
StI icon 0.40 mex. 0.15 - 0.3s 0.1% - G.35

0hoiu .40 - 0.90 1.60 - 1.410 1.00 - 1.50
Nickel 0.70 - 1.00 2.00 - 3.25 2.25 - I.50
Molybdenum 0.1% - 0.25 0.20 - 0.". 0.201 - 0.G0
Copper 1.00 - 1.30 0.25 sam. 0.2S sea.
Tianium 0.02 mee. 0.02 sm".
Vanadlium 0.03 sex. 0.01 VAX.
Aluinum
others 0.02 min. ft

Pkts

YUMILs IR nt For 25.4 M Is INl Inc.
ultimate R2/U2 (tail) 60 less 70 (1001 sin. of Ills) sin.
Vield lein.IKG/15

2 
4351 53 (751 S6 14101 70 11001

Elaqtl 's50. in 20 20IN
5.65 ati'U (I5 o as s MN (2 IN) In Sl SW (2 to) in is MW 42 100)
noted (Abreaoo me pe.lI

CHAR" V-tC IlPSCY

Ieprotor* SIC 462 494 -54
Use0rS?. X0-N Ift-Lol 6.9 (SO) Longitudinal 6.9 ISO1 6.9 (51

_________________ 4.6 13111 YreNar6 ____________

MT? IMPRAWR -C -73 ever. -107 avor.

4 DYNAMIC III5 Minims
10 N- It- (PY-Lel A? 24C
FORk 16 MW ISM in) 140 (I012
TNICK SPIC in"

ARASIINISiMIA*3 AS 201 231
DRINS1L1 11010101981 170

Little or no preheat Careful control of Careful control of
Bolt 0R1) lKIR~NW: ANRD requiresstS fur "0ldinq. welding lWoress. Costly weldinq process. Costly
FAnpr T own Tarnplgi35 $",Ji electrodeos. electrolne. Aditinnal electrode@. AdViioal

Plates can he fabricated forming power. Plate temp. fresing serwer. Plat* tomp.
In the es-rolled I'M~ii i 140n forhes tting not for flee.. V~ttimlg .t

balom 10lC. belo~ IMC.

No~e n. ANS 144d.n A) .111 1.21
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APPEN~DIX B-4

TABULAR WEIGHT AND COST DATA
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TAKtE 6-4.
TYPICAL NlSOV PANEL WEIGHTS & COSTS - POLAR STAR (Panel Height - 8.5 ft)

STIFF. P.TG. STIFF. STIFFENER 1 CHG. 11 CHG.
CLASS SPCG. TIK. S.M. SIZE IIGT. COST

ABS4A.C; Lloyds 3; DRY ICE C;

BY Ill; USSR A3,4: PRC SIll 26 0.40 6 5" x 3-1/2" x 1/4" L 00 o0
USSR A2; PRC iI1; BY II 26 0.45 6 5" x 3-1/2" x 1/4" L 10.4 10.4
ADS IC 26 0.50 6 S" x 3-1/2" x 1/4" L 20.9 20.9

ASS B; Lloyds 2 26 0.55 6 5" x 3-1/?" x 1/4" L 31.3 31.3
ASS Is; NKK S.C 26 0.70 6 5" x 3-1/2" x 1/4" L 62.6 62.6
ASPPR I; AS IA 26 0.75 22 8" x 4" x 1/2" L 102.7 102.7

A8S IAA 26 1.00 22 8" x4" x 112" L 136.9 136.9

ASPPR 2 26 1.55 87 13-3/4" x 8" x 48# I-T 301.3 301.3
ASPP8 4 26 2.00 145 16-3/8" x 10-1/4" x 670 I-T 423.1 423.1

ASPPR 7 26 2.25 IRA 21-1/4" x 8-1/4" x 730 I-T 496.9 496.9

ASPPR 10 26 2.35 208 21-3/8" x 8-3/8" x 830 I-T 533.9 533.9

ASPPR I 16 0.60 15 7" x 4" x 3/8" L 77.1 77.9
FlICK A 16 0.80 15 7" x 4" x 3/8" L 118.8 120.0

ASPPR 2; NKK AA 16 0.90 30 8" x 6" x 11/2" L 175.8 177.6

WOIl Icebreaker 16 1.10 30 9" x 4" x 112" L 211.0 '213.1

DRV Arctic Icebreaker 16 1.45 30 9" x 4" x 112" L 284.0 286.8
ASPPR 2 16 0.95 54 12-1/2" x 6-1/2" x 351 I-T 190.0 191.9

ASPPR 4 16 1.25 90 13-7/8" x 8" x 539 I-T 300.5 303.5
ASPPR 7 16 1.411 116 14" x 10" x 680 I-T 365.6 369.3

ASPPR 10 16 1.45 129 IR-1/4" x 7-1/2" x 609 I-T 370.3 374.0

ARS A. Lloyds 1; USSR A] ;v I ;
PRC B 13 0.50 6 4" x 3-1/2" x 3/8" L 47.2 48.1
lloyds ]*. PRC RI" 13 0.55 6 5" x 3-1/2" x 1/4" L 47.6 46.6

BV I-Sulx-r 13 1.25 6 5" x 3" x 1/4" L 192.0 195.8
II55P 6'. 13 0.55 10 6" 4" 5/16" . 63.4 64.7

TABLE 8-4.2

TYPICAL NIOSOCY PANEL WEIGHTS i COSTS - NV ARCTIC (Panel Height 27 ft)

STIFF. PLTG. STIFF. STIFFENER i CHG. I CHG.
CLASS SICG. THCK. S.M. SIZE WGT. COST

A"S Al. C, IC; Lloyds 2. 3;
CI ICE C; BV III; USSR A3. A4;
NKiK C; PRC SIll 33 0.67 117 18-1/8" x 7-1/2" x 550 I-T 00 00

By 1i1 USSR A2; PRC 811 33 0.75 117 18-1/8" x 7-1/2" x S5 I-T 7.8 7.8

ASS , IB; NICK 33 0.90 117 18-1/8" x 7-1/2" x 55 I-T 22.3 22.3

ASPPR 1 33 1.00 117 18-1/8" x 7-1/2" x 559 I-T 32.1 32.1

AS IA 33 1.05 117 16-1/8" x 7-1/2" x SSf I-T 36.9 36.9

ABS IRA 33 1.15 122 18-1/8" x 7-1/2" x 55 I-T 46.6 46.6

ASPPR 2 33 1.60 260 24-1/4" x 9-1/8" x 940 I-T 115.8 115.8
ASPPR 4 33 2.25 530 33-1/4" x 11-1/2" x 141f I-T 211.0 211.0

ASPPR 7 33 2.70 750 36-3/6" x 12-1/8" x 1829 1-T 282.3 282.3

ASPPR 10 33 3.00 950 35-7/8" x 16-1/2" x 230 I-T 334.6 334.6
CRY Icebreaker 20 0.70 1161 T-52" x I" Web, 290.6 299.4

11-1/2" x 1-1/4" Fig.

DRY Arctic Icebreaker 20 1.00 1451 T-52" x I" Web. 347.7 358.2
11-1/2" x 1-3/4" Fig.

ASPPR 1 17 0.50 50 12" x 9" x 15.39 Fig. Pit. - 7.2 - 5.3

USSR 62 17 0.85 80 13-5/8" x 8" x 430 I-T 38.1 38.9

NKK A 17 0.95 90 16-1/4" x 7-1/8" x 500 I-T 48.4 49.4

Lloyds 1 17 0.67 117 I15" x 8" x 30.60 Fig. Pit. 60.5 61.7

Lloyds Il 17 0.75 117 15" x 8" x 30.60 Fig. Pit. 68.3 69.7

PlC SI' BY I 17 0.80 117i 18-1/4" x 7-1/2" x 601 I-T 51.3 52.3

IMS A; USSR YA, PiC SI" 17 0.85 117 18-1/4" x 7-1/2" x 60 I-T 56.2 57.3

BY I-Super 17 1.20 117 18-1/8" x 7-1/2" x 5S9 I-T 84.3 86.0

S ASPPR 2 17 0.80 130 18" x 8" x 25.59 Fig. Pit. 68.4 69.8
NICK AA 17 1.05 130 24" x 6" x 17.850 Fig. Pit. 76.1 77.6

A'PPR 4 17 i.15 266 T-IS" x I" Web. 0" x 2" Fig. 189.0 196.6

A,PPR 7 17 1.3S 376 T-20" x I" Web, 8" x 2" Fig. 237.0 246.6 .
A'PO 10 17 1.50 476 T-22" x I" Web. 8" 2-1/4" 274.5 28S.j
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TMLE 0-4. 3
TVPICAL KNDO PANEL HEIGHTS & COSTS - ARCTIC TAKEN (Panel Height * 7.5 ft)

STIFF. PLtG. STIFF. STIFFENER % CHG. I CHG.
CLASS SS. TICK. S.N. SIZE MGT. COST

ASS #1, B. C, IS. IC; Lloyds 2. 3;
O ICE C' PR II, I11; USSR A2. A3.

W A4;IKKC;P lUlC 40 1.06 38 10-12" x S-3/4" x 3091-T 00 0

,,, 1 40 1.10 30 10-1/2" x S-3/4* x 30 i-T 4.2 4.

IlC Il 40 I.1S 38 10-112" x 6-3/4" x 309 I-T 4.3 8.3

ASS LA; Aso 1 40 1.20 38 10-1/2" u S-3/4" x 30 1-T 12.S 12.S

A$S ila 40 1.35 38 10-1/2" x S-3/4" x 309 I-T 2S.0 26.0

ASR 2 40 2.3S 106 18" x 6" x 20.49 Fig. Pit. 119.9 119.9

ASMI 4 40 3.06 17S 21" x 6-1/4" x 62f I-T 181.9 181.9

ASM 7 40 3.45 226 23-71/8" x 9" x 76f 1-T 221.7 221.7

ASPi 10 40 3.65 2S2 24-1/8" x 9" x 840 I-T 246.2 246.2

I Icabrealer 28 2.SS 61 12" x 8" x 40 I-T 13S.S 136.9

ONY Arctic Icebreaker 26 3.60 77 16" x 3-3/6" x 409 C-L 228.7 231.0

ASPPR 1 20 1.06 13 8" x 4" x 13" I-T - 0.7 1.3

ASS A; Lloyds 1; OW I 20 1.06 38 12-1/4" a 6-1/2" x 261 I-T 11.2 11.4

Lloyds I; IV I-Super; MPC II.
Bit 20 1.26 38 12-1/4" x 6-1/2" x 269 I-T 27.9 28.S

USSR Al 20 I1.36 38 12-1/4" x 6-1/2" x 269 I-T 36.2 38.9

ASP9R 2 20 1.20 S3 9-1/8" x 7-1/2" x 300 T 36.5 37.2

WK A 20 1.20 66 14-1/8" x 6-3/4" x 360 I-T 32.9 33.6

ASPION 4 20 I.SO m 12" x 9" x 38 T 71.3 72.7

KlK M; USSR TA 20 1.30 18" x 6" x 20.49 Fig. Pit. 57.0 66.1

AS9 7 20 1.70 113 16-3/8! x 7-1/6' x s79 I-T 92.2 94.0

ASPP 10 20 1.80 127 21" x 6" x 20.49 Fig. Pit. 104.8 106.9
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REVIEW OF METHODS FOR DAMAGE ANALYSIS
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1. INTRODUCTION

The objective of this part of the study is to identify and review currently
available methods for analyzing ship damage; that is to determine the external
ice loads which caused the hull failure. A complete identification of such loads
acting normal to the shell plating requires knowledge of:

" the area of action

• the pressure distribution within this area.

These variables can be used to calculate the average pressure distribution and
the total load.

There is no method, within the state-of-the-art, which can be used to de-
termine the ice pressure distribution. Therefore, it is common to assume a uniform
pressure within the contact area. Nonetheless, the influence of pressure distribu-
tion is thought to have significant effects on the unevenness of load distribution
on the hull structure. The assumption of uniform pressure on a small plate panel
is, on the other hand, quite acceptable.

In most damage incidents, if not all of them, an analyst is bound to make
some assumptions as to how the damage occurred. Although simple damage analysis
techniques do not require elaborate data and It is often sufficient to have the
structural detail, knowledge of the damage circumstances is essential to the
understanding of such occurrences. For instance, in order to justify the damage
location, one should know the operating draft and trim of the ship, ice thickness,
type of ice,and possible physical description.

The review of damage analysis methods is divided into two sections: the
first is concerned with simple techniques which attempt to predict the uniform j
failure pressures without regard to how it occurred, while the second section is
devoted to proposing a more detailed approach to study ice damage.

*1

7
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2. SIMPLE METHODS

The simplest approach considers the failure of basic components of the hull
under uniform pressure. For instance, consider a long plate panel supported along
its four sides by frames and stringers and subjected to uniform lateral pressure.
The maximum pressure required to cause one of the following conditions can be
estimated:

- reach the elastic limit,

- cause one plastic hinge at the center,

o cause two plastic hinges at the supports,

* cause three plastic hinges, one at the center
and two at the supports,

- cause plate rupture due to membrane tension, etc.

Therefore, the criterion of failure is important to define and various methods
will now be reviewed.

2.1 Elastic Method1
Considering the standard plate panel fixed at all edges and subjected to

uniform pressure over the entire plate, the maximum pressure for the stress at the
center of the support, not to exceed the elasticity limit, is given in any standard
elasticity handbook, e.g. [E-27]. as follows:

P = ia .*L

where a = the yield strength of the material (2400 kp/cm 2 for structural
Y steel = 35000 psi)

t = the plate thickness

s = the spacing between long edges or frames

a = is a coefficient = 0.5 for an aspect ratio > 2

*Therefore,

r p 2 ay 2cl

2.2 Elastic - Perfectly Plastic
I

The simplest method for damage analysis is the so-called plastic method
proposed by Johansson in 1967 [E-133. The method is based on the premise that a
permanent set does not occur until three plastic hinges develop; one at each
support and one at the center of the plate as shown in Figure D.la. The minimum
uniformly distributed pressure, p, required to satisfy this condition, is given

* by:
==t z  1

p 4 a 2  (C.2)
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FIGURE D. l

PLASTICITY METHOD FOR DAMAGE ANALYSIS

(a) Definition of Plate Calculations

p

(c) Definitions of Frame Calculations

C/2
C

(b) The Coefficient fd gives the

reduction in the plating stress,
because of the distributing effect
due to the limited vertical exten-
sion of the ice-pressure
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where p = the maximum pressure the plating can carry without onset of
plastic deformation, kp/cm2

a = the yield strength of the plate material, kp/cm 2 (=2400 kp/cm

Y for mild steel)

t = the plate thickness, mm

s = the frame spacing, mm

fd= a correction factor which accounts for frame spacing and is
given in Figure C.l(b).

The maximum pressure the frames can accommodate without plastic hinge formation,
Pl, is expressed by:

2000 W k.
P1=YP (C.3)

c.s.d. (a + c.d/2(

where w = the plastic section modulus, cm3 (which includes plate portion)
P
i = the span of the frame, m

c = the width of ice pressure, usually taken as maximum ice
thickness, mm

a & d are illustrated in Figure C.l(c)

For d = Z/2, the frame stresses will be maximum and the pressure reduces
to:

16000 a W

P 1 (2Z- c)(C.4)

Johansson used this method to determine the maximum pressure which would
* have caused hull damage for 200 ship damage cases. The damage pressure estimated

by this method is based on an assumed standard contact area extending over at
least two frame spacings and the full depth of ice assumed to be 800 mm.

The major criticism for this method is the fact that it does not take into
account in-plane tension or membrane effects of the plate.

2.3 Plastic Method with Membrane Effect

11 This method was proposed by Clarkson [E-6 I in 1956. It is applicable to
plate design and retains the influence of geometry changes and thus, takes into
account membrane forces and their effect on increasing the load carrying capacity.
Assuming uniformity, the pressure corresponding to one plastic hinge is given by:

p = 4.56 [a 1//E'/ (•  (C.5)

where E = the elastic modulus of the hull plate material and other variables
are previously defined.
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Archtarldes [E-l used the data reported by Johansson [E-13] to calculate
(t/s) and, then, used equation (C.5)toestimate ice pressures and propose different
design curves.

In fact, a direct comparison between equations (C.5) and (C.2) is not possible
because each one is based on different failure criterion. For the pressure to cause

* three plastic hinges with consideration of membrane effect, equation (C.5) should be
* corrected by approximately a factor of 2 to read:

p = 9.12 [a 4/3/EI/3] • (C.6)a

Rearranging ( .6)a obtain:

p = {4 o () •12.28V (# (E)2 (C.6)b

Comparing (C.6) with (C.2) for structural steel and sit 10 it appears that
consideration of membrane effects increases the pressure load capacity by approxi-
mately 11-12%. This ratio would increase for high strength steels as well as
higher spacing to thickness ratios. It is equally true that for thick steel with
closely spaced framing, the membrane effects will be negligible.

2.4 Empirical Pressure Distribution Method

This method is based on empirical grounds proposed by Kheysin [B-18]. He
suggests that due to the flexibility of the shell, ice pressure will be distributed
as illustrated in Figure C.2. The maximum load on transverse frames is:

P = qo a (C.7)

where q aI• h/2 a a ice crushing strength

h = thickness

3 E

a = 3.3 • A ; Es = elasticity of the hull steel

E. = elasticity of ice

= section moment of inertia of the stringer

= spacing between bulkheads

This method can be used to assess the pressure distribution that caused
damage if used in conjunction with a plastic failure criterion such as
Johansson's. We should write:

P = p1 • h • S (C.8)

where pt can be obtained from equation (C.4). By working back a, obtain qo and estimate
ac under actual conditions of interaction. However, it should be noted that the
method pertains to bulkheads and stringers in the middle body of a ship, and it
is not clear to us how this method can be applied to analysis of main frames with
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FIGURE C.2

ICE PRESSURES ON THE HULL

(a) Actual Pressure Distribution

Stringer

Bul kheadi

(b) Idealized Distribution

*-,BulI kheads
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proper account of pressure distribution effects. One possible way is to set

limits on the value of a in equation (C.7).

2.5 Plastic Energy Method

Plastic analysis procedure was developed by McDermott, et al CE 24] for
the analysis of tanker collision. Although the procedure, which is based on model
tests and inspection of collision damage, was never extended to ice damage, it is
potentially useful in this regard. The approach is based on the caz-ulation of
plastic energy components up to the incidence of hull rupture. This primarily in-
volves three phenomena producing plastic deformation: longitudinal plastic bending
of the stiffened hull plating, plastic membrane tension in the stiffened hull
Olating, and yield or buckling of the web frames (and/or swash bulkheads). Figure
C.3 shows the possible sequences of these three phenomena for a single hull ship

* while Figure C.4 is concerned with a double hull ship. The authors suggested that
most of the energy absorbed in collision (67 to 90%) is due to membrane tension in
the stiffened hull. Therefore, damage is expected to initiate where less energy
is required, e.g. bend and buckle stiffeners. The latter would enhance plate de-
formation through a loss of support and ultimately lead to shell failure. This

.* scenario can be supported by the nature of damage due to ice observed on the
MV ARCTIC.

Unfortunately, the formulas provided by McDermott,et al are only applicable
to concentrated line load (due to ship incursion into another) and it is not suit-
able for any damage analysis due to ice. Attempts to test his method in case of
ice damage proved it to produce unrealistic estimates of ice pressures and tremen-
dous loads which can only exist in ship collision situations.

Nonetheless, his approach is one step ahead as he incorporates the effects
of in-plane membrane effects. This leads to a higher hull loading capacity and
within the context of damage analysis should produce higher ice pressure estimates.

Further development of plastic damage analysis procedures along these lines
is highly recommended.

2.6 Case Study

The foregoing discussion is limited to one approach to the problem which
* uses the revere of design criteria. It is capable only of suggesting what uniform

pressure applied in a prescribed fashion on the hull plating would have caused
structural failure. However, it remains the simplest and it can lead to some

" explanation of failure incidents.

To illustrate this, let us examine the damage inflicted by ice on the
MV ARCTIC and attempt to predict ice pressures in accordance with the methods
described in this section.

The damage is described by Laskey [G-11] and reproduced in the sketch
* shown in Figure C.5. The following details may be used:

t = 1.063"

S = 12.0" (for intermediate frames)

w = 94.7 in3
p
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FIGURE C.3

FLOW DIAGRAM FOR SIDE-COLLISION PLASTIC-ENERGY
ANALYSIS OF SINGLE-HULL SHIP
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FIGURE C.4

FLOW DIAGRAM FOR SIDE-COLLISION PLASTIC-ENERGY
ANALYSIS OF A DOUBLE-HULL SHIP
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FIGURE C.5

SKETCH OF DAMAGE TO THE BOW OF MV ARCTIC
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2, - 48"

a Y = 35,000 psi

!..fd -= I

h = 40"

Obtain from equation (C.1)elastic method p = 549 psi (3.79 MPa)

(C.2)Johansson's (plate) 1099 psi (7.75 MPa)

(C.4) Johansson's (frames) 2019 psi (13.9 MPa)

(C.5) Clarkson's method 1327 psi (9.15 MPa)
[21% higher than Eq.(C.2)

Therefore, the ice pressure which can cause failure to the plates is 1327 psi
according to Clarkson while that required to cause frame damage, is 2019 psi.
These figures are well in excess of the maximum rule design pressure of 600 psi
set by ASPPR for Arctic Class 2 ships. While ice pressures of the order of 600 psi
would not cause any structural damage or permanent deformation, it is obvious that
the ship was subjected to an overload.

These results, obtained in comparison with the most conservative and mo,.t
comprehensive design rules, i.e. the Canadian ASPPR, raise some questions relating
to the adequacy of design pressures. However, it is essential to complete the
entire scenario which gave rise to such high pressure. It may, indeed, 1have been

* a collision case with a fairly low probability of occurrence.

This leads us to the brief introduction of an alternative approach which
is more detailed and it takes into consideration the scenario and circumstances
of damage incident.
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3. ALTERNATIVE APPROACH

This approach consists of several steps:

(1) Identify possible scenarios of interaction between ship and ice
feature as well as data on ice type, strength, size, shape, etc.

(2) Run a computer simulation of the interaction scenario with proper
*input data and variations of angle of impact, most probable speeds at the time of

impact, possible strengths of the ice, etc. The simulation should produce an
estimate of the ice impact load as well as the average ice pressure on the hull.
To the best of our knowledge there is one commerciallyavailable program at
ARCTEC CANADA Limited; another version has been developed by Melville Shipping

* Ltd. of Montreal for internal use. The most useful data which can be obtained
from this program are:

- the total impact load
- the average ice pressure

- the extent of contact of ice, i.e. shape
*1 and size of the area of contact

- where this area is located on the hull.

Several runs may be required to adjust the contact area with the damage location.
The availability of more definitive data on the damage circumstances would help
in providing a more realistic estimate of the load, pressure, and area of ice
contact. It should be noted that the order of magnitude of ice crushing strength
should be equivalent to estimates of ice pressure obtained by simple methods. For
further information on such simulation methods, reference may be made to papers
by Major, et al [B-26] and Noble, et al [B-36.

(3) Compare extent of ice load with the hull structural details and
determine boundaries of a segment of the structure to be modeled. These boundaries
should preferably be most rigid, e.g. bulkheads and floors. Establish necessary
boundary conditions.

(4) Prepare a finite element model of the structure (3D model is pre-
ferred but a 2D model with lumped stiffeners may be accepted). A simplified ship
structure seos.nt as modeled by the finite element method is shown in Figure C.6.
Apply exteral ice loads which have been determined earlier and estimate the"elastic" stresses and strains in various components. Output can be obtained with
aid of standard graphics such as principal stress contours in both the shell andL frames. Figure C.7 is an example of major principal stress contours in a typical
structure. Such stresses can be examined to determine whether or not elastic
limits were exceeded. This type of simple, inexpensive elastic finite element
solution can produce a fairly good idea about where damage would start. Examina-
tion of stress levels would indicate locations on the shell and frames which will
likely experience highest stresses. Some approximate correlations with the nature
of observed damage can be made at this stage. There are a number of commercially
available finite element programs which can be used for this purpose. To list

I a few:
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FIGURE C.6

SIMPLIFIED FINITE-ELEMENT MODEL FOR TYPICAL STRUCTURE

possible gauge
lo-cations

frame flange

- _frame web
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- NASTRAN

- ANSYS

- STARDYNE

- STRESS

- MARC

) All of these are available world-wide, and further information may be obtained
from major suppliers, such as Control Data, Multiple Access, or General Electric.

*(5) A more advanced and much more expensive step is to allow the hull
material to yield in accordance with a selected bilinear stress-strain relation-
ship. In this case, continuous updating of the stiffness matrix will be main-
tained to account for the yielding of plate or frame elements of the structure.
The cost of this updating is quite high, particularly if a complete solution is

S desired. For a moderate size model (say 500-1000 elements),consideration of
*T. plastic flow can easily increase the cost by ten-fold.

(6) A study of the influence of ice pressure distribution on the stress
distribution and possibilities of failure of the structure can be done by
arbitrarily structuring a stepped pressure distribution within the contact area
without altering average value or the total ice load. This technique has been
used successfully to analyze the structure of the CCGS LOUIS S. ST. LAURENT with
some interesting results as to the effect of pressure distribution. These results
are illustrated in Figure C.8.

The utilization of elastic solution may be satisfactory to the requirements
of damage analysis where the available data on the damage is sketchy. However,
more sophisticated evaluation using plastic yield of the material should be appro-
priate and is justified for situations where more accurate data is available on
the damage incident. In fact, a combination of both would be necessary since the
economic restraints could only allow one or two runs with plastic yielding in
addition to several elastic runs to select the loading conditions for these two.

To date, there has been no complete and documented utilization of the
procedure proposed herein. However, several studies have been conducted
to investigate stresses and strains in different hull structural components by
using FEM. The results appear to be quite informative and useful, suggesting that
using the FEM to conduct damage analysis can produce better insight into the nature
of stressing of the hull, under variable loading conditions. This can ultimately
lead to the understanding of how damage initiates and propagates within the struc-
ture and hence, to some informed guidelines for better design of hull structures
to withstand extreme ice load with minimal penalty on the weight and cost of the
ship.
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FIGURE C.8

EFFECT OF CHANGING PRESSURE DISTRIBUTION
ON STRESSES IN SHELL AND FRAMES

CASE #1 CASE 02 CASE #3

CASE #4 CASE #5
SCHEMATIC
DESCRIPTION OF
LOADED AREA I 1
AND PRESSURE
DISTRIBUTION

CASES
COMPARED CONDITTO'N STRESS CHANGE

1-2 Equal total loads, increased area, -35% plate
even distribution 0 frame

2-4 Equal total load, same area, +22% plate
changed distribution 4 3% frame

3-5 Equal total load, same area, +77% plate
changed distribution +15' frame

4-5 Equal central pressure, changed area, +51% plate
increased total +2240 frame
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