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APPENDIX A
MAXIMUM AND AVERAGE ICE CONDITIONS BY MONTH

A.1 Alaska

A.2 Canada

A.3 Antarctic

A.4 Great Lakes

A.5 Gulf of St. Lawrence
A.6 Baltic Sea

A.7 WMO Sea-Ice Nomenclature

Abbreviations used in this Appendix are as follows:

FY = first-year ice

MY = multi-year ice

I8 = iceberg, bergy bits, growlers, and any other fragments
IS = ice island or fragment therefrom

BI = 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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MAXIMUM ICE CONDITIONS, AUGUST
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APPENDIX A.3
ﬁ ANTARCTIC - MAXINUM AND AVERAGE ICE CONDITIONS BY MONTH
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ICE TERMS ARRANGED IN ALPHABETICAL ORDER

dge: Ridge which has undergone considerable weathering. These ridges
rest described as undulations.

ice: Submerged ice attached or anchored to the bottom, irrespective of
1ature 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.

yit: 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.
re: (see Floe).

An extensive crescent-shaped indentation in the Zce 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 hwmmock.

I+ The breaking away of a mass of ice from an <ce wall, ice front, or
3.

)ack 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
- ¥¢ 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
ek ice with distinctly different concentrations.
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Consolidated pack ice: Pack ice in which the concentratior 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 sgyueezed 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 <Zce 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 zce from the surfacehof 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 Zce 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 Zcebergs. 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 Zce shelf.

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

Fast-ice edge: The demarcation at any given time between fast 7ice 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, eact

floe thrusting "fingers" alternately over and under the other. Common in
nilas and grey ice.
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Firn: 01d 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
young ice; 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 1ice are lake 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 Zce 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 .cross.

Floeberg: A massive piece of sea ice composed of - huwmmock, 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,
eonsolidated 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,
eompact 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 submarine's track.
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Frost smoke: Fog-1ike 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.

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 streams, ice caps, ice
piedmonts, cirque glaciers, and various types of mountain (valley) glaciers.

Glacier berg: An irregularly shaped Zceberg.

Glacier ice: Ice in, or originating from, a glacier, whether on land or floating

on the sea as <cebergs, bergy bits, Or growlers.

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

Grease ice: A later stage of freezing than frazil Zce 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 7uwmmocks and lines (or chains) of grounded hwmmocks.

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 hwmmock.

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

Hummocking: The pressure process by which sea ice is forced into hwmmocks.
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.
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Iceberg tongue: A major accumulation of Zceberge projecting from the coast,
held in place by grounding and joined together by fast ice.

Ice blink: A whitish glare on lTow 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
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, unmovei 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 varying in height from 2-50 m or more above sea-
Tevel.

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.
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Ice Timit: 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 Zce 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 Zce field over 20 km across.

Lead: Any fracture or passage-way through sea Zce which is navigable
by surface vessels.

Level ice: Sea ice which is unaffected by deformation.

Light nilas: NiZlas 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: 0ld ice up to 3 m or more thick which has survived at least
two summers' melt. Hummocks 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
40°. Fragments are visible from the air.at Tow 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.

01d 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.

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 glush or as a result of the breaking of <ce 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. 1ts 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 eza ice is forced into ridges.
River ice: 1Ice 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: 7ld 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 producz:s a regular
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
tce 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.

Skylight: From the point of view of the submariner, thin places in the
iece 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 Zce 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.

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 <ceberg. 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 Zce 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: O to 50 m wide.

Very weathered ridge: Ridge with tops very rounded, slope of sides usually
20° - 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 30° to 40°. 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 ire, its width varying from a few meters up to 1€0-200 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

Abbreviations

FOR THREE REPRESENTATIVE SHIPS

used in this Appendix are as follows:

Mild steel

Higher strength steel

American Society for Testing and Materials
United States Coast Guard

American Bureau of Shipping

Lloyd's Register of Shipping (British)

Det Norske Veritas (Norwegian)

Bureau Veritas (French)

Nippon Kaiji Kyokoi (Japanese)
Germanisscher Lloyd (German)
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APPENDIX B-2
CALCULATED LOAD-CARRYING CAPABILITIES OF RESULTING
SCANTLINGS FOR THREE REPRESENTATIVE 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 ice strengthened structures
was calculated by the method used by Johansson [8-165 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

4o t?
P [psi] = ;1%—— (B-1)
d
where
o, = yield stress of the material [psi]
t = plating thickness [in]
s = frame spacing [in]

fﬁ 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:

160, [SM]
P =% (2i—< (8-2)

where

o and s are defined above
1 = frame span [ft]
e = extent of the load [in]
SM = section modulus of the frame and associated
plating [in®]

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

g
0.254 % [S.M. (8-3)

Then the normal load carrying capability is the load the plating or framing

will carry (P) over the pressure specified in the rules (Prule)‘

P [psi] =

Tl el e B Al




Ty —y

LA St AR T A S

TABLE 8-2.1
COMPARISOM OF ICE STRENGTHEMEO SCANTLINGS

IN TERMS OF NOHMALIZED LOAD CARRYING CAPABILITY

110

! POLAR STAR
FRAME SPAC. FRAME S.M.  PLATE THICK. »/P P P P/P,
. RULE CLASS AREA [in] {in?} Cin] Rule u' r Rule
- as +Al " Mid 25.8 5.8 0.40 MA 58 3 A
% Bow § Stern 5.8 5.8 0.42 MA 60 3 ™
- A 8 12.9 5.5 0.60 7.35 “") 66 2.00
- ] 12.9 5.8 0.50 5.58 307 66 2.00
- S 12.9 5.8 0.50 5.12 307 66 2.00
] [] 12.9 5.8 0.60 7.35 M) 66 2.00
# 25.8 5.8 0.53 1.75 9% n 1.00
S 25.8 5.8 0.46 1.20 12 3 1.00
¢ 8 12.9 5.1 0.50 5.12 307 58 1.76
M 25.8 5.8 0.40 1.00 13 N 1.00
s 25.8 5.8 0.42 1.00 60 ¥ 1.00
1A 8 25.8 51.4 1.26 .03 542 293 8.8
[ 2.8 2.5 0.9 5.73 s 153 4.64
S 25.8 19.6 0.83 3.92 235 nz 1.9
IA 8 25.8 46.8 1.24 8.75 525 267 8.09
] 25.9 21.5 0.86 4.60 253 122 .13
S 25.8 4.4 0.72 2.95 n 82 2.8
18 8 26.8 42.1 1.18 7.92 475 240 1.2
] 25.8 14.4 0.72 3.22 m 82 2.8
S 25.8 9.0 0.59 1.98 ne s1 1.58
ic [} 25.8 3.5 . 7.02 @1 2 6.9
" 5.8 1.5 0.54 1.82 100 Q 1.3
S 25.8 5.8 0.42 1.00 60 » 1.00
LLovn's 1* 8 12.9 5.8 1.25 N9 196 66 2.00
" 12.9 5.8 0.55 6.75 mn 66 2.00
] 12.9 5.8 0.55 6.18 m 66 2.00
| 8 12.9 5.8 0.52 5.53 [ 2.00
" 12.9 5.8 0.50 .50 307 % 2.00
H 12.9 5.8 0.50 5.12 07 ™M 2.00
2 » 12.9 5.8 0.52 5.53 32 “ 2.00
N 25.8 5.8 0.56 1.95 167 n 1.00
1 25.8 5.8 0.56 .78 07 » 1.00
3 ® 2.9 4.8 0.50 5.12 307 55 V.67
A ) 25.8 5.8 0.40 1.00 55 » 1.00
o S 25.8 5.8 0.42 1.00 60 3 1.00
v 1A Super
:‘ :: - Sale as ABS
N Ic
~ ASPPR ) ] 2.8 54.8 1.22 8.47 500 m (X )
" 21.9 0.77 3.67 202 128 .7
S 21.9 0.77 EN 1) 202 125 L
W [ 81.7 1.54 13.80 810 S0V 5.8
" $7.0 1.4 9.5 §25 325 9.0
[ n.2 1.39 n.00 660 W 12.30
2 8 LE1 1.08 20.12 1207 % 2.3
" 8.7 1.54 .70 009 01 15.10
] 109.6 .72 16.8) 1010 626 1W.9
3 ] 175.4 2.18 27.05 1623 00 3.3
" 16.2 .n 19.45 1070 %) 20.00
s 4.7 1.9 2.3 133 02 2.0
4 8 219.2 2.43 33.60 2016 s 3.9
" .7 .98 T 139 62 5.0
s 179.7 2.20 27.53 1652 06 N0
[ [ 263.0 2.66 0.7 2016 10 4.6
" 164.4 2.1 27.63 1520 m na
S 206.0 2. n. 1902 ne 8.8
7 1 306.9 2.88 a0 2 1252 53.00
" 186.3 2.4 e ml 1063 22.2
s 2%0.2 2.49 .28 amw Nne  »e
8 [} 328.9 2.% $0.53 3032 1877 %.8
" 208.2 2.9 34.07 1918 nes  %.00
s 263.0 2.66 .27 2406 1500  45.08
10 (] 328.8 2.98 50.53 032 17 5.0
" 208.2 2.9 .87 1918 1188 3%.00
S 263.0 2.66 .27 206 150)  45.08
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TABLE 8-2.1 (Continued)
COMPARISON OF ICE STRENGTHENED SCANTLINGS
IN TERMS OF NORMALIZED LOAD CARRYING CAPABILITY

-,
]
-,

aTd .,

e
N POLAR STAR
. FRAME SPAC. FRAME S.M.  PLATE THICK. F/P ’ » »rp
ML CASS AREA (1n) [in%) [1n] Me T oy e
oy ICE € 8 12.0 7.4 0.69 .02 661 [ 1] eLn
" 25.8 5.8 0.40 1.00 5 N Le
s 5.8 5.8 0.4 1.00 H N e
ICEBREAER B 16.3 215 1.8 '%7) 06 M\ s
“ 16.3 278 K1) 6.89 m M s
3 16.3 21§ %) "% 1] w m 1%
ARCTIC . 16.3 n.4 .79 16.42 908 m  se
1 " 16.3 N 1. 11.60 o M e
s 16.3 M4 . 16.42 s m e
1A
7]
i -—— Some as MBS
~ Glace 1-Supar B 2.9 a 1.2¢ 32.43 194 » e
VERITAS . 129 5.8 1.26 %.8 1946 % 1.0
s 12.9 H 1.26 2.8 194 » e
Glce ) » 12.9 8.7 .60 7.3 “ » 3.0
H 12.9 5.6 0.48 5.6 20 % 2.0
s 12,9 . 0.0 n ™ » e
Glacs2 8 2.9 s 0.60 2.35 “ » e
" 5.9 5.8 0.46 1.3 7 IR ")
s 7.8 . 0.46 1.2 7 3 1o
Glaced 8 12.9 . 0.50 5.2 07 s 1.7
" 5.8 5.8 0.40 1.00 55 7 1.0
s 5.8 5.8 0.2 1.00 60 n 0
1n
{: - Same as ABS
WSSIAN YA a 12.9 15.6 0.7 10.30 618 1”5
" 2.9 0.1 0.54 $.51 3% s e
s 12,9 101 0.54 5.97 358 s .
Al » 12.9 7.2 0.60 7.35 “ 82: 2.48
n 1209 6.3 0.50 5.68 307 7 28
$ 2.9 6.3 0.50 5.02 307 7 2w
A2 s 12.9 6.4 0.60 7.35 ! n an
" 2.8 5.3 0.46 K 2 3 e
s 258 A 0.46 .20 2 7w
A3 s 2.9 5. 0.5 5.12 307 8 1.7
" 8 S.8 0.40 1.00 55 3 1.00
s %8 5.8 0.42 1.00 0 N W
M . 15.5 5.8 0.50 3.58 2s % 1§
" 2.8 5.8 0.40 ).00 55 . Lo
s % 5.8 0.42 1.00 0 B o
M . 8.0 1.1 120 19.23 180 525 5.9
X - " 16.0 2.8 .82 n.1s 24 ® 1.6
- s 1.0 X 0.87 0.y 0 5% 15.91
s A . 16.0 ».1 100 13.70 822 M 0.4
g " 16.0 .7 0.79 9. 503 W s,
L s 16.0 3.9 0.87 10.17 &0 s 10.64
- ' ] 6.0 2.9 .01 1.7 822 2% .M
5 " 2.8 5.8 0.69 2.96 163 N\
4 s 16.0 %.0 0.63 5.13 120 2 LM
- s 16.0 2. 0.8 0.1 610 m L%
. ¢ " 5.8 8 0.67 . 18 N e
, s 6.0 TR] 0.42 2 142 m o s
g IA Super
5 ;: > Some a3 MBS
< Ic
3 132 AW
. onES MR- 91° ] 12.9 ws 0.7 10.60 636 .
o " 12.9 5.8 0.56 7.00 %% % 2.9
: Lic oF CHim s 129 ne 0.50 12 W 12 4
: ] ' .. n.e 0.60 7.35 w T IY
! ] 12,9 5.6 0.50 5.58 307 % .00
\ $ 129 N 0.43 “n m 132 400
) i ’ 12.9 n.e 0.5 6.42 35 "
3 " %8 5.8 0.48 ] 7 N e
) s 2.0 s.8 0.44 1.0 % 3 vl
) m . 12.9 5.0 0.9 5.2 307 “ 2.0
4 ' " 7.3 ¥ .40 1.00 55 )
' $ 3.8 5.8 0.42 1.00 0 N e
' 12.9 3.8 0.55 6.18 m TEERE .
' (M:cr - .8 3.8 0.40 1.00 5§ 3 1.0
Vessels) s 5.8 5.8 0.42 1.00 0 3 100
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TABLE_8-2.2
COMPARISON OF ICE STRENGTHENED SCANTLINGS
IN TERMS OF MORMALIZED LOAD CARRYING CAPABILITY

R PR

112

WY, ARCTIC
FRAME SPAC.  FRAME S.M.  PLATE THICK. P/P Fp P IR,
RLE CLASS AREA [in} [in?] {in] Rule [p's‘t ¢ [;‘r:‘lie Rule
(") +A} ) 2.9 116.9 0.67 NA 104 146 A
: BsS 32.9 116.9 0.60 NA 83 146 M ‘
A 8 16.5 16.9 1.00 9.12 %7 292 2.00
[ 16.5 116.9 0.84 5.13 534 292 2.00
s 16.5 6.9 0.84 6.43 534 292 2.00
B 8 16.5 116.9 1.00 9.12 157 292 2.00
[ 2.9 116.9 0.89 176 183 146 1.00
S 329 116.9 0.7 1.65 127 146 1.00
4 8 16.S 102.3 0.84 6.43 534 255 1.75
] 32.9 116.9 0.67 1.00 104 146 1.00
3 32.9 16.9 0.67 1.28 104 s 1.00
1M B 32.9 2.2 1.57 6.85 569 293 2.01
N 32.9 122.3 1.16 2.99 n 153 1.05
s 32.9 116.9 1.00 2.78 21 146 1.00
A 8 32.9 213.2 1.50 6.27 520 267 1.83
" 2.9 116.9 1.04 2.40 250 146 1.00
s 3.9 116.9 0.87 2.1 175 146 1.00
18 8 32.9 191.8 1.4 5.69 472 240 1.64
[ 32.9 116.9 0.87 1.68 175 146 1.00
) 32.9 6.9 0.70 1.36 n 146 1.00
i B 32.9 170.8 1.35 5.07 421 214 1.47
3 N 32.9 116.9 0.67 1.00 104 146 1.00
A s 32.9 116.9 0.60 1.00 83 146 1.00
- LLOvD'S 1* 8 16.5 116.9 1.25 14.25 1183 292 2.00
5 M 16.5 116.9 0.75 4.0 426 292 2.00
L S 16.5 116.9 0.67 4.0 340 292 2.00
- 1 8 16.5 116.9 0.80 5.84 485 292 2.00
- " 16.5 116.9 0.67 3.2 340 292 2.00
5 16.5 116.9 0.67 4.09 340 292 2.00
™ 2 B 16.5 6.9 0.80 5.84 485 292 2.00
. " 32.9 16.9 0.67 1.00 104 146 1.00
S 32.9 N6.9 0.87 2.0 175 146 1.00
& 3 8 16.5 96.5 0.67 4.09 340 240 1.64
. [ 32.9 116.9 0.67 1.00 104 146 1.00
X 3 32.9 116.9 0.60 1.00 83 146 1.00
IA Super
o —Stme 2 MBS —— e __
1c
3 ASPPR ] 8 32.9 249.7 1.§5 6.59 555 F11] .14
20 " 116.9 0.98 2.13 222 146 1.00
o 3 6.9 0.98 2.67 222 146 1.00
e A 8 399.5 1.96 10.68 88?7 500 3.42 !
e ] 116.9 0.98 2.13 222 146 1.00 !
< s 324.6 (8] 8.72 724 406 2.78 i
s 2 ] 599.2 2.40 10.02 1330 750 5.14
] 259.7 1.58 5.54 576 325 2.3
H 499.4 2.19 13.34 1108 625 428
- 3 8 199.0 2N 21,38 nnr 1000 6.85 {
[ 399.5 1.96 8.53 887 500 3.42 i
& S 659.2 2.5 17.46 1467 826 5.66 ,
- . B 98.7 3.10 2.7 219 8t 8.5 '
- " t 29.3 2.2 11.35 1180 663 4.5 !
S 819.0 2.681 21.98 1824 1026 7.0 |
6 B f 1198.5 3.40 32.17 2670 1500 10.28 §
“ 659.2 2.52 " 1467 826 5.66 |
3 938.8 3.00 25.22 2083 176 8.05 {
7 8 1398.2 3.67 37.48 I 1751 .99
" 149.1 2.69 16.07 1671 918 6.42 |
- S 1048.7 3.8 28.14 223 1713 8.99 ‘
- 8 8 1498.1 3.80 40.18 3335 1876 12.88 .
L " 848.9 2.86 18,16 1889 1063 1.28 ‘
» ] 1198.5 3.40 .17 2670 1501 10.28 :
» 10 ] 1498.1 3.80 40.15 3335 1876 12.85 i
£ ] 948.8 3.02 20.26 2107 1188 8.14 )
H 1198.5 1.40 .17 2670 1501 10.28 ‘
h":‘ ONY e ¢ (] 12.0 284.0 1.00 -- 1402 975 6.67 ‘
- [ 2.9 116.9 0.67 1.00 104 146 1.00
e S 2.9 116.9 0.60 1.00 8 16 1.00
1CEBREAKER 8 20.5 1161.0 0.85 4.46 30 21 15.98
H 20.5 1161.0 0.68 2.28 FE1] 2333 15.98
S 20.5 1161.0 0.85 4.46 370 2113 15.98
. ARCTIC 8 20.5 1451.0 IB]} 1.60 631 2918 19.97
"‘ TCEBREAKER " 20.5 1451.0 0.98 4.72 491 2916 19.97
S 20.% 1451.0 wm 7.60 631 2916 19.97
- Ine
o :: - Seme a3 ABS . -
T4




TABLE B-2.2 (Continued)
COMPARISON OF ICE STRENGTHENED SCANTLINGS
IN TERMS OF NORMALIZED LOAD CARRYING CAPABILITY

- M.¥. ARCTIC
g FRAME SPAC. FRAME S.M.  PLATE THICK. P/P, P P P/,
) Pl
" RULE CLASS  AREA [in] [in] in] Rule " Flate “frame Rule
- . BUREAY Glace 1 Super B 16.5 175.4 1.26 14.48 1202 4B 3.00
VERITAS N 16.5 116.9 1.20 10.49 1091 292 2.00
s 16.5 175.4 1.10 .04 916 438 3.00
‘ Glace 1 B 16.5 175.4 1.01 9.3 m 438 3.00
" 16.5 116.9 0.80 4.66 485 292 2.00
s 16.5 175.4 0.80 584 485 438 3.00
: Glace 11 B 16.5 175.4 1.0 9.31 m a3 3.00
- N 2.9 116.9 0.77 1.32 137 126 1.00
", S 32.9 116.9 0.717 1.65 137 146 1.00
. Glace 111 8 16.5 102.3 0.84 6.43 534 255 1.75
H 32.9 116.9 0.67 1.00 104 136 1.00
3 s 32.9 116.9 0.60 1.00 83 146 1.00
-~ 1A Super
B :; Same as ABS ————oc - . - - - .
> Ic
- RUSSIAN YA 8 16.5 120.6 1.06 10.25 851 30 2.06
. ] 16.5 120.6 0.84 5.13 534 301 2.06
- $ 16.5 120.6 0.84 6.43 534 301 2.06
L.; M 8 16.5 128.6 1.00 9.12 757 321 2.20
" 16.5 116.3 0.83 5.02 522 292 2.00
P-‘j S 16.5 116.9 0.83 6.29 522 292 2.00
) 8 16.5 128.6 1.00 9.12 757 321 2.20
. N 2.9 116.9 0.77 1.32 137 146 1.00
- S 32.9 116.9 0.77 1.65 137 146 1.00
f a3 8 16.5 102.3 0.84 6.43 s 255 1.75
: " 32.9 116.9 0.67 1.00 104 146 1.00
- s 2.9 6.9 0.60 1.00 83 146 1.00
: " 8 16.5 116.9 0.84 6.4 534 292 2.00
" 32.9 6.9 0.67 1.00 104 146 1.00
: s 32.9 16,9 0.60 1.00 83 . 146 1.00
KK m B 16.5 1091.0 1.44 .92 1570 2724 18.66
[ M 16.5 134.6 1.08 7.88 819 336 2.3
- $ 16.5 1091.0 1.03 9.67 803 2724 18.68
S A 8 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
N s 16.5 127.0 1.03 9.67 803 1815 12.43
8 8 16.5 496.0 1.20 13.13 1090 1238 8.48
! H 32.9 116.9 0.89 1.76 183 146 1.00
. s 16.5 4%.0 0.74 5.00 a5 1238 8.48
X C 3 16.5 211.0 1.03 9.67 803 577 3.95
", " 32.9 116.9 0.6 1.00 104 146 1.00
- s 16.5 230 0.60 3.29 273 577 3.95
¥ IA Super
o :; -~ oo~ Same @S ABS -—-- - B - -
» Ic
/ PEQPLES REPUS- 81e 8 16.5 2n.0 1.21 12.36 1109 584 4.00
- LIC OF CHINA N 16.5 116.9 0.94 6.4 669 292 2.00
: s 16.5 2.0 0.84 6.43 s34 584 4.00
. B; 8 16.5 2314.0 1.00 9.12 %7 544 .00
N 16.5 116.9 0.80 4.66 485 292 2.00
s 16.5 2.0 0,80 b aus a4 €00
. 811 8 16.5 234.0 0.94 8.06 669 584 4.00
" 32.9 116.9 0.74 .21 126 146 1.00
N s 2.9 16.9 0.74 8.06 126 146 1.00
8ill 8 16.5 116.9 0.84 6.4 534 292 2.00
o N 2.9 116.9 0.67 1.00 104 146 1.00
s 32.9 16.9 0.60 1.00 87 146 1.00
g () ] 16.5 76.0 0.76 5.26 437 190 1.30
F. (River M 32.9 116.9 0.67 1.00 104 146 1.00
i:' Vessels) s 32.9 116.9 0.60 1.00 83 146 1.00
3
-
g
.
.
" 11
- 3
P.
3
.‘- - o7 'I' N
N - ““‘ e l"‘-. s . | [N RPN . PN W L o N

LW | , .

!, ‘.‘-"'.'.J j‘.‘"n' oL

e W T

N PO 'l

. g




P —— J—Tvv
3 N . i

TABLE 8-2.3
COWPARISON OF ICE STRENGTHENED SCANTLINGS
IN TERMS OF NORMALIZED LOAD CARRYING CAPABILITY

ARCTIC TANKER

il Arae Saias Jad

FRAME SPAC.  FRAME S.M.  PLATE THICK. P/P, 3 3 PP
1 * Rule la P
RLE CLASS AREA (in] lin] [in] S‘Y {E.'t Rule
S +A) " 39.5 8.4 1.05 NA 196 166 "
88 9.5 38.4 0.78 HA 108 166 "
A B 19.8 8.4 1.00 5.03 543 332 2.00
" 19.8 38.4 1.058 3.05 598 332 2.00
S 19.8 38.4 1.00 5.03 543 32 2.00
B B 19.8 3.2 1.00 5.03 543 kkt4 2.00
] 39.5 3.4 1,08 1.00 196 166 1.00
S 39.5 8.4 1.00 1.05 178 166 1.00
C 8 19.8 33.6 1.00 5.03 543 290 1.78
L] 9.5 38.4 1.0% 1.00 196 166 1.00
S 38.4 0.78 1.00 108 166 1.00
1AA 8 67.8 1.8 5.40 583 294 v
M 3B.4 1.3 1.61 NS5 166 1.00
S 38.4 1.1% 2.18 238 166 1.00
1A 8 61.7 1.73 4.94 533 267 1.61
M 8.4 1.20 1.3 256 166 1.00
S 38.4 0.99 1.6} 174 166 1.00
8 B 5.7 1.64 4.4 479 241 1.45
" B4 1.05 1.00 196 166 1.00
S 8.4 0.80 1.06 e 166 1.00
ic B 49.4 1.5% 3.96 428 214 1.9
L] 8.4 1.05 1.00 196 166 1.00
S 8.4 0.73 1.00 108 166 1.00
LLovp's 1* 8 19.8 38.4 1.25 7.8 848 332 2.00
" 19.8 8.4 1.2% 4.3 848 332 2.00
S 19.8 8.4 1.15 6.65 "8 332 2.00
1 B 19.8 3.4 1.00 5.03 543 132 2.00
M 19.8 N8 1.08 3.05 598 1 2.00
S 19.8 8.4 1.00 5.0 643 332 2.00
2 8 19.8 8.4 1.00 5.03 543 k1] 2.00
M 39.5 38.4 1.05 1.00 196 166 1.00
S 39.5 38.4 1.00 1.65 178 166 1.00
3 8 19.8 3.7 1.00 5.03 543 274 1.65
L} 39.5 8.4 1.05 1.00 196 166 1.00
S 39.5 38.4 0.78 1.00 108 166 1.00
{A Super
}: ~——= - - Same a5 ABS —— - - - -
1c
ASPPR ) B 19,5 106.2 2.36 9.19 992 460 2.
L] 8.4 1.18 1.29 248 166 1.00
S 38.4 1.18 2.30 248 166 1.00
1A B 159.4 2.88 13.67 1477 690 4.16
N 69.1 1.90 3.28 643 299 1.80
S 86.3 2.12 .8 800 ki) 2.28
2 8 Q2.5 3.33 18.28 1974 920 5.54
L 106.2 2.36 5.06 992 460 2.n
Y 132.8 2.6) 11.40 1230 575 3.8
) 8 265.6 3.72 22.8) 2463 1150 6.93
M 140.8 2.n 6.67 1308 610 3.67
M 115.3 1.03 15.14 1635 759 4.5
4 # 38,7 4.08 7.8 2964 1380 8N
L] 175.3 3.00 8.34 1635 759 4.57
S .8 3.1 18.72 2022 943 5.68
[ 8 ”n.s () 32.06 62 1610 8.70
L] 199.2 3.2 9.47 1887 863 5.20
S 49,7 3.6 21.48 2320 1081 6.51
? 8 398.4 4.5 34.28 3702 125 0.9
L] 225.7 3. 10.69 2095 977 §.69
S 278.9 3.82 24.06 2598 1208 1.8
8 8 398.4 4.56 34.28 3102 1725 10.39
L 252.3 3.63 1.9?7 2346 1093 6.58
S 8.7 4.08 7.4 2964 1380 8.31
111 8 398.4 4.5 34.28 3702 172% 10.39
L] 252.3 3.6) n.9’ 2346 1093 6.5
5 318.7 4.08 2.4 2964 1380 N
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TABLE B-2.3 (Continued)
COMPARISON OF ICE STRENGTHENED SCANTL INGS
IN TERMS OF NORMALIZED LOAD CARRVING CAPABILITY
ARCTIC TANKER
FRAME SPAC. FRAME S.M.,  PLATE THICK.
RULE CLASS AREA [in) [1n7] Cin] PlPte  Prrate  Prr PPoite
psi [psi
~ owv e ¢ 8 12.0 103.5 1.00 12.86 1389 1475 8.89
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
ICEBREAKER 8 2.9 61.2 3.7 28.13 3038 378 2.26
] 61.2 2.53 9.87 1935 7s 2.26
3 61.2 3.17 28.13 3038 315 2.26
ARCTIC 8 76.5 412 47.5! 5131 469 2.83
ICEBREAKER H 76.5 3.29 16.69 22 469 2.83
. S 76.5 4.2 47.51 5131 469 2.83
.,.' . l‘.
- :; - e e — Same as ABS — —- - - e m———— e e e — -
b Ic
k- BUREAU Glace I-Super B 19.4 51.6 1.26 7.98 862 498 3.00
-, VERITAS " 19.4 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 | 8 19.8 57.6 1.00 5.03 543 49 3.00
3 VERITAS ] 19.8 38.4 1.05 3.05 598 332 2.00
S 19.8 57.6 1.00 5.03 543 498 3.00
- Glace 1} 8 19.8 57.6 1.00 5.03 543 498 3.00
" 9.5 38.4 1.05 1.00 196 166 1.00
: S 39.5 38.4 1.00 1.65 178 166 1.00
Glace il B 19.8 33.6 1.00 5.03 543 290 1.75
" 39.5 38.4 1.05 1.00 196 166 1.00
L. s 39.5 38.4 1.00 1.65 178 166 1.00 )
IA Super 4
& @ :: Same s ABS — ——— ———— e — - o — R L
p_ -~
- - i€ 4
x USSR YA ] 19.8 70.5 2.02 20.50 2214 609  3.67
- " 19.8 51.8 1.39 5.35 1049 a7 2.69 4
- S 19.8 51.8 1.39 9.7 1049 a7 2.69 4
A B 19.8 42.3 1.58 12.55 1355 365 2.20
R N 19.8 38.4 1.3% 5.05 989 332 2.00 3
s 19.8 38.4 1.3% 9.6 989 332 2.00
A2 8 19.8 42.3 1.00 5 03 543 365 2.20 b
" 39.5 38.4 1.05 1.00 196 166 1.00 .
) 9.5 38.4 1.00 1.65 178 166 1.00 o
A3 8 19.8 3.6 1.00 5.03 543 290 1.75 9
] 39.5 38.4 1.05 1.00 196 166 1.00 4
) 39.5 38.4 0.78 1.00 108 166 1.00 :
" 8 .23.7 38.4 1.00 3.67 396 n 1.67
M 39.5 3.4 1.05 1.00 196 166 1.00 i
S 39.5 38.4 0.78 1.00 108 166 1.00
-NKK m 8 19.8 185.7 1.83 16.82 1817 1604 9.66
M 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
] 66.2 1.18 3.87 756 570 3.4
H 123.8 1.30 8.49 C1¥ 1069 6.44
] 8 84.4 1.52 1.6} 1254 729 4.39
" 39.5 38.4 112 1.14 22 166 1.00
s 19.8 84.4 0.92 4.25 459 729 4.39
¢ 8 19.8 39.4 1.30 8.49 917 340 2.05
® L) 39.5 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
:: ————e Same as A8S
1c
PEOPLES 8I* 8 19.8 76.8 1.26 7.98 862 663 3.9
REPUBLIC OF [ 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
81 8 19.8 76.8 1.00 5.03 543 663 3.9
" 19.8 38.4 1.05 3.05 598 332 2.00
$ 19.8 6.8 1.00 5.03 543 663 .99
8l 8 19.8 76.8 1.00 5.03 543 663 3.99
] 39.5 38.4 1.05 1.00 196 166 1.00
) 9.5 38.4 1.00 1.65 178 166 1.00
1 8 39.5 38.4 1.00 1.65 178 166 1.00
. M 39.5 38.4 1.05 1.00 196 166 1.00
) 39.5 38.4 0.78 1.00 108 166 1.00
_PEOPLES (] [} 19.8 25.0 0.55 ).52 164 216 1.30
REPUD- (River N 39.5 38.4 1.05 1.00 196 166 1.00
LIC OF CHINA  Vessels) S 39.5 38.4 0.78 1.00 108 166 1.00
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APPENDIX B-3

TABULAR LISTING OF LOW-TEMPERATURE
STEELS AND THEIR PROPERTIES
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TABLE 8-3.1
STEEL TYPES USED POR SHIPS MAVIGATING IN ICEB
REGION OF APPLICATION:
MATERIAL -~
SPRCIFICATION SOURCR: ICs sELT, ICE ICK STRINGERS & | STRUCTURE ADJ. SUPERSTRUCT. , SPECIAL
PRARES, SHELL, OTHER ICE TO SWELL & INTERIOR APPLICATIONS
VEATHER DECKS MEMBERRS WEATHER OECKS STRUCTURE
American Bureau of ABS M8 Grades
Shipping (1980) A,8,0,8,D8,C8
ABS NTS Grades oitto Ditto Ditto
AN32, D32,
EH3I2, ANYG,
DHI6, BHI6
Lloyd's Register of LR MS Grades
Shipping (1979) - British | A,B,D,E,
Classification Rules for
ships LR WTS Grades
AH27S, DH27S,
EH278, ANI2, Ditto bitto Ditto
DHI2, ™M32,
AHMS, DHMS,
EH34S, AMYG,
DH36, BNI6 a
Det Norske Veritas {1977)4 DNV NS Grades 4
Norwegian Clasatification |NVA, wm, WD, N
Rules for Ships NVE <
[
DNV HTS Gredes Oitto Ditto Ditto ‘
NVA27S, WL27S,
NVE27S, NVA)2,
nmniZ, WEI2, P
NVALG, W6,
NVE G, WVALNS,
- .- ol 44
Bureau Veritas (1977) - BV nS Grades
French Classitication A, 50, 8
Mles for Shipe bitto Ditto oitto
OV WIS Grades
v AN32, ON32,
* BN32, ANIS,
. N3G, ENIS
Wippon Ratjl Koykai (1979) WKK NS Grades
~ Japanese Classification | KA, KB, KD, K€
Mules for Shipe
WKK NTS Grades Ditto Ditto oiteo
RAJ2, KD32,
KE32, KAMS,
KD36, KBS
Germanischer Llioyd (1980) | GL M8 Grades
German Claseification A, 85, D, &
Rules for Shipe Ditto bitetn Diteo
GL NTS Grades
Ad2, D32, ®32,
AXS, D36, 236
Specifications for USCG CG-ASI™M for CG-A5IM for CG~AS3I™M for ABS Steel Graded] NY-80 for ﬂlﬁ
400-Foot Polar Class plates and fabricated plates, AS™M -~ deck and arownd
Icebreaker shapes shapes) AS37 Class Y & lerge deck
CG-AS37H, ASTM- | ASTH-AS)? openings
AS37 Clams 9, Class 2 for
ASTM - AS)? rolled shapes
Class 2 for
. rolled shapes
1
Specifications for USCG ASTH-AS17 Class | ASTM-AS)7 Class | ABS Steel Graded ABS steel
n 140-Foot Marhor Tug 1or 2, and 102, and B, Cor C8 Grades B, C or
E. ADS Grade £ APS Grade B cs
4
3
}' Spescifications for CG-ASIM CG-A3IM ABS Steel Graded ASS Meel OIMOJ
. Wuclear Icehreaking {encept for {including
p- Tanker shell) shell)
al
2
.

T

>
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! TABLE B-3.2
'-;. STRRL TYPES PROPOSED FOR SHIPS NAVIGATING IN ICE
!.t
N REGION OF APPLICATION:
N MATERIAL
SPECIPICATION BOURCE: ICB BELT, ICE ICR STRINGERS & | STRUCTURE ADJ. SUPERSTRUCTY. , SPECIAL
FRAMES, SHELL, OTHER ICE 70 SHELL & INTERIOR APPLICATIONS
e WEATHER DECKS MEMBERS WEBATHER DECKS STRUCTURE
Lo EE— o
b Additional materials ASTM-A 710 pitto Diteto
proposed for ice- Gre.A, Class 3
strengthened ships as
recommended by steel ASTH-A 633 . "
manufacturers Gr. A G B
- ASTM~-A 633 . .
": Gr. C
.. ASTM-A 633 . .
:‘ Gr. D
;:i ASTM-A 633 . .
o Gr. B
5 ASTM-A 737 . -
v Gr. B
. ASTH-A 679 . .
Gre A
ASTH-A 678 g .
Gr. B
ASTM-A 670 - »
Gr. C
L
ABS Gr. V-039 d .
ABS Gr., V=051 hd bt
4 L
X 1
N 1
o 9
N !
- ]
\ 4
B p
"' +
a ]
- v
»:' )
y i
& y
- i
p - 1
- ;
l g
! i
b (
= !
- :
E-: ) :
L ;
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TABLE 8-3.3
PROPRATIRS OF STRELS USED POR ICE-STRENGTHENED SWIPS
STEEL TYPE & GRADE ans Lioyd's Megister Worske Veritas

S Gr. Wa

A
Open-hearth, basic-auygen,
slectric-turnace, vacuus-
axc remelt, or electro-
slag &

DREONIDATION

Open-hearth, slectrice
tfurnace, nt hasic-onyqen
process

Dpen-hearth, hagic-ouyqen,
or electric-furnace
process

ocess
Any method, except rismed
*

Any method, except rimmed
19 *

Any sethod, emcept rismed
steel®

C T a—

Not_reguired
Sucept for Ge. A shapes &

Mot tequired

Mot ¥ ired

The sum of carbon content

Carbon ptus 1/6 of the

Blongation (min.} 8 in
$.6% YA (IN) or a8
noted (Asarea of epe.)

Yield (ein.)vG/m? (k81 ) 24

2
F)
in

(34) incl. 25 mm (1 IN)
132) above 25 M {1 N)
in 200 MM (8 IN) or 24
50 Wn (2 1M)

CHENICAL ONNPOSITION bars, the carbon content | plus 1/6 of the is not to
(Ladle Analyais - ) 4 1/6 of the ohall not exceed onceed 0.40%,
. content (s not to exceed 0.408,
0.40%. f this condition
is satiefled, manganese
may be up to 1,650,
Carbon (mas.) 0.23 0,23 0,230
Manqanese 2.5 » carbon *° 2.5 u carbon ** 2.5 x carhon
Phosphorus (eax.) 0.04 0.05% 0.04
salphur (man.) 0.04 0.0% 0.n4
silicon 0.%0 max. 0.35 man.
Chromiwm
Nirkel
Ml ybdenum
Copper
Titanium
vanadium
Alumirium
Mhare
Wotes: *ri 1 ateal is pted | *Rimmed steel is accepted | *For thickn. 12.% W
for plates up to 2.5 MM for platas up to 12,95 WM (1/2 %) viamed steel may
€1/2 1N). t1/2 M), he accepted.
*oMin, for 12.5 MM *Muin, for 12.5 AN **For thickn, 12.% W
(v/2 M), (1/2 ). {172 I%) a higher rerhon
contant mey he arcepted
upon special approval.
TENSLLE REQNHIRENENTS
Ultimate KG/Me2 (kS1) 41 - % (58 - 71) 4 - % (%8 - 1) 41 - S0 (N - 1)

24 (30

22

24 (34) incl. 29 M (¢ IN)
23 (12) above 2% WM (¢ W)
22

CHARPY V-NOTCH IMPACT
meT

Temperature *C
Enerqgy, KG-M (PFT-LB)

None reruired

None required

None zequired

DT TEMPERATURE °C

DYNANIC TEAR ENERGY

IN XG-N {FT-LB) AT 24°
POR 16 W1 (%/8 IN)
THICK SPECIMEN

ADRASIIN RESISTANCE AS
PRINELL, HAPDNESS

1m0 - 140

10 - 140

AALBCIN! )

BEQUIPED WELDING AND
FARRICATION TECHNIQUES

Conventinnal welding
methods. No preheating.
Mormal forming and cutting
practice,

Conventional welding
methods. Nn pwehesting.
Normal forming and cutting
practice,

Convent innal wlding
methods. Nn greheat ing.
Wormal forming and atting
practice,

LETARSP R S T X3

A_E.L

FRLATIVE CONT FACTOR 1.0 1.0 "e
(Mt om ARG Grade A)
p - —_— S
- R ——— e e - - B
3
4
-
1
t
i
\1
B
4
q
K
[
"4
. L Bt
b ot PR Y ¥ dlcndh, (3 TR W) - P
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TABLE 8-).3(Continued)
PROPENTIES OV STSELS USSD VOB ICE-SYABMOTWMED SWiIPS

STESL. TYPE & GRADE

Sureau Veritas [ German Lloyd
"8 Gr, A Ge. RA "8 Gr. A

Open-heacrth, hasic-ocuygen,
electric-furnace, or any

Opan~-hearth, hesic-cuyyen,
o7 electric-furnace

DRORIDATION

[WAT PAGATVRMT

CHERICAL COMPOSITION
i{Ladle Analysis - ¢)

Carbon (man.}
nanganese
Phoaphorus (man.)
Suiphur iman.)
$1) lcon
Cheomium
Nickel

ol ybdenm
Coppas
Titanium
Vanatium
Aluminum
Mhars

Notes:

Open-hearth, basic-ouygen,
electric-furnace, or amy
esquivalent approved by the
soctety

onuivalent app: by the } p +» of other approved
gociety he 5
Mot reqd., but rismed steel] Seni-hilled ar killed*

Any method, except rismed

[ _H1i) 0) 12.3 (1 ()
[Wot yoquized  Tot reqel

. 0.2} 0.2)

b 2.9 = C min, 2.5 x C min,*
0.0% 0.04 0.04
0.0% 0.04 0.04

9.35 max. 0.3% max.
*Mangansee content mnt to | ¢ stesl 19 a°* nay

be less than 2-1/2 times
the carbon content fnr
more than 12.% "N

(172 N).

for plates wp to ﬂ.i'.
(1/2 M) 4nclusive.

be less below 12.5 W
t1/2 ).

TENSILE REQUIRENENTS
vltimate KG/m? (x81)
Yield (min,)nG/md (st
Elongation tmin.) ¢ in
$.65 yX Mt (IN) or as
noted (A-area of spe.)

41 - 50 (58 - M)
24 ()4)
22

44 -5 (%8 - )
24 (34)
22

41 ~ 50 (SA - V)
2¢ 1))
22

CHARPY V-NOTON INPACT
ST

Temperature *C
Rnergy, RG-M (FP-LD)

None required

None requited

None required

NOT TEMPRRATURE °C

DYNAMIC TEAR ENERGY

I8 KG-M (PT-LR) AT 24°C
FOR 16 MM (S/8 IN)
THICE SPRCINEN

ABRASTIN RESISTANCE AS
BRINELL. RARMNESS

b e e e e ]

REGHIRED WELDING AND
FARRICATION TECHNIQUES

10 - W0

Convantinnat widing
methods. Nn preheating,
Normsl foraing and cutting
rrarctice,

Convent jonal welding
methada, Wn preheating.
Wormal forming and cutting
practice.

Convent ional welding
wethida, No preheating.
Normal forming and cutt ing
praceice.

e e e o e e e I
MELATIVE (15T FMCTOR 1.0 1.0 1.0
thaee ) on ARG firade A)
ot
-
e
i'-‘
b
L
.
_-.’, ‘— - . * - '» ..
. - . - . o : N .
L ol -y} L - P - "y A la




TASLE 8-3.3 (Continued)

PROPERTIES OF

STEEL TYPE & GRADE

Lioyd's Reqister
"8 Gr. §

Worske Veritas

" gr.

Open-hearth, basic-onygen,
electric-furnace, vacuum-
orc remelt, or electro-

Open-haarth, eslectric-
furnace, or hasic-onygen
process

NS Gr. WD

Open-hearth, hasic-oxygen,
or electric-furnace procesq

 slog semelr process

Carbon (max.)

Nanganese
Phosphorus (men.)
Sulphur (man.)
Stlicon
Chromium
Hickel

Mol ybdenum
Copper
Titanium
vanadium
Aluminum
Others

not to euceed 0.400, 1If
this vonditinn is
satistied, monganese may
be up to 1.65%,

o.20
0.00 - 1.90*
0.04
0.04

0.3% max.

*0.60 min. for fully
Rilled or cold flanqing
quality.

$.40%,

.21

9.00 min.*
0.04

0.04

0.50 max.

°1f silicon content is
0,10 or snre, sin.
nanganess may be 0.60,

DBOXIDATION Any method, except rimmed | Any mathod, except rimmed | Any method, except rimmed
1ol 1) stesl
(AT Thgatogy _— Iwet regyived | ¥ Not_required
The sum of carbon cnatent | Carbon plus 1/6 of the
CHENICAL CONPNSLITION The carbon content ¢+ 1/6 off plus 1/6 of the tent is not to
{Ladle Analysis - §) the is shall mot exceed enceed 0.408,

0,21
0.80¢
0.04

0.n4

0.35 max.

*1If eilicon content is
0.16, min. menganese
may be reduced to 0.60%,

vltimate na/e? (x81)
vield (min.)na/m? (st
EBlongetion (min.) & in
$.63 K 9t (IN) or s
noted {(Asares of epe.)

@ - % (% - N

24 (30)
29 in 200 W0 (0 1IN) or 24
in SO MM (2 M)

41 - 50 (%@ - M)
24 30
22

a1 - % (%8 - M)
24 (34}
22

7sT
Temperasture *C
Snergy, KG-N (FT-LD)

CHARPY V~-NOTCH INPACT

Required for thicknesees
above 25 Wi (1 IN) only
[}

2.8 (20) Longitudinal
2.0 (14) Transverse

Regquired for thicknesses
above 25 MM (1) IN) only
o

2.8 (20) Longitudinal

]
2.8 (20) Longitudinal
2.0 (14) Transverse

MOT TENPERATIRE *C

+10 to ¢+ 16

DYNANIC TRAR BNERGY

POR 15 W0 {S/8 IN)
THICK SPEC NN

IN G- {FP-L8) AT 24°C

4% {13))

BRINELL MWARDNESS

10 - 40

110 - 140

110 - 140

REQUIRED WELDING AND

FABRICATION TECHNIQUES

Conventinnal welding
methode. Wo preheating.
Normal forming and cutting
practice,

Conventional welding
methods. W prehesting.
Wormal forming and cutting
practice.

Conventional welding
wethnds. Wy preheating.
Wormal forming e cutting
practice.

RELATIVE COST FACTOR

e e meene

{Baged on ARS Grade A)

1.01%

1.01%

1.00%

FIVTEn)
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188 OF 1
STERL TVPR & GAADE Bursau Veritas L] Germen. Loyt
"8 Gr. K8 Gr. 8

]
Open-haarth, basic-anygen,
electric-furnace, or amy

Open-hoarth, basic-onygen,
or electric-furnace

equivalent app by the
4

[ 4 . o ather approved

T e
DBORIDATION

gociety
Rimmed steel not to be
used

Open-hearth, besic-onygen,
electric-furnace, or any
oquivalent approved by the

ot
Somi-killed or killed

pocioty
Any sethod, micept rismed
steel

NEAT TREATHENT

Mot required

Bot requirved

ot required

et st
CHENEICAL CONPOSITION
{Ladle Analysis -~ V)

Carbon (max.)
Nenganese
Phasphorue (man.)
Sulphur {(max.)
Silicon
Chramium .
Wickel

Mol ybdenum
Copper
Titanium
venadium
Aluminum
Mmhars

Wntes:

0.2
0.00 - .40
0.0
0.05
0.35 max.

.20
6.00 ain.
0.04
0.04
0.3% max,

0.21
0.00 min.
.04
9.04
0.3 man.

TENSILE REQUIRENENTS
Ulcimate KG/MeZ (R81)
vield (win.)%G/med (RS1)
Blongation (mine.) § §n
5.65 N W (IN) or as
noted (Asares of spe.)

a - 30 (% - M)
24 (W)
22

4 -5 (%8 - M)
24 (34)
22

4 -3 (%8 - M)
24 134)
2

CHARPY V-NOTCH INPACT
ns?

Tempessture °C
Snergy, KG-M (FT-1.8)

None required

L ]
2.0 (20) Longitudinal
2.1 (15) Transverse

]
2. (20) Longitudinal

WOT TENPERATURE °C

DYNARIC TEAR ENERGY

IN KG~N (FT-LB) AT 24°C
rOR 16 MM (S/8 1N)
THICK SPECINEN

ARRASION RESISTANCE AS
BRINELI. HARINESS

110 - 140

110 - 140

PRIAIERED WRLDING AND
PASRICATION TRUNN IQUES

Conventional welding
methode. NO preheating,
Normal foeming and cutting
practice.

Conventional welding

Conventiona) weiding

ek Wo prehesting
Normal forming and cutting
practice,

hod! %o weheating.
Nnrmal foreing end cutting
practice.

PELATIVE 1YIRT VAT
THaned on ARS firade A)

1.01%

1.01%

1.01%

122
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TABLE 8-3.3 (Continved)

PROPRRTIES OF STEELS USED POR ICE-STRENGTHENED SHIPS

STEEL TYPE & GRADR

g Gr. DS

PROCESS OF MANUFACTURS

Open-hearth, hanic-cuygen,
electric-furnace, vecuun-
stc remelt, or slectin-
glag remelt peoc

Open-heerth, hasic-axyqen,
or slectric-turnece
process

Lloy4's Reqister

NTS Gr. AN27S
Open-hearth, electric-
furnsce, or hasic-oxyqen
process

DEOXIDATION Pully killed, fine quain Sesl-killed or killed Semi-killed or sjlicon-
ice killed
HEAT TREATWENT Normal ized Nocad.sbove 3% M{ 1,38 IN)Y Nored.above 35 MN(1.38 IN)

Norad.shove 12,5M4(1/21M)¢

CHENICAL CORPOSITION
{Ladle Analysis - 0)

The carbon content ¢ 1/6
of the manganese content
is not to exceed 0.408.
If this condition is
satisfied, murganese may
bs up tn 1,65%.

manganene nf 0.7,

TRNSILE FECUIRENDITS
Ultimete KG/me? (K81}
vield (min,)na/m? (xs1)
Blongation (min.) ¢ in
9.6% {110 (IN) or as
noted {A-area of epe.}

4 -~ 50 (% - )

4 ()4
21 in 200 /0 (9 IN) OF
24 in 50 WM (2 IN)

® - 60 (60 - 83)

32 (e€5.%)
19 in 200 WM (8 N} or
22 in 50 MM (2 IN)

4 - 52 (S8 - M0)
27 (M.8)
22

CHRARPY V-NOTCR INPACT
TRST

Teaperature °C
&nerqgy, KG-M (FP-LB)

None requited

Nona required

fequired for thicknesses
above 12.% me (1/2 IN) only

[
2.8 (20) Longitudinal

NOT TENPERATURE °C

-12 to -7

DYNARLIC TEAR ENERGY

N KGN (PT-LB) AT 24°C
FOR 95 W% (5/8 IN)
THICK SPECINEN

14 (100

ABRASION RESISTANCE AS
PRINELL MARDNESSH

110 - 140

1% - 170

170 - 147

REQUIREL WFLDIWG AND
PARRICATHIN TECHNIQUES

ronventional welding
muthods. Wo preheating.
Normal forming and cutting
practice,

Mnderate preheat for
welding, Unw hydrogen
prectice. Wormal forming
and etting practice.

Moderate pweheat for
walding. Llow-hydrogen
practice. Wormal forming
and cutting gwactice.

HEIATIVE (V8T FACTOR
fBannd on ARS Grade A}

.y

1.1t

123

Carhon (max.) 0.6 q.18 S.'8

Manganese 1.0 - 1,38 0.90 - 1.60%¢¢ 0.70 - 1,60

Phoephorus (max.) 0.04 0.04 0.0¢ R

Sulphur (man.) 0.0 0.4 0.04 4
" _ Si)icon f.10 - 9.3 6.10 - 0.5%0 0.0%5 max.
3 Chromium 9,25 man. 0.2¢ max. k
= Mickel 0.40 max. 0.40 mex. k
" Mol ybeenum 0.08 maxn. 0,08 man.

. Copper 0,35 max. 0.3% max. b
- Titanium R
,1 Vanadium 0.10 max. 0.0) - 0.0 1

Aluminum 0.015 min,.
and Mhers 0.05 max. > 0,015 ~ 0,08 W $
L.
. Niten: *1f sluminum-treated, *Above 12.5 WM (¥/2 ™), ¢

- ¢41f columbium or vanadium | {f niobiva or aluminua *
"i practice used. 4+ niobiwm practice is wsed.)

- €0012.% MM (1/2 IN) and j
- under may have win. R

— S N

4. fapccon g

B
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TABLE 8-1.3 (Continued)
PROPERTIES OF STEELS USED POR ICE-STRENGTHENED SUIPS
STEEL TYPE & GRADE Lloyd's fegistec Norske Veritas Norske Veritas
NTS Gr. ANI2 WTS Ge. WA 278 HTS Gz, WVAI2
Open-hearth, electric~ Open-hearth, hasic-oxygen, | Open-hearth, hesic-onyqgen,
PROCESS OF MANUFACTURE furnace, or basic-oxygen or electric-furnace or electric-furnace
process process process
——
DEOXIDATION Semi-killed or silicon- Sewi-killed or fully Fully killed
killed killed
HEAT TREATHERWT Sormd.sbhove 3% MN{1.38 IN)Y Not required - Mormal { zed
-‘i CHEMICAL COMPOSITION
. (Ladle Analysis - %)
™
Al
Carbon (max.) o.10 0.20 0.18
- Manganese 0.70 - 16,0 0.70 min. 0.9 = 1,6
. Phosphorue (max.) 0.04 0.04 0.04
ho, Sulphur (max.) 0.04 0.04 0.04
', Silicon 0.0% max. 0.10 ~ 0.50
- Chromsum 9.20 max. 0.20 max. 0.20 max.
;.‘. Nickel 0.40 max. 0.40 max. 0.40 max.
L.' "] yhdenus 0.00 max. 0.N8 max. 0.00 max.
] Copprr 0.35 max. 0.35 max. 0.35 max.
- Titanium
"‘ Vanadium 0,03 - 0,10 0.10 max. 0.10 max.
. Aluminum 0.015 min. 0.08 max. 0.080 max.
!" hecs 0,015 - 0.05 Wb 0,05 max, N 0,05 rax. W
g
2 Notes: *abnve 12.%5 M (1/2 N), *0.70 sin. may be used for
L. tf niobium or aluminue 12,5 WM (172 IN) and lems.
- ¢+ ntobium practice is
used.

Ultimate kG2 (x8T) 43 - 60 (64 - BS) 4 - 52 (S8 - T4) 4% - 60 (g -~ 85)
Yield (min.)%G/med (xs1) 32 145.%) 27 (38.5) 32 145.5)
Clongation (min.} % In 22 2 22

’ 3,65 YA 4 (IN) or ase
noted (A=sres of spe.)

CHARPY V-NOTCH IMPACT Pequired for thicknesses None required

R8T above 12.%5 MM (1/2 IN) only
Tempetature °C 0 (-]
Enetgy, XG-M (FT-LB) 3.16 (23) Longitudinal 3.16 (23) Longitudinal

2.24 (16) Transverse

HOT TENPERATURE °C

DYNANIC TEAR ENERGY

1N ¥G-M (FT-LA) AT 24°C
FOR 16 WA {5/8 IN)
THICK SPEC [MEN

-

r.!l
) ABRASION RESISTANCE AS 2% - 170 1o ~ 147 12% - 170
M SRINELI. MARDNESS
3
-
P'.: REGIIRED WRLDING AND Woderate prehest for Moderate preheat fur Mnderste wehest for
L“: PABRICATION TECHNIQUES | welding. Lonw-hydrogen welding. Low-hydrogen walding. 1ow-hydeogen
b practice. MNorma)l forming | practice. Normal forming | practicre. Wnrmal forming
“ ant cutting practice, and cutting prartice. and cutting mmactire,
L e — ——
P E CIVE CUET FACTNW 1.1 1 S]]
- Hased on ARS rirade A)
;e .o . e et e e M iiee e bl ]
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TABLE B-3.3 (Continued)

PROPERTIRS OF STEELS USED FOR ICE-STRAENGTWENED SHIPS

STEEL TYPE & GRADE

Auresu Veritas
HTS Gr. AHI2

NKK
NTS Gr. KA32

German. Lloyd
MTS Gr. Ad2

PROCESS OF MANUFACTURE

Open-hearth, hasic-oxyyen,
electric-furnace or any
squivalent approved by the

Open-hearth, hasic-orygen,
ot electric~turnace
process, or other approved

Open-hearth, hasic-oxyaqen,
electric-furnace or any
squivalent approved hy the

society the society society
DEOXIDATION Uny immed steel, killed Killed Killed
above 12.5 W (1/2 IN)
HEAT TREATMENT Not required® Mormalized Normal i zed

CHEMICAL COMPOS ITION
t{Ladle Analysis - §)

carbon (max.)
Manganese
Phosphorus (man.)
Sulphur (max.)
Silicon
Chromium
Nickel

"ol yblenum
Copper
Titanium
Vanadium
Aluminum
mhers

Notes:

0.18
0.70 - 1.60 o¢

0.04

0.04

0,05 max, teo*
0.20 max.
0,40 max.
0.08 max,
0.35 max.

0,10 max.
0,06 max.
0.05% max. W

*Not required, (F a)uminum
nr vanatium treated,
*¢0.90-1.60 abnve 12,5 MM
tv2 N,

GOSN 1-0.50 abrve 12,5 MM
(1/2 N,

0.10
0.9 - 1,60
0.04
0.04
0.10 - 8.5
0.20 max.
0.40 max.
0.,0A max.
0,35 max.

0.015 min,

0. R
0.90 - 1.60¢
0.04
0.04
0.10 - 0.50
n.20 max.
0,40 max.
0.00 max.
0.35 max.

*Mintmum {8 0.70 helow
12.5 WM (1/2 IN),

TENSILE REQUIRBNENTS
vitimate RG/e2 (KS1)
Yield (min.)%G/mm2 (k81
Rlongation (min.) 8 in
5.65 ;K M1 {1IN) ot as
noted {A=area of spe.}

45 - 60 (64 - 8%)
-32 (45.%)
20

48 - KD (68 - BS)
32 (45.5)
22

4R - 60 (&R - AS)
12 (45.%)
22

CHARPY V-NOTCH IMPACT
TEST

Tewperature °*C
Energy, XG-® (PT-LB)

None required

[}
3.2 (23) Longitudinal
2.3 {17) Transverse

L)
3.2 (23) Longitudinal
2.2 {16) Transverse

WOT TEMPERATURE °C

DYNAMI TEAR ENERGY

IN RG-M (FT-LA) AT 24°"
FOR 16 MM {5/8 IN)
THICK SPE [MEN

ADRASION RESISTANCE AS
BRINELL HARDNESS

126 - 170

135 - 170

125 - 170

REUDIRED WELDING AMD
FARRICATION TECHNIQIES

RPLATIVE COST PR
IRaned on ARG Grade A)

Noderate preheat for
welding. Low-hydrogen
practice. Normal forming
and cotting practice,

Moderate preheat for
welding. Ilow-hydrogen
practice. Normal forming
and cutting pwactice.

Moderate weheat for
welding. Unw-hydroqen
practice. Normal forming
and cutting (wactice,

125
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TABLE 8-3.

3 (Continued)

PROPERTIES OF STRELS USSD POR ICE-STRENGTHEMED SHIPS

STEEL TYPE & GRADE

PROCESS OF MANUFACTURE

Open-hearth, basic-oxygen,
or electric-furnsce process

Lloyd's Register
HTS Gr. AN}4S

furnace, or hasic-oxygen
process

Open-hearth, electric- Open-hasrth, electric-

Lloyd's Meqister
NTS Gr, ANIE

furnece, ot basic-oxygen
process

DENXIDATION

Semi-killed or killed

Sent-killed or silicon-
killed

Somi-killed or silicon-
kill

HEAT TWEATWENT

Wormd.above 35 WN(1.38 IN)
Nogad.above 12,5MM(1/21%)°9

CHEMICAL COMPOSITION
(Ladle Analysis ~ &)

Carbon (max.)
Manganese
Phusphorus {max,)
Sulphur {(max.)
Silicon
Chrosium
Nickel

Mol yhdenum
Copper
Titanium
vanadium
Aluminum
Gthers

Notes:

Norud.above 3% MN(1.38 IN)9

formd.above 35 M 1.38 IN)

0.18

0.90 - 1.60°%¢
0.08
0.04

0.10 ~ 0.50
0.25%
0.40
0.08
0.35 max.

0.10 max.
0.05 max.

*1f aluminum treatad.

**tf columbium or vanadiwm
practire used.

°e012.5 MM (1/2 IN} and
under may have min.
manganese of 0.70%.

0.8
070 - 1.60
0.04
0.04
0,05 max.
0.20 max.
0.40 max,
0.08 max.
0.35 max.

0.9) - 0,10
0.015 min,
0.015 - 0.05 W

*Above 12,5 MM (1/2 IN),
Lf nlobive or alusinum
+ niohium practice is
used.

0.18
070 - 1.60

0.04

0.04
0.05 max.
0.20 max.
0.40 max.
0.08 max.
0,35 max.

0.03 - 0. 10
0,015 min.
0.015 - 0.0% W

“Ahove 12.5 WM (V/2 1W),
if niobium or aluminue
+ niobium wactice is
veed.

TENSILE REQUIREMENTS
tNetimate XG/M? (KS1)
Yield {min.)RG/mn2 (K51
Elongation {min.) & in
5.65 /AWM (IN) or as
noted {A=area of spe.)

s0 - 61 (7Y - 90)
36 (51)

19 in 200 MM (B IN) or
22 in 50 MM (2 IN)

62 (88)
36 (48)
22

S0 - 63 (71 - %)
36 (5Y)
2

CHARPY V-NOTCH IMPACT
TEST

Temperature °C
Energy, KG-M (FT-LB)

None required

Required for thicknesses

above 12,5 MM (1/2 IN) only
0

3.47 (25) Longitudinal

Required for thicknesses
shove 12.5 W {1/2 IN) only
[}

3.47 (25) Longitudinal

NDT TEMPERATURE *C

-12 to -7

DYNAMIC TEAR ENERGY

IN KG-M (FT-LB) AT 24°C
FOR 16 MM (5/8 IN)
THICK SPECIMEN

APRASION RESISTANCE AS
ARINELL, HARPONESS

140 - 1M1

"

140 - 1"

PEUVIRED WELDING AND
FABRICATION TECHNIQUES

RELATIVE COST FACTOR
Thaae ) an ABS Grade A)

Moderate preheat for
walding. low-hydioyen
practice, Normal forming
and cutting practice.

Moderate preheat for
welding. Lnw-hydrngen
practice. Wngmal forming
& cutting practice.

nnderate praheat for
welding, Llow-hydrogen
practice. NMormal forming
& cutting practice,

126
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TABLE B-3.3 (Continued)

PROPERTIES OF STEELS USED FOR ICE-STRENGTHENED SHI1PS

STEEL TYPE & GRADE

Norske Veritas
HTS Gr. NVA 36

Norske Veritas
HTE Gr. NVA4OS

Buresu Veritas
HTS Gr. AMI6

PROCESS OF MANUFACTURE

Open-hearth, basic-oxygyen,
or electric-turnace
process

Opan-hearth, hasic-oxyqen,
or electric-furnace
Process

Open-hearth, hasic-oxygen,
electric-furnace, or any
equivalent approved by
the society

DEOXIDATION

Fully killed

Fully kitled

Untimmed steel, killed
above 12.5 MM (1/2 IN)

HEAT TREATMENT

Not required

Norad.above 12.5 MM{1/2 IN

CHEMICAL COMPOSITION
{Ladle Analysis - 8)

Carbon (max.)
Manganese
Phosphorus (wax.)
Sulphur (max.)
Silicon
Chromium
Nickel

Mt ybdenum
Copper
Titanium
Vanadium
Aluminum
Nthers

Notes:

0.18

0.9 - 1.6*
0.04
0.04

0.10 - 0.50
0,20 max.
0.40 max.
0.08 max.
0,35 max.

0.10 max.
0,08 max.
0.05 max. N>

*0.70 min. may be used for
12.5 MM (1/2 IN) and lens.

0.18
0.9 - 1,6
.04
0.04
0.10 - 0.50
0.20 max.
0.40 max.
0.08 max.
0,35 max,

0.10 max.
0.08 max.
0.05 max, N

*0.70 min. may be used for
12.5 MM (1/2 IN) and )ess ]

Not required®

0.8

0.70 - 1.60°%
0.04
0.04
0.50 max.***
0.20 max.
0.40 max.
0.08 max.
0,35 max.

0.10 max.
0.06 max.
0.05 max. Nb

*Not required if aluminum
or vanadium treated.

**0.90-1.60 ahove 12.5 MM
{1/2 1Ny,
0020, 10-0.50 shnve 12,5 MM
(172 IN).

TENSILE REQUIRENENTS
Ultimate ¥G/Me? (KS1)
Yield (amin.)uG/m? (xs1)
Elongation (min.} & in
5.65 fK M (IN) or as
noted {A=area of spe.)

50 - 63 (7 ~ 90)
36 (51)
2

54 - 66 (77 - M)
40 (ST)
20

56 - &) (71 - 90)
36 (51}
20

CHARPY V-NOTCH IMNPACT
TEST

Temperature °C
Enetrgy, KG-M (PT-LB)

)
3.47 (25) Longitudinal
2.45 (18) Transverse

[}
4.0 (29) Longitudinal
2.65 {19) Transverse

None required

NDT TEMPERATURE °C

DYNANIC TEAR ENERGY

IN KG-M (PT-LB) AT 24°C
POR 16 MM (5/8 IN)
THICK SPEC IMEN

ARBASION RESISTANCE AS
BRINELL. MARDNESS

140 - 191

153 - 190

140 - W

REQUIRED WELNING AND
FARRICATION TRCHNIQUES

Mnderate preheat for
welding, Llow-hydrogen
practice. Nnrmal forming
& cutting practice.

Mo’ rvate preheat for

we iing. low-hydrogen
practice. Nnrmal forming
& cutting practice.

Moderate preheat for
welding. Low-hydrogen
practice. Normal forming
& cutting practice.

PTOATIVE MOST PAMCTOR

‘lMM'I on ABS Grade A)
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TABLE 8-3.3 (Continued)

PROPERTIES OF STEELS USED FOR ICE-STRENGTHENED SHIPS

STEEL TYPE & GRADE

NKKX
HTS Gr. KAYG

German. Lloyd
HT8 Gr. A6

ARS
M8 Gr. D

PROCESS OF MANUFACTURE

Open-hearth, hasic-oxygen,
electric-furnace process,
or other spproved by the

Open-hearth, basic~oxyqen,
elect~ic~furnace, or any
equivalent approved by the

Open-hearth, basic-oxyqgen,
electric-furnace, vacuum—
arc remelt, or electro~

society society slag remelt process
DEOXIDATION Killed Killed Fully killed, fine grain
practice
HEAT TREATMENT Normalized Normalized Normd.above 35 MM (1.3)8 IN
CHEMICAL COMPOSITINN The carbon content + 1/6
(Ladle Analysmis - %) of the manganese content
is not to exceed 0.40%,
1f this condition ts
satisfied, manqanese may
be up to 1,658,
Carbon {(max.) 0.18 0.18 0.21
Hanganese 0.90 - 1,60 0.90 ~ 1.60¢ 0.70 - 1.135¢
Phosphorus {max.) 0.04 0.04 0.04
Sulphur (max.) 0.04 0.04 0.04
Silicon 0.10 - 0.50 0.t0 - 0.10 - 0.35
Chromium 0.20 wmax. 0.20 max.
Nickel 0.40 max. 0.40 max,
Mol ybdenum 0.08 max. 0.00 max.
Copper 0.35 max. 0.35 max.
Titanium
vanadium 0. 10 max. 0. 10 max,
Aluminum 0.015 min, 0.07 max.
Mhers 0.05 max. W 0,05 max. Nb
Notes: *uiniwum is 0.70 helow °0.60 min. for 25 WM (1 IN)

12,950 WM (172 IN),

thickness and under.

b

TENSILE REQUIREMENTS
vitimate KG/me? (k81)

50 -~ 63 {7V - 90)

50 - 63 (71 - 90)

41 - 50 (58 - 1)

Enerqy, RG-M (PT-LB)

0
3.5 (25) Longitudinal
2.% (18) Transverse

Yield (min.)XG/mZ (x$1H 36 151) 36 (St) 24 (34)
Elongatton (min.) % in 21 21 21 in 200 MM (8 IN) or
5.65 JA MM (IN) or as 24 in S0 MM (2 IN)
noted (A=area of spe.)

CHARPY V-NOTCH IMPACT

TEST

Tewperature °C [ -10

3.5 (25) Longitudinal
2.4 (17) Traneverse

2.8 (20) Loangitudinal
2.0 (14) Transverse

NDT TEMPERATURE °C

~35 aver.

NYNAMIC TEAR ENERGY

1N KG-M (FT-LB)} AT 24°C
FOR 16 MM {5/8 1IN}
THICX SPEC IMEN

ABRRASION RESISTANCE AS
BRINELL. MARDNESS

140 - 181

140 - 181

110 - 140

REQUIREN WELDING AND
FARRICATUN TECHNIQUES

Moderate prehaat for
welding. Low-hydrogen
practice. Normal forming
& cutting practice.

Modevate preheat for
welding. Llow-hydroqen
practice., Nnrmal forming
& cutting practice,

Conventinnal welding
methods. No jweheating.
Normal forming and cutting
practice.

HETATIVE ' ST PACTOR
thased an ARS Grade A)
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TABLE B-

3.3 (Continued)

PROPERTIES OF STEELS USED POR ICE-STRENGTHENED SHIPS

STEEL TYPE & GRADE

ABS
Ms Gr. CS

Lloyd's Register
M8 Gr. D

Norske Veritas
#S Gr. NVD

PROCESS OF MANUFACTURE

arc remelt, or electro-
yemalt process

DEOXIDATION

Open-hearth, hasic-oxygen, | Open-hearth, electric-
electric-furnace, vacuum- furnace, or basic-oxyyen

process

Open-hearth, hasic~oxygen,
or electric-furnace
process

ully killed, fine grain

Tully killed, fine grain

Any method axcept rimmed

CHEMICAL COMPOSITION
tLadla Analysis - W)

Carbon (max.)
Manganese
Phosphorus (max.)
Sulphur (eax.)
Si1licon
Chyomium
Nickel

Mol ybdenum
Copper
Titanium
Vanadium

Al inum
mhers

Notes:

The carbon content ¢+ 1/6
of the msnganese content
i3 not tn exceed 0.40%.
1f this condition is
satisfied, manganese may
be up to 1.65%.

0.16
1.0 - 1.35
a.04
0.04
0,10 -~ 0.35

practice practice steel
HEAT TREATMENT Normalized Normalized Normd.abova 25 MM (1 IN)®

The sum of carbon content
plus 31/6 of the

Carbon plus 1/6 of the

0.015 min.

*For 25.5 MM (1 IN) or
less, min. mangsnase may
be 0.60,

is not
content shall not exceed to exceed 0.40%
0.408,
0.2 .21
0.70 - v.40* 0.60
0.04 0.04
0.04 0,04
0.10 - 0.50 max. 0.35 max.

*with fine arain gractice,
normalizing im only
required for thicknesseas
ahove 15 M (1.78 IN).

TENSILE REQUIREMENTS
Ultimate kG/MW4Z (XSI)
Yield (min.)%XG/m? (xs1)
Elongation (min.) & in
5.65 )A' M4 (IN) or as
noted (A=area of spe.)

41 - 50 (5@ - 71)
24 (340)

21 {n 200 MM (8 IN} or

24 in 50 MM (2 IN)

41 - 50 (58 - 1)
24 30

22

41 - 50 (58 - M)
24 ()
22

CHARPY V-NOTCH IMPACT
TEST

Temperature °C
Energy, KG-dM (FT-LB)

|

None required

[
4.8 (35) Longitudina)

-10
2.75 (20) Longitudinal
2.0 (14) Transverse

NDT TEMPERATURE °C

-57 to -51

NYNAMIC TEAR ENERGY

IN KG-M {FT~LB) AT 24°C
FOR 16 MM (5/A IN)
THICK SPECiMEN

b e

9 (709)

ABRASINN RESISTANCE AS
PRINELL HARONESS

110 - 140

110 - 10

110 ~ 140

REGUIRED WELDING AND
FABRICATION TECHNIQUES

Conventioral welding
wethnds. Wo preheating.
Normal farming sand cutting
practice.

Conventional walding
methods. No prehesting.
Normal forming and cutting
practice,

Convent ional welding
methode. ANn preheating.
Normal forming and cutting
practice,

HELATIVE COST FACTOR
fHASed o ARS Grade A)

(PR )]
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TABLE 8-3.3 (Continued)

PROPERTIES OF STEELS USED FOR 1CE-STREWGTHENED SHIPS

STEEL TYPE & GRADE

Bureau Verites
" Gr, D

PROCESS OF MANUFPACTURE

Open-hearth, hasic-onygen,
electric-furnace, or any
equivelent approved by the
society

process, of other approved
the set

DEONRIDATION

Aimmed steel not be used

Somi-killed or killed®

NRK Garman. Lloyd

NS Ge, RD M8 Gr. D

Open-hearth, hasic-oxyqgen, | Open-hearth, hasic-onyqen,
electric-furnace e)octy ic-furnace

process, or nther approved
the soctet

Any method, axcept rimmed

stesl®

| WEAY ToEATHENT

Wot _requived

Normd above 2% MW (1 IN)

Wormd shove 25.5 M (1 II)j

CHEMICAL COMPOSITION
(Ladle Analysis - %)

Carbon (max.)
Manganese
Phosphorus (max, )
Sutphur (max.)
Stlicon
Chromium
Nickel

Mol yhdenum
Copper
Titanium
Vanadiom
Aluminum
Mhers

Notes:

0.21
0.60 - 1.40
2.0%
0.05
0.135 max.

0.2¢
0.60 min.
0.04
0.n4
0.3% max.

*Semi-kjlled is atcepted
for thickness up to 25
(Y IN) inclustive,

0.2¢
0.70 - 1.40

0.04

0.04
0,10 - 0.Y5

0.02 min,

*Aliminum treated and fine
qrain practire dbwe
265.5 M (Y 1),

TENSILE RSQUIREMENTS
Ultinate ¥G/Me2 (RSI)
Yiald (min.)RG/m2 (KRS
Elongation (min.) & in
$.65 YK Ws (IN) or as
noted (A=area of spe.)

4 - 50 (58 - 1)
24 (30
2

4 - 50 (%8 - 71)
24 (M)
n

e - % (%9 - M)
24 (34)
22

CHARPY V-NOTCH INPACT
TEST

Temperature *C
Energy, RG-m (FT-LB)

[}
4.0 (35) Longitudinal

-10
2.8 (20) Longitudinal
2.1 (13) Transverse

- 20
2.8 (20} Longitudinal

NOT TEMPERATURE °C

DYNARIC TEAR ENERGY

IN RG~-M (FT-L8) AT 24°C
POR 16 M0 {S/0 IN)
THICR SPEC INEW

ABRASION RESISTANCE AS
BRINELL MARINESS

.

10 - 140

110 -~ 40

1Mo - 4o

REQUIRED WEILDING AND
FARRICATION TECHNIQUES

I LR

Conventinnal welding
methode. No preheating.
Normal forming and cutting
practice.

Conventional welding
methods, Mo preheating.
Normal forming and cutting
practice.

Conventional welding
methods. WNn preheating.
Normal forming amd cutting
practice.

REIATIVE Co? FACTOR
{Based nn ARS fGrade A}

A —— -
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TABLE 8-3.3 {Continued)

PROPERTIES OF STEELS USED FOR_ICE~-STRENGTHENED SNIPS

STEEL. TYPE & GRADE

ARS
"8 Gs. B

Lioyd*s Reqister
M8 Gr, B

Norske Veritas
" Gr. Wt

PRNCESS OF MANUFPACTURE

Upen-hearth, basic-onygen,
alectric-furnace, vacuum-
arc remelt, or electyo-

slag remelt process

OEOXRIDATION

Open-hsarth, electric-
furnace, or basic-oxygen
process

Open-hearth, hasjc-oxygen,
o1 electric-furnece proces

Fully killed, fine yvain
ractice

fully killed, fine grain
ractice

Pully kilted, fine gqrain
act ice

| HEAT TREATHENT

CHEMICAL CMPOSITION
{Ladle Analysis - W)

Carbon (man.)
Manganese
Phosphntus {max.)
Sulphur (max.)
Si1licon
Chromium
Nickel

"l ybdenum
Copper
Titanjium
Vanadium
Aluminuwn
Mhers

Nitan:

[wormaiised

The carbon content ¢ V/6
of the manganese content
is not to exceed 0.40%.
1t this cundition s
satisfied, manqanese may
be up to 1.65%,

0.8
0.70 - 1.3%
0.04
0.04
N 10 - 0,35

Normalized

Noreal i zed

The sum of carbon content
plus 1/6 of the manqanese
content shall not exceed
0.408.

0.18
0.70 - 1.50
0.04
0.04
0.10 - 0.50

0,015 min.

Carbon plus 1/6 of th:
sanganese content is not
to excead 0,408,

6.18
0,70
0.04
0.04
0.0 - 0.35

0,015 min,

TENSILE RSQUIASNENTS
Uitimare WG/l ixs1)

4y - 3% (% - )

41 - % (%8 - N}

41 - 50 (590 - M)

Enerqy, RG-M (PT-LB)

2.8 (20) Longitudinal
2,0 (14) Tranaverse

2.7% (20) tongitudinal

Yield (@in.)%G//M2 (k81 ) 24 3y 24 (Ya) 24 (M)
Elongation (min,) § in | 2% in 200 WM (8 IN) or 22 22
9.65 K 09 (IN) or as | 24 in 50 MM (2 IN)

noted {A=atea of epe.)

CHARPY V-NOTCHN INPACT

=T

Tenparature °C -40 -40 ~40

2.7% (20) Longitudinal
2.0 {14) Transverse

NOT TEMPERATURE °C

-48 to -46

DYNANIC TEAR ENERGY

N RG-N (FT-L8) AT 24°C
FOR 14 AR (5/8 [N}
THICE SPEC INEN

ARRASION RESISTANCE AS
GRINELL HARUNESS

19 - 40

10 -~ 40

10 -~ 10

R

PRUHIRED WELDING AND
FARRICATION TECANIQUES

Conventional welding
methnds. No preheating.
Normal forming and cutting
practice,

Conventional welding
methods. No preheating.
wNormal forming and cutting
practice.

Conventinnal welding
methnds. No weheating.
Normal forming and cutting
practice.

PELATIVE (ST FACTOR
fhanet on ARS tirarde A)
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TABLE B-3.3 (Continued)

be used an a fine grain
practice.

PROPERTI OF STEELS USED POR ICE-STRENGTHENED SHIPS
STEEL TYPE & GRADE Bureasu Veritas NEK Germen. Lloyd
"8 Gr. B "8 Gr. kB " Gr. 8
Open-hearth, basic-oxygen, | Open-hearth, basic-oxygen, | Opsn-hearth, hesic-onygen,
PROCESS OF MANMIFACTURE | electric-furnace, or any electric-furnace eslectric-furnece, or any
equivalent app by the § p + Of other approved | equivalent approved by the
_society the society society
DEOXIDATION Fully killed, fine grain Killed® Aluminue treated, fine
grain practice
HEAT TREATHMENT Norsalized Notwalized Norme) ised
CHENICAL COMPOSITION
(Ladle Analysis - %)
Carbon (max.) 0.18 0. tn 0.1
Manganese 0.70 - 1,50 0.70 min. 0.7 - 1,5
Phoaphorus (max.) 0.05 0.04 0.04
Sulphur (max.) 0.0% 0.04 0.04
8ilicon 0.10 - 0,35 0,10 - 0.35% 0.10 - 0.3S
Chrominm
Nickel
Mnlybdenum
Copper
Titanium
Vanadium
Alaminum 0.015 - 0.06 0.015 min. 0.02 min.
mhers
Nnten: *Aluminum treatment is to

TENSILE REQUINENENTS
Ultimste %G/mmd (kS1)
Yield (min.)nG/md (xs1
Clonga®ion {min.) & in
5.65 fA ¢4 (IN) or as
nnted (k=area of wpe.)

41 - 30 (%9 - 71)
24 (34)
22

41 - %0 (58 - 71)
24 (3%
22

41 - 50 (%8 - M)
28 ()4)
2

CHARPY V-NOTCH INPACT
TEST

Tewmperature *C
Energy, RG-M (PT-LB)

-40
2.8 (20) Longitudinal

-40
2.8 {20) Longitudinsl
2.1 (15) Transverse

-40
2.A (20) Longitudinal

NUT TENPERATURE °C

DYNAMIC TEAR ENERGY

IN ¥G-M (FT-LB) AT 24°C
FOR 16 MM (5/8 IN)
THICE SPECTMEN

ABRASION RESISTANCE AS
BRINELL HARONESS

—

10 - 140

10 - 140

110 - 90

REQUIAED WELDING AND
FPABRICATION TECHNIQUES

Conventinnal welding
methods., WNo preheating.
Normal forming and cutting
practice,

Conventional wlding
methode. Wn preheating.
Wormal forming and cutting
practice.

Conventional widing
methods. No wehsating.
Hormal forming and cutting
practice.

KEIATIVE COST VACTOR
t8aged on ABS Grade A)

Y
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TABLE 8-3.

3 (Continued)

PROPERTIES OF STERLS USED FOR ICE-STRENGTHENED SNIPS

xilled, fine grain practicd semi-killed or silicon-

STEEL TYPE & GRADE ABS ABS Lioyd's eqister
NTS Gr. DNI2 HT8 Gr. DHI6 L1 uTS Gr, DH2 ]
Open-hearth, basic-oxygen, | Open-hearth, basic-oxygen, | Opan-hearth, electric-

PROCESS OF VMAMUPACTURE | ox electric-turnace or electric-turnace furnace, or hesic-oxyqen
process process process

DECXIDATION Killed, fine grain practice

kitled

WEAT TREATWENT

Mormd.above 25.5 WN(1 IN)®
Morsd.sbove 12.5MM(1/21N)*4

Nored.above 25.% MM(1 IN)*
Nored.above 12.5mM(1/210) 4

Normd.above 25.5 WM (1 IN)

CHENICAL COMPOSITION
tladle Analysis - %)

Carbon (max.)
Manganese
Phosphorus (max.)
Sulphur (max.)
Silicon
Chromium
Nickel

0l ybdenun
Coppar
Titanium
Vanadium
Aluminum
here

Notes:

0.18
0.90 - 1.60
0.04
0.04
0.10 - 0.%
0.25 max.
0.40 max,
0.08 max.
0.35 max.

0,10 max,
0.05 max.,
eif aluminum treated.

*oif columbium or vanadium
practice )s used.

0.0 0.8

0.9 - 1.80 0.70 ~ 1.60
0.04 0.04
0.04 0.04

0.10 - 0.5 0,05 max.
0.25 max. 0.20 max.
0.40 max. 0.40 max.
0.08 max. 0.08 max.
0.3% max. 0.35 max.
0.10 max, 0,03 - 0.10

0.015 min,.

0.05 man. O 0.015 - 0.0% W

*1f aluminum treated.
*eif columbium or venadium
practice is uwsed.

*Above 12.% MM (1/2 IN),
if niohium or aluminum
+ niobium practice is used )

TENSILE REQUIRENENTS
vitinate RG/M2 (x81)
vield (min.)RG/m2 (KS1)

40 -~ 60 (68 - 8%)

50 - 63 (71 - 90)

4 - 52 (%0 - 74)

Enargy, KG-M (FT-LS)

3.% (25) Longitudinal
2.4 {17) Transverse

32 (4%.%) 36 (51) 27 (38.9%)
Elongation (mein.) & in 19 in 200 mM (8 IN) or 19 in 200 MM (@ IN) or 22
$.6% ’Tlﬂ {IN) or ae 22 in 50 MM {2 IN) 22 in 50 WM (2 IN)
noted (A=area of spe.)
CHARPY V-NMOTCH IMPACT
TRST
Temperature °C -20 -20 -20

3.9 (25) Longitudinal
2.4 (17} Tranaverse

NOT TEMPERATURE *C

-62 to -40

2.75 (20} Lomqltudinal

~62 to -40

DYNAMIC TEAR ENERGY

IN XG~M (PFT-LB) AT 24°C
POR 16 #n (5/8 IN)
THICK SPECINPW

ABRASTION RESISTANCE AS
BRINELL MARONESS

135 - 170

140 - 1

"o - 4?7

ARQUELRED WELDING AND
FABRICATION TECHNIQUERS

Moderate preheat for
welding. lnw-hydtoyen
practice. Normal forming
& cutting practice.

Moderate preheat for
welding. Low-hydrogen
practice, Normal forming
& cutting practice.

Noderate preheat for
welding, Iow-hydrogen
practice, Normal forming
& cutting practice.

REIATIVE (ORT FACTOR
{Based on ARS Lrade A)

1.8

1.8
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TABLE 8-3.3 (Continued)

PROPERTIES OF STEELS USED FOR_ICE-STRENGTHENED SHIPS

STREL TYPE & GRADE

Lloyd's Register
HTS Gr. DHI2

Lloyd’s Megister
HTS Gr. DH34S

Lloyd's Register

PROCESS OF MANUFACTURE

Open-hearth, electric-
furnace, or hasic-oxygen
process

Open-hearth, electric-
turnace, or basic-oxyyen
process

furnace, or hasic-oxyyen
process

DREOXIDATION

semi~killed or silicon-
killed

Semi-killed or silicon-
killed

killed

HTE Gr. DHY6
Open~-hearth, electric-

Remi-Killed or #ilicon-

HEAT TREATMENT

CHEMICAL COMPOSITION
{Ladle Analysis - §)

Carbon (max.)
Manganese
Phosphorus (max.)
Sulphur {(max.)
Silicon
Chromium
Nickel

Mol ybdenum
Copper
Titanium
vanadium
Aluminum
Rhers

Nntea:

JMormd.above 25.5 MM (1 IN)

Normd.ahove 25.5 MM (V IN)

0.18
0.9 - 1,60
0.04
0.n4
0.05 max.
0,20 max.
0.40 max.
0.080 max,
0.5 max.

0.0) - 0.0
0.015 min.
0,015 - 0.05 Nb

SAbave 12.5 MM (1/2 IN),
i ntohivm or aluminum
¢+ ainhjum practice in
uned,

0.0

0.90 - 1.60
0.04
0.04
0.05 max.
0.20 max.
0.40 max.
0,08 max.
0.35 max.

0.03 - 0.10
0.015 min,
0.015 - 0.05 ¥

*abuve 12.5 MM (1/2 M),
if niobhium or aluminum
¢+ niobium practice s
used,

0.8

0.90 - 1.60
0,04
0.n4
0.05 max,
0.20 max.
0.40 max.
0.08 max.,
0.35 max.

#.03 - 0,10
0.0%5 min,
0.015 - 0.0% W

*Ahove 12,5 MM (V/2 M),
it niobium oz aluminum
¢ niohium practice is
used.

Normd.above 25.5 MM (1 _I%)9

TENSILE REQUIRENENTS

Ultimate XG/MeZ (X81) J 45 - 60 (64 - 85) 62 (08} 50 - 63 (7t - %0)
Yield (min,ING/Me2 (kS 32 (45.%) 34 (4®) 36 (S%)
Elongation (min.) 8 in 22 22 21

$.65 YA M (IN) or as

noted (A-area of spe.)

CHARPY V-NOTCH IMPACT

TEST

Temperature °C -20 =2 -20

Energy, XG-M (FT-LB)

3. 16 {2}) Longitudinal

3.47 (2%) Longitudinal

3.47 (25) Longitudinal

NODT TEMPERATURE °C

DYNAMIC TEAR ENERGY

IN KG-M (FT-LB) AT 24°C
FOR 15 M (3/8 IN)
THICK SPECIMEN

ASRASION RESISTANCE AS
BRINELL MARDNESS

12% - 170

"7

140 - 0t

REQUIRED WELDING AND
PAPRICATION TRECHNIQUES

Moderate .preheat fov
welding. tnw-hydrogen
practice. WNormal forming
& cutting practice.

Moderate preheat for
velding, low-hydrogen
practice. Normsl forming
& cutting practice.

Woderste preheat for
welding. low-hydrogen
prectice. Wormal forming
& cwtting practice.

PEIATIVE COST FACTOR
tHayed v ARG (Gt Ade A)
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TABLE B-3.3 (Continued)

PROPERTIES OF STRELS USED POR ICE-STRENGTHENRD SHIPS

ad ~ Ll

STEEL TYPE & GRADR

Wotrahe Veritas
NTS Gr. WWD278

Worske Veritas
NTS Gr. NVDI2

PROCESS OF MANUPACTURE

Open-hearth, hasic-omnyyen,
or electric-furnace prucesd

Worske Veritae
NTS Gr. NVDI6

Opan-hesrth, hasic-oxygen,
| or electric-furnace
process

Open-hearth, hasic-oxygen,
or electric~-furnace proces

DEOR1DATION

Seni-killed or fully
Rilled®

Fully Killed

Pully killed

NEAT TREATIENT

CHEMICAL CYMPOSITION
{Ladle Analysin ~ 8)

Cerbon (max.}
Menqanese
Phosphorus (max.)
Sulphur (masx.)
Silicon
Chromium
Hickel
nlybdenum
Copper
Titanium
vanadium
Aluminum
Mmher e

Nestes:

Norad.above 25.5 WM(Y IN)¢

0.8
0.70 wmin,
0.08
0.04

0.20 man.,
0.40 man.
0.00 max.
0.35 max.

0.10 man.
0.00 max.
0.0% maxn. W

Sror 25.5 MM (1 IN) and
ahove to he hilled and
tine qrain treated,
*eAhnve 12.9 WM (1/2 18),
1f niohium practice is
used,

| Sormd.above 19 W(3/4 IN)*

Mormd.above 19 MM{3/4 IN)®

0.1

0.9 - 1.8
0.04
0.04

0.10 - 0.%
0.20 max.
0.40 max.
0.08 max.
0.35 max.

0.10 man.
0.08 max.
0.05 max. W

*above 12.5 MW (/2 M),
if niobium practice is
used.

0.108

0.9 - 1.6
0.04
0.04

0,10 - 0.%0
0.20 max,
0.40 max.
0.00 max.
0.35 max.

0.10 sax.
0.00 max.
0.05 max. W

*Above 12.5 WM (1/2 IN),
1f niobium practice 1e
used.

TENSILE ABQUIRENENTS
Ultisate WG/ wed (g8t
Yield (min.)%G/m (xs1)
Slongetion (min.) 8 in
$.65 X M (IN) ot as
noted (A=ares of epe.)

4 -~ 52 (%8 - T4
27 (38,5)
22

AS - %0 168 - #%)
32 (45.%)
22

3 - 83 N - W)
3% (5
21

CHARPY V-NOTCH IMPACT
™=sT

Temparasture *C
Energy, KG-M (FT-L8)

-20
2.75% (20) Longitudinal
2.0 {14) Transverse

WOT TENPERATURE °C

-20
3.16 (23) Longitudinal
2.24 _{16) Transverse

-20
3.47 (25) Longitudinal
2,45 (18) Transverse

DYNARIC TEAR DNERGY

1% RG-M (FT-LB} AT 24°C
roR 16 M (%/8 IN)
TRICK SPECINEN

ABRASION RESISTANCE AS
BRINELL HARUNESS

10 - 147

12% - 170

40 - 181

REQUIRED WELDING AND
FABRITCATION TECHNIQUERS

Noderate preheat for
welding. Inw-hydrogen
practice, WNorsal forming
& cutting praciice.

Moderste preheat for
welding. low-hydrogen
prectice. Wormal foreing
& cutting ractice.

Noderate mweheat for
welding. low-hydrogen
practice. Wnrmal forsing
& cutting gractire.

PEEATIVE (DST PACTOR
(Mased 'm ARS Grade A)

e s v e mmicm s b e
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TABLE 8-3.] (Continued)

PROPERTIES OF STEELS USED FOR ICE-STRENGTHENED SHIPS

Norske Veritas
WrS Gi. WD40S

Sureau Veritas
HTS Gr. ON32

Buresu Veritas
NTS Gr. DHI6

PROCESS OF MANUFACTURE

Open-hearth, hasic-cuygen,
or electric-furnace ;-toc..i

Open-hearth, hasic-oxygen,
alectric-furnace, or any
equivalent approved by
the society

Open-hearth, hasic-oxygen,
electric-furnace, or any
equivelent approved by
the society

ORORIDATION

Fully killed

Killed, fine grain

Killed, fine grain

NBAT TREATHEWT

CHENICAL COMPOSITION
{Ladle Analygis - W)

Carhon (max.)
Manganese
phosphorus {max.)
Sulphur (max.}
Silicon
Chromium
Nickel

Mol ybdenum
Copper
Titanium
Vanadium
Alvminum
Others

Notes:

0.05 max. W

Nogmal ized Normal ized* Normalized®

0.19 0.18 0.8

0.9 - 1.6 0.90 - 1.60 0.9 - 1.60
0.04 0.04 0.04
0.04 0.04 0.04

0.10 - 0.50 0.10 - 0.%0 0.10 -~ 0.50
0.20 0.20 man. 0.20 max.
0.40 0.40 max. 0.40 max.
0.08 0.08 max. 0.08 max.
0.35 0.3% max. 0.3% max.
0.10 0.10 max. 0.05 - n.10
0.08 0,015 - 0.06 0.01% - 0.06

0.05 max. ¥

‘ot required, if
properties can he met as
specified.

0.02 - 0.05 Wb

*Nnt required, if
proparties can he wet as
specified,

TENSILE REQUIREMENTS
Ultimate XG/M2 (X81)
Yield (min.)xG/mnd (w51 )
Rlongation (min.) 8 in
5.65 K M (IN) or as
noted {Ararea of spe.)

54 - 60 (77 - W)
40 (57
20

45 - 50 (64 - 8%)
32 (45.%)
20

50 - 63 (7Y - %)
¥ (51)
20

CHARPY V-NOTCH IMPACT
TRST

Temperature *C
Energy, KG-M (FT-L8)

-20
4.0 (29) Longjtudinal
2,6% (19) Transverse

-20
3,16 (23) Longitudinal

-20
3.5 (25) Longitudinal

NDT TEMPERATIRE *C

T

DYNAMIC TEAR ENERGY
IN WG-M (FT-LB) AT 24°C
‘POR 16 MM {5/8 IN)
THICK SPECINEN

ARRASION RESISTANCE AS
BRINELL HARDNESS

153 - 190

12% - 170

140 - A

RECHTRED WELDING AND
FARRICATION TECHNIQNES

RELATIVE (05T FACTOR
tBane | on ARG frade A)

Moderate preheat for
welding. Unw-hydtogen
practice. Normal forming
& cutting practice.

Moderate preheat for
welding. Unw=hydroqen
practice. Normal foreing
& cutting practice.

Woderate preheat for
welding. lnw-hydroqen
practice. Wormal forming
& cutting wactice.
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TABLE B-3

.3 (Continyed)

PROPERTIES OF STEELS USED FOR 1CE-STRENGTHENED SHIPS

STEEL TYPE & GRADE NKK KK German. Lloyd
HTS Gr. RD3I2 NTS Gr. KDI6 HTS Ge. D32
Open-hearth, basic-oxygen, | Open-hearth, basic-oxygen, | Open-hearth, hasic-oxygen,
PROCESS OF MAMIFACTURE electric-furnace electric-tfurnace electric-furnace fwocess,
process, ar other approved | process, ot other approved | or ather approved hy the
by the society by the society society
DEOXIDATION xilled Killed Kitled
HEAT TREATMENT Normsl ized Normaljzed Normal i zed

CHEMICAL COMPOSITION
{Ladle Analysis - &)

carhon (max.)

Manyanese

o4 Phosphotus (max.)

. Sulphur (max.)

L;b- Silicon

o Chromim

-, MNicke)

. W) ybdenum

- Copper

. Titanium

vanatium
Alvminum

9 Mhers

-

b

- Noten:

0,08 max.
.35 max.

0.015 min.

0.18
0,90 - 1.60
0.04
0.04
0.10 - 0.50
0,20 max.
0,40 max.,
0.08 max.
0.35 max,

0.05% ~ 6.10
0.015 min.
0.02 ~ 0,05 W

0.18
0.90 - 1,60
0.04
n.n4
0.40 - 0,50
0.20 max.
0.40 max.
0.0 max.
0.35 max.

0.02 - 0.07

TENSILE REQUIRENENTS
Uitinete KG/me2 (R81)
Yield (min.)nG/m? (k51N

48 - A0 (68 - &%)

%0 - 63 (7Y - 90)

4R - KD (KA - 8S)

Enerqgy, RG-N (FT-LB)

3.2 (23) Longitudinal
2.3 (17) Transveran

32 (45.5) 36 (5%} 32 (45.5)
Blongation {(min.} & in k2] 21 22
5.65 K M (IN) or as
noted (A=area of spe.)
CHARPY V-NOTCH IMPACT
TEST
Temperature *C -20 -20 -20

3.5 (25) Longitudinal
2.5 (18) Transverss

3.2 (2)) Longltudinal

2.2 (16) Transverse

WOT TEMPERATURE *C

NYNAMIT TEAR ENERGY

IN KG-M (FT-LA) AT 24°C
FOR 16 MM (5/8 IN)
THICK SPEC [MEN

ABRASION RESISTANCE AS
BRINELL HARDNESS

s - 170

40 ~ 191

135 - 0

REQRIINED WELDING AND
FABRICATION TECHNIOIES

FEIATIVE 08T FACTOR
tHaved on AHS irade A)

Moderate preheat for
welding., low-hyldrngen
practice. Nnreal forming
& cutting practicm,

Moderate preheat for
walding: low-hydrogen
practice. Norma! forming
& cutting practice.

137

Moderate meaheat tor
welding. Inw-hydrogen
practice, MNormal forming
& cutting practtce,
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TABLE B-3-3 (Continued)

PROPERTIES OF STERLS USED POR ICE-STRENGTHENED SH1PS

STEEL TYPE & GRADE

German. Llnyd
HTS GR. DM}

PROCESS OF MANUFACTURE

ASTH-AS3?
Class 1

ASTH-AG))
Gt. D

Open-hearth, basic-oxygen,
electric-furnace, or any
equivalent approved by the
societ

Open-hearth, basic-oxygen,
or electric-furnace
process

open-hearth, hasjc-oxygen,
or elactric-furnace
process

DENXIDATION Xilled Fine grain practice Fine quatin gwactice

HEAT TREATMENT Normalized Normalised Normalized

CHEMICAL TUMPOSITION

(Ladlc Analysis - §)
Carbon (max.) g.18 0.24 o.20
Manganese 0.90 - V.60 0.70 - .35 0,70 - 1.3%
Phosphorus (max.) 0.04 0.01S 0.04
Sulphur (max.) 0.04 0.040 0.05
Silticon 8.10 - 0.50 0.15 - 0.50 0.15 - 0.%0
Chromium 0.20 max. 0.25 max. 0,25 mam.
Nickel 0.40 max. 0.25 max. 0.25% max.
Mol ybdenum 0.N8 max. 0.08 max. 0.08 max.
Copper .35 max. 0.35 max. 0.)5 max.
Titanium
Vanadiwm 9.05 - 0.10
Aluminum 0.02 - 0.07
Rhers 0.02 -~ 0,05 W
Nntes:

TENSILE REQUIRENENTS
Ultimate XG/M? (XS1)
Yield (min.)%G/m2 (ks )

50 - 63 (71 - 90)

9 - 63 (70 - 90)

49 - 63 (70 - %)

Energy, KG-M (PT-L8)

3.% (2%) Longitudinal
2.4 (17) Transverse

36 151) 3% (S0 35 (50)
Elongation (min.) % in Fal 22 2)
$.65 'TM {IN) or as in 5% WM (2 IN) tn St M (2 M)
noted {(A=area of spe.)
CHARPY V-NOTCH INPACT
TEST
Temperature °C =20 -60

2.1 (15) Longitudinal

-40
3.8 (25) MMI!OQIMI.J

NIt TEMPERATURE °C

=51 to -18

2.8 (20) Transverse |

~51 aver.

UYNAMIC TEAR ENERGY

IN KG=M (FT-LB) AT 24°C
FOR 16 MM (5/8 IN)
THICK SPECIMEN

—

ARFASTIIIN RESISTANCE AS
BRINELL. HARDNESS

b e e

18 - 10t

198 - 1

RECHINED WELDING AND
FARKICATION TECHNIQU

FELATIVE OST PACTOR
IMage ) om ARS (rade A)

moderate preheat for
welding. low-hyidroqen
pract) Normal forming
and cutting practtce.

Controlled welding
process. Moderate
preheat. ULnw-hydengan
practice. Mormal forming
& cutting pwacticre.

Contiolled weiding
process. Woderate
preheat. low-hydrogen
practice. WNormal forming
& cutting gwactice,

1.3
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TABLE - B-3.3 {Cont inued)

e R R

PROPERTIES OF STEELS USED FOR ICE-STRENGTHEMED SNIPS

STEEL TYPE & GRADE ASTH-A6)) ABS ARS
Gr. A6 B NTS Gr. EN)2 NTS Gr, ENY6

PROCESS OF MANUFPACTURR

Open-hearth, basic-okygen,
or electric-turnace

Open-hearth, basic-oxyqen,
or electric-furnarce

npen-hearth, basic-oxyqen,
or slectric-furnace

¢%Gr. A only.

process process process

OROXIDATION Pine grain practice Killed, fine grain practicd Killed, fine grain precticd

HEAT TREATHENT Normal ized Mormalized Normalized

CHEMICAL COMPOSITION

(Ladle Analysis - %)
Carbon {max.) Q.18 c. 0 0.18
Manganess 1.00 ~ 1.35 0.90 - 1.%0 0.90 - 1,00
Phosphorus (msax.) 0.04 0.04 0.04
Sulphur (max.) 0.05 0.04 0.n4
Silicon 0.15 - 0.50 0.10 - 0.5%0 0.10 - 0.50
Chromium 0.25 max. 0,25 max.
Nickel 0.40 max. 0.40 max.
“nlybdenum 0.08 wan. 0.08 max.
Cnppert 0.3% max. 0.3%5 max.
Titanium
vanadium 0.0 max.* 0.10 max. 0,10 max.
Aluminum
Others 0.05 max. (be* 0.0% max. C» 0.05 max. Cb
Notes: *Gr. B anly,

TENSILE REQUINEMENTS
Ultinate KG/M2 (x81)
Yield (min.)XG/miZ (RSN
Elongation (min.) & in
5.6% YA M4 (IN) or as
noted (Asatea of spe.)

44 - 58 (61 - ®3)
30 (40
b3

in 51 M (2 IN)

48 - 60 (68 - 8%)
32 (45.%)
19 in 200 WM (8 IN) or
22 in 50 MM (2 IN)

% -6} (7 - %)
% (%)
19 in 200 NN (9 IN) ov
22 in S0 MM (2 IN)

CHARPY V-NOTCH 1MPACT
TEST

Temperature °C
Energy, KG-M (FT-LB)

-46
3.% (25) Longitudinal
2,8 {20) Transverse

~40
3.5 (25) Longitudinat
2.4 (17) Transverse

- 40
1.5 (2%) Longitudinal
2.4 (17) Transv

BRINELL HARDNESS

NDT TEMPERATURE °C =37 aver. ~51 to -40 ~51 to -40
DYNAMIC TEAR ENERGY

IN RG-M (FT-LB) AT 24°C

FOR 16 MM (5/8 IN) 91 {658)

THICK SPECIMEN

ABRASION RESISTANCE AS 121 - 65 135 - 170 140 - 191

REQMIRED WELDING AND
FARRICATION TECHNIQUES

b e e e ]

HETATIVE (OST FACTOR
(Hamed on ABS frade A)

Preheat required, if
amblent temp, helow 16°C,
Low-hyArogen practice,
Wormal foreing & cutting
practice

Moderate prehest for
walding. Laow-hydrogen
prectice, Normal forming
& cutting practice.

Moderate weheat for
welding. Ulnw-hydrogen
practice. Normel forming
& cutting pwactice.
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TABLE 8-3.

3 (Cont inued)

PROPERTIES OF STEPLS USED FOR ICE-STRENGTHENED SHIPS

STEEL TYPE & GRADE

Lloyd's Register
HTS Gr. EW27S

Lloyd's Wegister
NTS Gr. EH3I2

Linyd's Reqister
HTS Gr., EH)4S

PROCESS OF MANIFACTURE

Open-hearth, hasic-oxygen,
or electric-furnace

Open-hearth, hasic-oxygen,
or electric-furnace

Open-hearth, hasic-oxygen,
or electric-furnace

process process process

DEOXIDATION Silicon-killed only Silicon-killed only Silicon-killed only

HEAT TREATMENT Normalized Normalized Normalized

CHEMICAL NOMPOSITION

{Ladle Analysis - %)
Carbon (max.} 0.18 0.18 0.8
Manganese 0.70 - %.60 0.90 -~ 1.60 0.90 - 1.60
Phosphorue (max,) 0.n4 0.04 0.04
Sulphui (max.) 0.04 0.04 0.048
Silicon 0. 10 win. 0.10 min, 0.10 min,
Chromiom 0.20 max. 0.20 max. 0.20 max,
Nickel 0.40 max. 0.40 max, 0.40 max.
Mol yhdenum 0.00 wman. 0.8 max. 0.08 wmax.
Copper 0.13% max. 0.3% max. 0.35 max.,
Titaniwm
Vanadium 0.03 - 0.10 0.0) - 0.0 0.03 - 0.10
Alvminum 0.015 min. 0.015 min, 0.015 min.
Mhers 0.015 - 0.05 W 3,015 « 0.05 ¥h 0.015 - 08.0%
Rotes:

TENSILE REQHIREHENTS
Ultimate KG/Mm? (X81)
Yield (min.)%G/me? (kSN
Elongation (min,} & in
5.65 A M (IN) ot as
noted (A=area of spe.)

41 - 52 (58 - 74)
27 (IA.S)
22

45 - 60 (64 ~ AS)
32 (45.%)
22

62 (B8)
34 (48)
22

CHARPY V-NOTCH IMPACT
TEST

Temperature °*C
Energy, KG-M (PT-LB)

-40
2.75 (20} Longitudinal

-40
3.16 (2)) Longitudinal|

-40
3.47 (25) Longlitudinal

NOT TEMPERATURE °C

DYNAMIC TEAR ENERGY

IN KG-M (FT-LB) AT 24°t
POR 16 MM (5/8 IN)
THICK SPECIMEN

ABPASINN RESISTANCE AS
BRINELL HARDNESS

110 - 147

2% - 110

177

e -

REQUIRED WELLING AND
FABRICATION TECHNIQIES

b e - el

RELATIVE 1"OST FACTOR
tHanet o ARG Grade A)

Moderate preheat for
welding. Unw-hydroyen
practice, Normal forming
& cutting practice.

Moderate preheat for
welding. lnw-hydroyen
practice. Normal forming
& cutting practice,

140

Moderate yweheat for
welding. low-hydrogen
practice. Normal forming
& cutting practice.

1.4%
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TABLE 8-3.3 (Continved)

PROPERTIES OF STEELS USED FOR ICE-STRENGTHENED SHIPS

STEEL TYPE & GRADE

Lloyd's Register
NTS Gr. BHI6

Norsks Veritas
HTS Gr. NVE2?S

Noceke Veritas
HTS Gr. NVE32

PROCESS OF MANUFACTURE

Open-hearth, hasic-oxygen,
or slectric-furnace
process

Open-hearth, hasic-oxygen,
or electric-furnace

Open-hearth, basic-oxygen,
or electric-furnace

processs process

DEOXIDATION Silicon-killad only Fully killed Pully killed

HEAT TREATIMENT Normalized Normalised Normalized

CHEMICAL (TWMPOSITION

{Ladle Analysis - §)
Carbon (max.) 0.18 0.18 0.18
Manganese 0.70 -~ 1.60 0.70 min. 0.9 - 1.6
Phosphorus (max.) 0.04 0.04 0.04
Sulphur (max.) 0.04 0.04 0.04
Siltcon 0.10 min. 0.10 - 0.50 0.10 - 0.50
Chromium 0.20 wax. 0.20 max. 0.20 max.
Nichel 0.40 max. 0.40 max. 0.40 max.
Mol ybldenum 0,00 max. 0.00 max. 0.08 max.
Copper 0.35 max. 0.35 max. 0,35 man.
Titanium
vanadiom 0.0) - 0.%0 0,10 max. 0. 10 max.
Alvminum 0.015 min. 0,38 max. 0.08 max.
(Rhers 0.01 - 0.05 Nb 0.05 max. W C.05 max. W
Netorn:

TENSILE REQUS RENENTS
Ultimate %G/m? (xS1)
Yield (min.)RG/Me? (xs1 )
tlongation (win.} V in
5.65 (X 4 (IN) or ae
noted (A=ares of spe.)

50 - 63 (7Y - 90)
36 (S1)
21

41 - 54 (%8 - 77}
27 (30.3)
22

43 - 60 (64 - 8S)
32 (45.5)
22

CHARPY V-NOTCH IMPACT
TEST

Temperature °C
Enerqy, KG-M (FT-L8)

-40
3.47 (25) Longitudinal

-40
2.7% (20) Longitudinall
2.0 (14) Transverse

-40
3.16 (23) Longitudinel
2.24 (16) Transve

NUT TEMPERATURE °C

DYNAMIC TEAR ENERGY

IN KG-M (FT-LAB) AT 24°C
FOR 16 " (5/8 IN)
THICK SPECIMEN

ABRASION RESISTANCE AS
BRINELL HARDNESS

140 - 181

110 - 153

125 - 70

REQITRED WELDING AND
FABRICATION TECHNIQUES

Moderate preheat for
welding. Low-hydrogen
practice. wWormal forming
& cutting practire,

Mnderate preheat for
welding. Uow-hydrngen
practice. Normsl forming
& cutting practice.

Moderate preheat for
welding. Low-hydrogen
practice. WNormal forming
¢ cutting practice.

RELATIVE NST FACTOR
i Haned on ABS fGirade A)

RV e

1.4)

141
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TABLL B-3.3 (Continued)

PROPERTIES OF STEELS USED FOR ICE-STRENGTHENED SHIPS

STEEL TYPE & GRADE

Norske Veritaa
HTS Gr. NVE36

Norske Veritas
HTS Gr. NVE40S

Bureau Veritas
HTS Gr, EM)2

PROCESS OF MANUFACTURE

Open-hearth, hasic-oxyqgen,
or electric-furnace
process

Open-he~th, hasic-oxygen,
or electric-furnace
process

Open-hearth, hasic-onygen,
electric-furnace, or any
equivalent approved by the
society

DEOXIDATION Fully killed Fully killed Xilled, fine grain

HEAT TREATMEWT Normalized . Normalized Wormalized

CHEMICAL COMPOSITION

(Ladle Analysis - %)
carbon (max.) 0.18 0.18 0.18
Manganese 0.9 - 1.6 0,09 - 1.6 0.n9 - 1.60
Phosphorus (max.) 0.04 0.04 n.n4
Sulphur (max.) 0.04 0.4 0.0n4
Silicon 0.10 -~ 0.50 0.10 - 0.50 0.10 - 0.%0
Chromium 0.20 max. 0.20 max. 0,20 wax.
Nickel 0.40 max. 0.40 max., 0.40 max.
Mol ybdenum 0.08 max. 0.00 max. 0.00 max.
Copper 0.35 max. 0.35 max. 0,35 max.,
Titantum
vVanadium 0. 10 max. 0,10 max. 0,10 max.
Aluminum 0.08 max. 0,08 max. 0.015 - 0.06
(Rhers 0.05 max. N 0.05 max. Wb 0,05 max. Wb
Notes:

TENSILE REQUIREMENTS
Ultimate RG/MM2 (KSI)
Y1014 (min. 1XG/Me2 (xs) )
Elongation (min.' 8 in
5.65 /K M4 (IN} or as
noted {A=area nf spe.)

CHARPY V-NOTCH IMPACT
TEST

Temparatuse *C
Energy, KG-M (PT-LB)

S0 - 63 (71 - 9n)
36 (S51)
P4l

54 - 66 (77 - )
40 (57
20

45 - 60 (64 - RS)
32 (45.%)
20

~40
3.47 (25) Longitudinal
2.45 {(18) Transverse

-40
4.0 (29) Longitudinal
2,6% (19) Transverse

-40
3. 16 (23) Longitudinal

NUT TEMPERATURE *C
DYNAMIC TEAR ENERGY
IN KG-M (FT-LR) AT 249
FOR 16 MM 5/ IN)
THICK SPEC IMEN

ABRASTION RESISTANCE AS
BRINEZLL HARINESS

- — e

REGHIRED WELDING AND
FARRICATION TECHNIQUES

140 - 18Y

153 - 190

125 - 170

;&ﬁia'{a—ﬂ;:mn tor
welding.  Low-hydrogen
practicre, Normal forming
& cutting practice,

Mnderate preheat for
walding, low-hydrogen
practice. Normal forming
& cutting practice,

¢ MELATIVE (oNE FACTOR e
P (Raamt on ARG tirade A)
M - S
[
b
i.
P
I
"4
P
-
)
-
I
.
NS, A NP

Moderate mmeheat for
welding. Unw-hydrogen
practice. MNnrma) forming
& rutting practice.

PV SRR W W
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TABLE 8-3.) (Continued)

PROPERTIRS OF STRELS USED FPOR ICE-STRENGINENED SHIPS

Suresw Verites
Gt 38

PROCESS OF NANUPACTURE

Open-hearth, baxic-onygen,

electiic-furnace, or any

equivalent epproved by the
Loty

L] NKK

HTS Gr. KEI2 HTS Gr. KE3IG6

Open-hearth, hasic-oxygen, | Open~hearth, hasic-oxygyen,
electric-furnace electric-furnace

process, or other approved
the socisty

process, or other approved
by the society

DBOR]IDATEON Rilled, fine guain Killed Killed
Sormalized Normalized Normal ized

CHENICAL (YIMPOSITION

tiadie Analysis - W)
Carbon (max.) 0.18 0.18 0.18
Manganage 0.90 - t.60 0.90 - 1,60 0.90 - 1.60
hosphorus (max.) 0.04 0.04 0.04
Sulphur (max.) 0.04 0.04 0.04
Stlicon 0.10 - 0.50 0.10 - 0.50 0.10 - 0,50
Chromiue 0.20 max. 0.20 max, 0,20 max,
Nickel 0.40 max. 0.40 max. 0.40 max,
Mol ytstenum 0.08 max. 0.0R max. 0.08 max.
Copper 0.35 max. 0,35 max. 0.35 max.
Titanium
Vanadium 0.05 - 0.10 0.0% - 0.0
Aliminue 0.015 - 0.06 0.015 min, 0.015 min.
Rhers 0.02 - 0.05 Wb 0,02 - 0,05 Wb
Notes:

TENSILE REQUIRENENTS
Vtimate KG/MZ (K81}
Yield (min )XG/m2 (ksi
Elangation (min.) % in
$.65 'K w4 (IN) or a»
noted (A=area of spe.)

50 - 63 (7Y - W)
36 (51)
20

48 - 60 (6A - AS)
32 (45.5)
22

50 - 6) (71 - 90)
36 (51)
29

CHARPY V-N(OTCH IMPACT
TEST

Temperature °C
Energy, RG-M (FT-LB)

~-40
3.5 (25) Longitudinal

-40
3.2 (2)) Longitudinal

2.3 (17) Transverse |

NUT TEMPERATIIRE °C

-4
3.% {2%) Longitudinal
__2.% (18) Transverse

DYNAMIC TEAR ENERGY

IN KG-M {FT-LB) AT 24°C
FOR 16 MM (5/8 IN)
THICK SPECIMEN

ABRASION RESISTANCE AS
BRINELL. HARINESS

140 - 8%

115 - 70

140 - A1

RERIIRED WELDING AMD
FARRICATION TECHNIQUES

CELATIVE 't PACTIN
(Base ) cu ARG rade A)

Moderate preheat for
welding., Wnw-hydrogen
practice. Normal forming
and cutting practire.

Moderata preheat fog
welding. tow-hydrogen
practice. Normal torming
6 cutting practire.

1.4)

Woderate reheat for
welding., Uow-hydrogen
practice. Normal forming
& cutting practire.

B ai
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TABLE 8-3.3 (Continued)

PROPERTIES OF STEEZLS USED POR I1CE-STRENGTHENED SH1PS

STEEL TYPE & GRADE German. Lloyd German, Lloyd ASTH-A633
WS Gr. 832 HTS Gr. EJ6 Gr. C

PRUCESS OF MANUFACTURE

Open-hearth, besic-oxygen,
electrin-turnace, or any

Opan-hearth, hasic-oxygen,
electric-furnace, or any

Open-hearth, hasic-oxygen,
or elactric-furnace

equivalent approved by the | equivalent approved by the | process
society society
DEOXIDATION Killed Killed Fine grain gractice
HEAT TREATMENT Normalized Normaljzed Normalized
CHEMICAL COMPOSITION
(Ladle Analysis ~ )
Carbon {(max.) 0.18 0.18 0,20
Manganese 7,90 - 1.60 0.90 -~ 1.60 1.15 - 1,50
Phosphorus (max.) 0.n4 0.04 0.04
Sulphur (max.) 0.04 0.04 0.05
Silicon 0.10 - 0,50 0,10 - 0.50 0.15 - 0.50
Chromiom 0.20 man. 0.20 max.
Nicke!l 0.40 max. 0.40 max.
Ml ybdenum 0.08 max. 0.08 max.
Copper 0.35 man. 0,35 max.
Titanium
Vanadtum
Alvminum 0.02 - 0.07 0.05 - 0.10
Mhers 0,02 - 0.07 a.01 - 0,05 Cb
0,02 ~« 0.05 M
Nortes:

TENSILE REQUINEMENTS
Uitimate KG/me? (x81)
Yield (atin.)kG/mu? (xs1)
Elongation (min.) 4 in
5.65 XM (IN) or as
noterd (A=area of spe.)

48 - 60 (68 - 85)
312 (45.%)
22

S0 - 63 (71 - 90)
¥ (31}
0

49 - 61 (70 - 90)
35 (50)
23
in 59 M (2 IN)

CHARPY V-NOTCH IMPACT
TEST

Temperature *C
Znergy, KG-m (PFT-LB)

-40
3.2 {23) Longitudinal
2,4 (17) Transverse

-40
3.5 (25) Longitudinal
2.2 (16) Traneverse

-46
3.5 (25) Longitudinal
2.8 (20) T (14 (]

NOT TEMPERATURE *C

-57 aver.

DYNAMIC TRAR ENERGY

IN KG-M (PT-LB) AT 24°C
FOR 16 MM (5/8 IN)
THICK SPECTIMEN

ABRASINN RESISTANCE AS
BRINELL. HARINESS

135 - 170

140 - 1Y

137 - 191

b e e = e

REQUIRED WELDING AND
FARHICATION TRCHNIQUES

Moderate preheat for
walding. low-hydrogen
practice, Normal foreing
and cutting prartice.

Moderata preheat for
welding. Inw-hydrogen
practice. Nnrmal forming
and cutting practice,

Moderate preheat for
welding.  lnw-hydrogen
practice. Normal forming
& cutting practice.

1.4}

- R <= .
‘ PELTATIVE COST FACTOR .4 .4
P THagesd on ARG virale A}
B
o
., - . . o .
- b PO W - P 4 b 'y » . oy
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TABLE B-3.3 (Continued)

PROPERTISS OF STESLS USED POR ICE-STAENGTHENED SHIPS

STEEL TYPE & GRADE

ASTH-AGTS
Gr. A

ABS lov - Temp.
Gr. V=039

ABS lnow - Temp.
Gr. V=-p51

PROCESS OF WANUFACTURE

Open-hearth, hasic-oxygen,
or electric~furnace

Open~-hearth, hasic-onygen,
or electric-furnace

Open~hearth, hasic-oxyqen,
or slectric-furnace

procesa process process

DEOXIDATION Tine grain practice Pine grain practice Fine grain qwactice

MEAT TREATMEWT Quenched & tempered Normalized Normal ized

CHEMICAL COMPOSITION

(Ladle Analysis - W)
Carbon (max.) 0.16 0.20 0.6
Manganese 0.90 - .50 0.90 - 1,35 1.15 - 1.50
Phosphotus (max.) 0.04 0.04 0.04
Sulphur (max.) .08 0.04 0.04
8ilicon 0.1% - 0.%0 0.10 - 0.35 0.10 -~ 0.35
Chromium 0.25 max. 0.2% max.
Nickel 0.80 max. 0.80 max.
Mol ybdanum 0,08 max. 0.08 max.
Copper 0.20 - 0.35¢ 0.35 max. 0.35 max.
Titanium
vanadium 0. 10 max. 0.10 max.
Aluminum 0,065 max. 0.065 man.
Mhers 0,05 max, b 0.05 max. Cb
Notes: *when specified

TENSILE RSQUIRENEWTS
vltimate RG/ 2 (RS1)

49 - 63 (70 - 90}

41 - 63 (%8 - 90)

41 - 63 (58 - %)

Enevrgy, KG-M (FT-LD)

2.8 (20) Longitudinal
2.0 (14) Transverse

vield (min.)RG/Wd (RST) 3% (50) 25 (36) 25 (%)
Elongation (min.) 8 in 22 22 2
$.65 ;A M (IN) or ap in ST (2 1)

noted {A=area of spe.)

CHARPY V-NOTCH IMPACT Purchaser specs.

ST

Temparature *C -73 -39 -51

3.5 12%) Longitudinall
2.3 (17) Traneverse

3.5 {25) Longitudinal
2.3 (17) Transverse

NOT TENPERATURE °C

62 aver.

=57 aver.

~57 aver.

DYMAMIC TRAR ENERGY

IN KG-M (PT-LO) AT 24°C
POR 16 M0 (5/8 IN)
THICK SPEC IMEN

ABRASION RESISTANCE AS
BRINELL HARDNFSS

130 - 189

1o - 189

110 - Rt

ACQIIRED WELDING AND
FABRICATION TECHNIQUES

Controlled welding
process, Moderate
preheat. Low-hydrogen
practice. Normal forming
& cutting practice.

Preheat required, it
amhient temp. below 0°C
Low-hydrogen practice.
Selected electrodes.
Normal forming & cutting

Preheat required, if
ambhient temp. belnw 0°C
Low-hydrogen practice.
Selected electrndes.
Normal forming & cutting

e ractice 1 practice
RELATIVE CUST FACTOR 1.46 1.46 1.46
(haned on ARS firada A}
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TABLE B-3.3 (Continued)

PROPERTIES OF STSELS USED FOR ICE-STRENGTHENED SH1PS

e e s By 252

STEEL TYPE & GRADE

ASTH-AGTS
Gr. B

ASTH-A63)
Gr. B

ASTH-AGTS
Gr, €

PROCESS OF MANUFACTURE

Open-hearth, basic-oxygen,
or electric-furnace
process

Open-hearth, hastc-oxyqen,
or electric~furnace

Open-hearth, hasic-oxygen,
or electric-furnace

process process
DEOXIDATION Fine grain practice Tine grain practice Fine grain mractice
NEAT TREATHENT nched &t red Normaliged* Quenched & tesmpered
CHENICAL COMPOSITION
(Ladle Analysis - %)
Carbon (max.) 0.20 0.22 0.22
Manganese 0.70 - 1,35 .15 - 1.50 1.00 - 1.60
Shosphorus (max.) 0.04 0.04 0.08
Sulphur (man.) 0.0% 0.0% 0.05
Silicon 0.15 - 0,50 0.15 - 0.50 0.20 - 0.%0
Chromjium 0425 max. 0.2% max.
Nickel 0.25 max, 0.2% max.
Mo) yhdenum 0,00 max. 0.08 max.
Copper 0.20 - 0.35¢ 0.20 - 0,318¢
Titanium
Vanatiom 0.04 - 0. 1Y
Aluminus
Mhote 0.01 - 0.03 Witraqer
ites: *when specified

*Double normalized
abave 76 MM (3 TIN),

*When specilied

TENSILE ARQUIRENENTS
Ultimate ¥G/m? (xs1)
Yield twin,)RG/m? (ks1)
Elongation {(min.) § in
5.65 ;K W0 {18} or as
noted {A=area of spe.)

% - 70 (80 - 100)
42 t60)
22

in S1 M (2 )

5 - 70 (80 - 100)
42 (60)
23

in St (2 )

For ¥ M (1.5 IN) dncl.
63 - 77 (90 - 110)
49 (70)
19
in 51 W (2 W)

CHARPY V-NOTCH IMPACT
TEST

Temperasture °C
gnergy, XG-W (PT-LB)

Purchaser apecs.

-73
2.0 {14) Longitudinal
1.4 (10) Transverse

-40
3.5 (25) Longitudinel
2.8 (20) Transverse

NOT TEMPERATURE °C

-57 aver.

—

-46 aver.

Purchaser Specse.

-73
2.8 (20) Longitudinal
2.9 (14) Transverse

=73 to -80

DYNANIT TEAR ENERGY

IN KG-M (FT-LB) AT 24°C
TOR 16 WM (5/8 IN)
THICK SPEC [MEN

ABRASION RESISTANCE AS
BRINELL, HARDNESS

159 - 202

159 - 202

REQUIRED WELDING AND
FARRICATION TECHNIQURS

Controlled walding

process, Moderate
preheat. Low-hydrogen
practice, WNormal forming

& cutting practice.

Contrnlled welding
process. Woderate
preheat. Unw-hydrogen
practice. Worma) fnreing
and cutting gractice.

Controlled welding
process with jweheating.
Lw-hydrogen practice.
Selerted electrodes.
Nurmal forming & cutting
practice.

|-

BEIATIVE (UST FACTOR
thaget on ARS firade A)




TABLE B-3.3 (Continued)
PROPERATIES OF STEELS USED FOR ICE-STRENGTHEWED SHIPS

STERL TYPE & GRADE ASTH-AS 37 ASTH-ATY? CG-AS)7?
Class 2  Gt. B Gr. 8

PROCESS OF MANUFACTURE

Open-hearth, hasic-oxygen,
or electric-furnace

Open-hearth, basic-onygen,
or slectric-furnace

Opsn-hesrth, hesic-oxygen,
oz elactric-furnace

process process process
DEOXIDATION Fine grain practice Killed, fine grain gpractice
NEAT TAEBATMENT Quenched & tempered Normalised Quenched & tempered
BESEEEEEE

CHEMICAL COMPOSITION

(Ladle Analysis - %)
Carbon (max.) 0.24 0.22 0.16
Hanganese 0.70 - 1,35 1.10 - 1,55 0,90 - 1.%0
Phosphorus (max.) 0.03% 0.03% 0,035
Sulphur (max.) 0.040 0.13% 0.040
Silicon 0.15 - 0.% 0.10 - 0.5% 0.15 - 0,35
Chrnaium 0.25 max. 0,25 max.
Nickel 0.25 max. 0.2%5 max.
"nlybdenum 0.080 man. 0.08 max.
Copper 0.35 max, 0.35 max.
Titanium
vanadium
Alwminum
thers 0.0% m.x. (B
Woten:

TENSILE REQUIRENENTS
Ultinate fG/me? (KS1)
¥ield (min.)RC/Me2 (w81
Elnngation (min.) & in
S.65 KW (IN) or as
noted (A=ares of spe.)

% - 70 (80 - 100)
42 (60)
2

in SV MM (2 W)

49 - 6) (70 - 9%0)
3% (s0)
23

in St MM (2 IN)

49 - 63 (70 - 9%0)
35 (50)
22

in S1 M (2 V)

CHARPY V-NOTCH IMPACT
TEST

Temperature *C
gnerqy, KG-M (PT-LB)

-60
2.1 (13) Longitudinel

-46
35 (25) Longitudinal
2.8 (20) Transverse

5%
2.8 (20) Transverse

NUT TENPERATURE *C

-62 to -%1

-62 aver.,

DYNANIC TEAR ENERGY

IN KG-M (FT-LB) AT 24°C
FOR 16 MM {(5/8 IN)
THICK SPEC IMEN

76 (350)

APRASINN RESISTANCE AS
BRINELL. HARINESS

159 ~ 202

137 - W

17 - 18

REQUIRED WELDING AND
FABRICATION TECHNIQUES

Controlled welding
process. Mnderate
preheat. ULow-hydrogen
practice. Normal forming
& cutting practice.

Moderate preheat for
welding, Low-hydrogen
practice. Wormal forming
& cutting practice.

Controlled welding
process. Woderate
preheat. lnow-hydrogen
practice. Wnrmal forming
& cutting gractice.

FRLATIVE (OST FACTOR
tRaned o ABS tirade A)

1.5

1.52

147

Py

PR YAY W T

e

Pl W

|

L e e e o




r

Ta"

IY]"
P

z

Dl At ML
‘}‘,‘_”,'

’.-_'r

TABLE B-3.3 (Continued)

PROPERTIRS OF STEELS USED POR ICE-STRENGTHENED SHIPS

STEEL TYPE & GRADR

ASTH-AT710
Gr. A Class 3

uv-00
NiL-8-16216H

Hy-100
HIL-5-16216H

PROCEES OF MANUPACTURE

Open-hearth, hasic-oxygen,
or electric-turnace

Open~hearth, hasic-oxygen,
or electric-furnare

Open-hearth, hesic-oxygen,
or electric-furnace

process process process
DEOXIDATION Killed, fine grain practicd
NEAT T‘Aﬁ

CHRNICAL ONMPOSITION
(Ladle Analysis ~ §)

Carbon (max.)
Nanganess
Phosphorus {max.)
Sulphur (man.)
Stlicon
Chromium
Nickel

Mol ybdenum
Onpper
Titanium
Vanadium
Aluminum
Uthers

Notes:

. Quenched & tempered

0.07
0.40 - 0.70
0.02%
0,02%
0.40 max.
0.60 - 0.%
0.70 - 1,00
0.1% - 0.25
1.00 - 1,30

0.02 min.

Quenched & tempered

enched & t red

0. 10
0.0 - 0.40
0.02%
0.02%
0.15 - 0.3%
1.00 - 1,80
2.00 - 3,25
0.20 - 0.60
0.25 max,
0.02 nax.
0.0) max.

0.20
0.10 - 0.40
0.n28
0.02%
0.15 - 0.3%
1.00 ~ 1.0
2,25 - 3.%0
0,20 - 0.60
0.2% max.
0.02 man.
0.0) max.

TENSILE REQUIRENENTS

Por 25.4 WM (Y IN) incl.

4.0 (38) Transverge

NUT TENPERATURE °C

Ultimate KG/i02 (R81) 60 (8%) 70 (100) min. 8t (113) min.
Yield (min.)%G/1n2 (x$1) 83 (19) 56 (80) 7 (100}
Elongation (min.) % in 20 20 "

$.6% ’i‘m {IN) or as S W (2 IN) in SY M (2 W) in SY W (2 10
noted (Aesrea of epe.)

CHARPY V-MOTCN INPACT

T™ST

Temperature *C -2 - -84

Bnerqgy, KG-M (FT-LB) 4.9 (30) Longitudinal 6.9 (%0) 6.9 (%0)

=73 sver.

=107 aver.

DYMANIC TEAR BNERGY
IN WG-N (FT-LB)} AT 24°C

FOR 16 WM (3/8 1N)
THICK SPRCINEN

"o (1012)

ABRASTION RESISTANCE AS
BRINELL WARINESS

10

209

F3 )

REQUIARD WELDIWG AND
PABRICATION TECHNIQUES

e

Littie or no preheat
tevquirements for welding.
Special electrodes.

Platas can he fabriceted
in the as-galled comditiond

RELATIVE COST FACTOR
(Baned on AMS tirade A)

S

e ——eemaq Dolow VOCC,

Careful control of
welding procesn. Coatly
electrodes. Mditional
foraing power. Plate tamp.
for flame cutting not

N

148

—|teiov v00c,

Careful control of
velding process. Costly
electrndea. Addirinnal
forming mwer. Plate temp.
for flame cutting mnt
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- TABLE B-4.1
. TYPICAL MIDBODY PANEL WEIGHTS & COSTS - POLAR STAR (Pane) Height = 8.5 ft)
. STIFF.| pL1G. | stiFr. STIFFEMER T CHG. |t K6,
CLASS SPCG. | THCK. | S.M. SIZE wT. | cost
i! ABS#AL, C; Lloyds 3; DNV ICE C;
Y I11; USSR A3,A4: PRC 8111 2 0.40 6 | 5" x 312" x Va1 00 00
= USSR A2; PRC 811 BV II 2 0.45 6 | 5" x 312" x 14" L 0.4 | 10.4
ABS IC 26 0.50 6 | 5" x3-12" x4 L 20.9 | 20.9
o ABS B: Lloyds 2 26 0.55 6 | 5 x 312" x VA" L N3 | a3
.- ABS 18; NKK B,C 26 0.70 6 | 5" x3-12" x 174" L 62.6 | 62.6
- ASPPR 1; ABS 1A % 0.75 2 | " xexl2L 102.7 | 102.7
ABS 1A 26 1.00 2 | s xexi2mL 136.9 | 13.9
ASPPR 2 2 1.55 87 | 13-3/4“ x B* x 48# 1-1 301.3 | 3013 .
ASPPR 4 2 2.00 | 145 | 16-3/8" x 10-1/4" x 67 1-T | 423.1 | 423.1 !
ASPPR 7 2 2.25 | 86 | 21-174° x B-1/4" x 730 1-T | 496.9 | 496.9 {
ASPPR 10 26 2.35 | 208 | 21-3/8" x 8-3/8" x 830 1-T | 533.9 | s33.9 :
ASPPR 1| : 16 0.60 15 7" x 4" x 3/8" L 7.1 77.9
KK A 16 0.80 15 [ 7 xa"x ya L 8.8 | 120.0
ASPPR 2, NKK AA 16 0.90 30 | 8 x6"x2"L 175.8 | 177.6
OV Icebreaker 16 1.0 0 [ e xaxis2n a0 |21
DNV Arctic lcebreaker 6 1.45 30 9" x 4" x V2" L 284.0 | 286.8
ASPPR 2 16 0.95 s4 | 12-1/2° x 6-172* x 35# 1-T | 190.0 | 191.9
ASPPR 4 16 1.25 90 | 13-7/8% x 8" x 53¢ 1-7 300.5 | 303.5 :
ASPPR 7 16 1.40 | N6 [ 14 x 10" x 680 1-T 365.6 | 369.3
ASPPR 10 16 1.45 | 129 | 18-1/4" x 7-1/2" x 608 1-T | 370.3 | 374.0
ABS A; Lloyds 1, USSR Al BV I,
PR BI K] 0.50 6 | 4" x3-172" x 8 L 7.2 | 48
Lloyds 1*, PRC BI® 13 0.55 6 | 5" x3-l2" x A" L 7.6 | 8.6
BV 1-Super 13 1.25 6 | 5" x3xl/ant 192.0 | 195.8 !
HOSH ¥, 13 0.55 10 | 6" x 4" x 5/16% L 63.4 suj
= TABLE 8-4.2
TYPICAL MIDBODY PANEL WEIGHTS & COSTS - MV ARCTIC (Pane) Height = 27 ft)
. STIFF. | PLTG. | STIFF, STIFFENER 5 CH6. [ x ons.
X CLASS SPCG. | THEK. | ‘s.m, SIZE weT. | cost
ABS *A), C, IC; Lloyds
. owv ICEC; BV I11; ussn na. s
; NKK C; PRC BI1I N 0.67 | 172 [ 18-1/8" x 7-1/2" x 550 1-T 00 00
BV I1; USSR A2; PRC BII 33 0.75 [ 17 | 18-1/8" x 7-1/2" x 550 1-T 7.8 1.8
ABS B, 1B; NKK 8 0 0.90 [ N7 [ 18-1/8" x 7-1/2% x 550 1-1 2.3 2.3 :
. ASPPR 1 E1] 1.00 | N7 | 18-1/8* x 7-1/2" x 584 I-T 2.4 | 2a ;
. ABS 1A N 1.05 | N7 | 18-1/8" x 7-1/2" x 54 1-T 3.9 | 3.9
-3 ABS 1A N 1.05 | 122 | 18-1/8" x 7-1/2" x 554 1-T 46.6 | 46.6 ¥
ASPPR 2 E1] 1.60 | 260 | 24-1/4" x 9-1/8" x 94# I-T | 1158 | 158 4
" ASPPR 4 3 2.25 | 530 | 33-1/4" x N-1/2* x 1AW I-T | 2110 | 2.0 1
h ASPPR 7 3 2.70 | 750 | 36-3/8" x 12-1/8" x 182¢ 1-T | 282.3 | 282.3 )
. ASPPR 10 1 3.00 | 950 | 35-7/8" x 16-1/2" x 2308 1-T | 334.6 | 3%4.6 !
ONY Icebreaker 20 0.70 | 1161 | T-52* x 1" Web, 290.6 | 299.4 :
n-172" x 1- m* Flg. )
ONV Arctic Icebresker 20 1.00 | 1451 | 7-52" x 1* We 7.7 | 388.2 ]
0-1/2% x 1 3/4" Flg. b
R ASPPR ) ” 0.50 50 | 12" x9"x15.30Flg. PIt. | -7.2 | -85 :
i | USSR A2 ” 0.85 80 | 13-5/8" x 8" x 430 I-T 8.1 | 389 1
- NEK A 7 0.95 90 | 16-1/4" x 7-1/8" x S04 1-T 8.4 | 494 4
- tloyds 1 7 0.67 [ 117 [ 15" x 8" x 30.60 Fig. PIt. 60.5 | 61.7 ‘
: - Lloyds 1* ” 0.75 [ 117 | 15" x 8" x 30.64 Flg. PIt. 68.3 | 9.7 1
: PRC B1. 8V | 1} 0.80 | 17 | 18-1/4" x 7-1/2" x 600 |-T st.3 | sea| }
ABS A, USSR YA, PRC BI* 7 0.85 | 117 | 18-1/4" x 7-1/2" x 600 1-T s6.2 | 1.3 ]
: BY I-Super Vv 1.20 } N7 | 18-1/8* x 7-1/2" x 584 1-T 84.3 | 86.0 ;
| ASPPR 2 ” 0.80 | 130 | 18" x 8" x 25.50 Flg. PIt, 68.4 | 69.8 1
- KK AA 7 1.05 | 130 | 24" x6" x 17.850 F1g. PIt. | 6.0 | 776 1
“PPR 4 ” 1.15 | 266 | T-15" x 1" Web, 8" x 2" Flg. | 189.0 | 196.6
. ALPPR 7 ” 1.3 | 376 | 7-20" x 1" web, 8" x 2" Flg. | 237.0 | 206.6
AMRROI0 N BLL 1.5 | 476 | T-22" x 1" Web, 8" x 2-1/4" | 2M4.5 | 285.¢ ]
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TYPICAL MIDBODY PANEL WEIGHTS :”CI;S!TS’-‘&"C TANKER (Panel Helght = 7.5 ft)
STIFF. | PLTG. | STIFF. STIFFENER S CHG. | % CHG.
CLASS SPCG. THCK, S.M. SIZE WGT. cosT
ABS #A1, B, C, 18, IC; Lioyds 2, 3;
oMV ICE C: BY 11, LII; USSR A2, A3,
M; X C; PRC BIII 40 1.05 38 10-1/2" x 5-3/4" x 304 1-7 00 00
K 8 40 110 k 10-1/2" x 5-3/4" x 304 1-7 4.2 4.2
e o1l 40 1.18 8 10-1/2" x 5-3/4" x 308 1-T 8.3 8.3
ABS IA; ASPPR 1 40 V.20 E 10-1/2" x 5-3/4" x 304 1-7 12.5 2.8
ASS TAA L 1.35 3 10-1/2" x 5-3/4" x 304 1-Y 25.0 25.0
ASPPR 2 40 2.3 106 18" x 6" x 20.4¢ Flg. PIt. 119.9 | 1N9.9
ASPPR 4 40 3.05 175 21" x 8-1/4" x 624 1-T 181.9 | 181.9
ASPPR 7 40 3.45 226 23-7/8" x 9" x 764 I-T 221.7 ¢ 2.7
ASPPR 10 40 3.65 252 24-1/8" x 9" x 848 I-T 206.2 | 246.2
OV Icebresker ] 2.58 61 12* x 8" x 404 I-T 135.5 136.9
O Arctic Icedbreaker 28 3.60 n 15" x 3-3/8" x 40# C-L 228.7| 2.0
ASPPR 1V 20 1.05 n 8" x 4" x 13" 1-7 - 0.7 1.3
ABS A; Lloyds 1; 8V 1 20 1.05 38 12-1/4" x 6-1/2" x 268 1-7 n.2 1n.4e
Lioyds 1*; 8V I-Super; PRC BI,
Bl* 20 1.28 38 12-1/4" x 6-1/2" x 264 1-7 27.9 8.5
USSR AV 20 1.38 38 12-1/4" x 6-1/2" x 264 1-T 3.2 %.9
ASPPR 2 20 1.20 53 | 9-V/8" x7-1/2" x 300 T 3.5 37.2
K A 20 1.20 66 14-1/8" x 6-3/4" x 380 1-T R 3.6
ASPPR 4 20 1.50 ] 12 x 9" n 384 7 na ny
NKK AA; USSR YA 20 1.3 99 18" x 6" x 20.4¢ Fig. Pit. §7.0 $8.1
ASPPR 7 20 1.70 " 16-3/8" x 7-1/8" x 574 I-T 92.2 9.0
ASPPR 10 20 1.80 27 21" x 6" x 20.40 Flg. Pit. 104.8 106.9
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APPENDIX C
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. HNonetheless, 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
failure pressures without regard to how it occurred, while the second section is
devoted to proposing a more detailed approach to study ice damage.
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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 oneplastic hinge at the center,
» 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 Method

Considering the standard plate panel fixed at all edyes 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 1imit, is given in any standard
elasticity handbook, e.g. [E-27]. as follows:

p= -;- o, * (£)2
where o = the yield strength of the material (2400 kp/cm? for structural
¥ steel = 35000 psi)
t = the plate thickness
g = the spacing between long edges or frames
B = is a coefficient = 0.5 for an aspect ratio > 2
Therefore,
p=20, (2)° (c.1)

2.2 Elastic - Perfectly Plastic

The simplest method for damage analysis is the so-called plastic method
proposed by Johansson in 1967 [E-13%. 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:

(c.2)
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FIGURE D.1
PLASTICITY METHOD FOR DAMAGE ANALYSIS

(a) Definition of Plate Calculations
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the maximum pressure the plating can carry without onset of

L where p
plastic deformation, kp/cm?

i
Q
"

the yield strength of the plate material, kp/cm? (=~2400 kp/cm
Y for mild steel)

[y
L]

the plate thickness, mm

the frame spacing, mm |

~YaK
o
Cw

fﬁ = a correction factor which accounts for frame spacing and is

given in Figure C.1(b).
The maximum pressure the frames can accommodate without plastic hinge formation,
p1» 1S expressed by:

T

[ 2000 oy Uéﬁl

L': Pr " 55.d. (a*c.dl2r) (€.3)
[

3 where Wb = the plastic section modulus, cm® (which includes plate portion)

4

2 = the span of the frame, m

e = the width of ice pressure, usually taken as maximum ice
thickness, mm

are illustrated in Figure C.1(c)

For d = 2/2, the frame stresses will be maximum and the pressure reduces
to:

A7
Q
o
a,

16000 o« W
Y p

P, * 5.5 (22 - e) (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 q
account in-plane tension or membrane effects of the plate.

2.3 Plastic Method with Membrane Effect ,

This method was proposed by Clarkson [E-6 ] 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 [0, */*/E!/?] - (2)*/2 (C.5)

E = the elastic modulus of the hull plate material and other variables
are previously defined.
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Archtarides [E-1 ] 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 = 9.92 [0, /5 /3] - (94 (C.6)a

{ 2.23\3/(;1) . (%)2 ] (C.6)b

Comparing (C.6) with (C.2) for structural steel and s/t ~ 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 cteels 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.

Rearranging ( .6)a obtain:

£y
p = [4 o, ()

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 i11lustrated in Figure C.2. The maximum load on transverse frames is:

P= q, * a (C.7)

where 9, o, ° hl2 ; g, = ice crushing strength

h = thickness

E
a=3.3 Eﬁ . Eﬁ ; = elasticity of the hull steel

E
8
Eé = elasticity of ice
Is = section moment of inertia of the stringer

»
n

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‘a)
where p1 can be obtained from equation (C.4). By working back o, obtain g, and estimate
oe 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
{s 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
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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 [E 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 caiculation 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
plating, 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
;sexag}occan be supported by the nature of damage due to ice observed on the

RCTIC.

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 reversc 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)
= .7 in?
h% 94 n
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FIGURE C.3
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FLOW DIAGRAM FOR SIDE-COLLISION PLASTIC-ENERGY
ANALYSIS OF SINGLE-HULL SHIP
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FLOW DIAGRAM FOR SIDE-COLLISION PLASTIC-ENERGY

FIGURE C.4

ANALYSIS OF A DOUBLE-HULL SHIP
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2 = 48"
°y = 35,000 psi
=1
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 Llarkson 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, have been
a collision case with a fairly low probability of occurrence.

This leads us to the brijef 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 commercially.available 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
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 1oad 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 Tumped stiffenars may be accepted). A simplified ship
structure seaomert as modeled by the finite element method is shown in Figure C.6.
Apply exter.al 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 8 aphics such as principal stress contours in both the shell and
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
av$11ab1e finite element programs which can be used for this purpose. To list
a few:
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FIGURE C.6
SIMPLIFIED FINITE-ELEMENT MODEL FOR TYPICAL STRUCTURE
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NASTRAN
ANSYS
STARDYNE
STRESS
MARC

[]

p A1l 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.
K The cost of this updating is quite high, particularly if a complete solution is
w desired. For a moderate size model (say 500-1000 elements),consideration of
e 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 1oading 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
’3 to withstand extreme ice load with minimal penalty on the weight and cost of the
ship.
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