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APPENDIX A

MAXIMUN 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 10IOSea-Ice Nomenclature

Abbreviations used in this Appendix are as follows:

FY = first-year ice

MY = multi-year ice

IB = iceberg, bergy bits, growlers, and any other fragments

IS = ice island or fragment therefrom

BI = brokerl 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 3,.4

GREAT LAKES - iqAXIMUllAND AVERAGE ICE CONDITIONS BY MOliTH

46
L.
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THE GREAT LAKES- ST. LAWRENCE SEAWAY SYSTEM

Gull of

Baie .
come.”

Quebec

T,

.$il

Tw ICECONDITIONS,APRIL
D.

Typical Ilaxi mum Level Ice - l,5ft

Typical Maximum Broken Ice - 6.0 ft

Isolated Maximum Level Ice - 2.0 ft

Isolated Maximum Broken Ice - 12.0 ft

1



APPENDIX A.5

GULF OF ST. LAMRENCE - MAXINUH AND AVERAGE ICE CONDITIONS SY MOtJTH
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APPEPJDIX A.6

BALTIC SEA - MAXIMUM AND AVEP&GE ICE CONDITIONS BY 1401JTH
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APPENDIX A.7

WORLD METEOROLOGICAL ORGAN IZATIOFiSEA ICE NOMENCLATURE
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ICE TERMS ARRANGED IN ALPHABETICALOROER

Aged ridge: Ridge which has undergone considerable weathering. These ridges
are best described as undulations.

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

Bare ice: Ice without snow cover.

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

Bergy bit: A large piece of floating gZacier ice, generally showing less than
5 m above sea-level but more than”1 m and normally about 100-300 sq. m in area

Beset: Situation of a vessel surrounded by ice and unable to move,

Big floe: (see FZoe).

Bight: An extensive crescent-shaped indentation in the ice edge,formed by
either wind or current.

Brash ice: Accumulations of f20ating ice made up of fragments not more than
2 m across, the wreckage of other forms of ice.

Bummock: From the point of view of the submariner, a downward projection from
the underside of the iee canopy; the counterpart of a hmock.

Calving: The breaking away of a mass of ice from an ice tiaZZ,ice front, or
icelw2vj..

Close pack ice: Pack ice in which the concentration is 7/1O to 8/10 (6/8 to
less than 7/8, composed of fZoes mostly in contact.

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

Compacting: Pieces of fZoating ice are said to be compacting when they are
subjected to a converging motion, which increases ice concentration and/or
produces stresses which may result in ice deformation.

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

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

Concentration boundary: A 1ine approximating the transition between two areas
of pack ice with distinctly different concentrations.
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Consolidated pack ice: Pack ice in which the concentration is 10/10
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: Ni2as which is under 5 cm in thickness and is very dark

(8/8) and

in color.

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

Oiffuse ice edge: Poorly defined ice edge 1imiting an area of dispersed ice;
usually on the leeward side of an area of pack ice.

Diverging: Iee fie2ds or f20es in an area are subjected to diverging or dis-
persive motion, thus reducing ice concentration and/or relieving stress in
the ice.

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

surface whitens.

indicate, in a relative manner,
such that navigation in it

alona the coast. where it is

Easy area: A general qualitative expression to
that ice conditions prevailing in an area are
is not difficult.

Fast ice: Sea ice which forms and remains fast
attached to the shore, to an ice tia2Z, ta an ice fr~~t, between shoals or
grounded icebergs. Vertical fluctuations may be observed during changes of
sea-level. Fast ice may be formed in situ from sea water ar by freezing of
pack ~ce of any age ta the share,and it may extend a few metres ar several
hundred kilometres from the coast. Fast ice may be more than one year ald
and may then be prefixed with the appropriate age categary(o Ld, second-year,
or muZti-year). If it is thicker than about 2 m above sea-level it is called
an ice shelf.

Fast-ice boundary: The ice botundarjat any given time between fast ice and
?ack ice.

Fast-ice edge: The demarcation at any given time between fast ice and open
Wzt(?r.

Finger rafted ice: Type of rafted ice in which f20es thrust “fingers”
alternately over and under the other.

Finger rafting:
floe thrusting
nilas and greg

Type of rafting whereby interlocking thrusts are formed, each
“fingers” alternately over and under the other. Common in
ice.

~
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Firn: Old snow which has recrystallized into a dense material . Unlike snow,
the particles are to some extent joined together; but, unlike ice, the air
spaces in it still connect with each other.

First-year ice: Sea -iceof not more than one winter’s growth, developing from
young ice; thickness 30 cm - 2 m. May be subdivided into th-infirst-year
ice /whi te ice, medium first-year ice, and thick first-gear 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.

F1aw polynya: A polynya between pack ice and fast ice.

Floating ice: Any form of ice found floating in water. The principal kinds of
floating ice are 2ake ice, river ice, and sea ice, which form by the freezing
of water at the surface, and glacier ice (ice of land origin) formed on land
or in an ice shelf. The concept includes ice that is stranded or grounded.

Floe: Any relatively flat piece of sea iee 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: 500-2,000m across.
MEDIUM: 100-500 m across.
SMALL : 20-100 m across.

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

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

Fracture: Any break or rupture through very close pack ice, compact pack ice,
consolidated pack ice, fast ice, or a single floe resulting from deformation
processes. Fractures may contain 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 permanently deformed, and rupture
occurs. Most commonly used to describe breaking across very c20se pack ice,
zompaet pack ice, and consolidated pack ice.

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

Giant floe: (see I’Zoe).

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

Glacier berg: An irregularly shaped iceberg.

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

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

Grease ice: A later stage of freezing than fra,ziZ ice when the crystals have
coagulated to form a soupy layer on the surface. Grease ice reflects 1ittle
light, giving the sea a matt appearance.

Grey ice: Young ice 10-15 cm thick. Less elastic than niZas 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 humnock: Hummocked grounded ice formation. There are single
grounded hummocks and 1ines (or chains) of grounded hmocks.

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

Growler: Smaller piece of ice than a bergy bit or ftoeberg, 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 skyZights.

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 hurmnock.

Hummocked ice: sea ice piled haphazardly one piece over another to form an
uneven surface. When weathered, has the appearance of smooth hi1locks.

Hummocki ng: The pressure process by which sea ice is forced into hmocks,
Mhen 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 gZacier, and which may be afloat or
aground. Icebergs may be described as tabuZar, dome-shaped, sloping,
pinnacled, weathered, or gLacier bergs.
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Iceberg tongue: A major accumulation of icebergs projecting from the coast,
held in place by grounding and joined together by fast ice.

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

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

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

Ice breccia: Ice pieces of different age frozen together,

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

Ice canopy: .?ackice 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
0r did<fuse.

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, unmoved by tides and
remaining after the fast ice has moved away.

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

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

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

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

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



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

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

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

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

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

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

Ice shelf: A floating ice sheet of considerable thickness showing 2-50 m or
more above sea-level , attached to the coast. Usually of great horizontal
extent and with a level or gently undulating surface. Nourished by annual
snow accumulation and often also by the seaward extension of land g2aeiers.
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 impediment or danger to shipping.

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

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

Large fracture: More than 500 m wide.

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

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

Level ice: sea ice which is unaffected by deformation.

Light nilas: lYi2aswhich is more than 5 cm in thickness and rather lighter
in color than dark nilas.
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Mean ice edge: Average posit-ionof the ice edge
based on observations over a number of years.
are mean maximum ice edge and mean minimum ice

Medium first-year ice: First-Uear ice 70-120 cm

Medium floe: (see FZoe).

Medium fracture: 200 to 500 m wide.

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

Multi-year ice: OZd iee up to 3 m or more thick

in any given month or
Other terms which may
edge.

thick.

which has survived at

. ..—

period
be used

1east
two summers’ melt. Hmoeks even smoother than in second-~eur ice, and the
ice is almost salt-free. Color, where bare, is usually blue. Melt pattern
consists of large interconnecting irregular puddZes and a well-developed
drainage system.

New ice: A general term for recently formed ice which includes frazi2ice,
greaseice, sZush,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 usual1y
40°. Fragments are visible from the air at low altitude.

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

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

Old ice: Sea iee 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 muZti-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 Zeads and poZynyas, and the fZoes
are general ly 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 1/1O (1/8). Mhen 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 S1ight swell from grease ice, shuga
or sZush or as a result of the breaking of ice rind, niZas or, under severe
conditions of swel1 or waves, of gre~ 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.
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Polynya: Any non-1inear shaped opening enclosed in ice. Polynyas may contain
irask ice and/or be covered with neu ice, ni2as or young ice; submariners
refer to these as sky2ights. Sometines the polynya is 1imited on one side by
the coast and is called a share poZynya or by fast iee and is cdlled a
.?LawPO Lynya. lf it recurs in the same position every year, it is called a
recurring POlynga.

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 youxg ice.

Ram: An underwater ice projection from an
~“loe. Its formation is usually due to a
of the unsubmerged part.

Recurring polynya: A poZynya which recurs

ice Mall, ice front, iceberg, or
Imore intensive melting and erosion

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 haphazardly one
or walls. Usually found in first-year

Ridged-ice zone: An area in which much
has formed.

Ridging: The pressure process by which

piece over another in the form of ridges
ice.

ridged ice with similar characteristics

sea ice is forced into ridges.

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

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

Sastrugi: Sharp, irregular ridges formed on a snow surface by wind erosion
and deposition. On mobile floating ice the ridges are parallel to the
direction of the prevai1ing 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-yearice: ()?,Jice which has survivedonlyone 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 produces a regular
pattern of numerous smal1 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 fZau.

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

Shore polynya: A polynya between pack ice and the coast or between pack
ice and an ice front.

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

Skylight: From the point of view of the submariner, thin places in the
ice canopy, usually less than 1 m thick and appearing from below as relatively
1ight, 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 .

Smal1 floe: (see l%e).

Smal1 fracture: 50 to 200 m wide.

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

Small ice field: An ice fie2d 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 f20e 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 smal1 fragments detached from the main mass of ice, and run
together under the influence of wind, swell , or current.

Tabular berg: A flat-topped iceberg. Most tabular bergs form by ca2ving
from an -iceshe2f and show horizontal banding.

Thaw holes: Vertical holes in sea ice formed when surface puddZes meZt
through to the underlying uater.

Thick first-year ice: .~irst-yearice 30-70 cm thick.
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Tide crack: Crack at the 1ine of junction between an immovable ice foot or
ice tia2Z 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 F20e) .

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: .Paekice 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
niZas or young ice, its width varying from a few meters up to 100-200 m
from the shorel inc.

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

CALCULATED ICE STRENGTHENED SCANTLINGS

FOR THREE REPRESENTATIVE SHIPS

Abbreviations used in this Appendix are as follows:

MS = Mild steel.

HTS = Higher strength steel

ASTM = American Society for Testing and Materials

USCG = United States Coast Guard

ABS = American Bureau of Shipping

LR = Lloyd’s Register of Shipping (British)

DNV = Det Norske Veritas (Norwegian)

BV = Bureau Veritas (French)

NKK = Nippon Kaiji Kyokoi (Japanese)

GL = German isscher Lloyd (German)
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Ice
Class

A

B

c

IAA
co* IA

IB

IC

FORWARD

Frame Frame Plating
Spacing S.F]. Thick.

(p~i) (in) (in3) (in)

NA 12.9 5.8 0.60

NA 12.9 5.8 0.60

NA 12.9 5.8 W/ 0.50
4.4 inter

234.5 25.8 51.4 1.26

213.5 25.8 46.8 1.24

192.0 25.8 42.1 1.18

171.0 25.8 37.5 1.11

TABLE B-1.l

A8S STRENGTHENING FOR

NAVIGATION IN ICE

POLAR STAR

MIDSHIP

Franc Frame Plating
Spacing S.!!. Thick.

(p~i) (in) (in’) (in)

NA 12.9 5.8 0.50

NA 25.8 5.8 0.60-0.46

NA 25.8 5.8 0.40

122,5 25.8 26.9 0.96

98.0 25.8 21.5 0.86

65.5 25.8 14.4 0.72

34.1 25.8 7.5 0.54

Y = 50,000 psi

* Minimum should probably be equal to rule value of 0.42.

AFT

Frame Frame Plating
Spacing S.M. Thick.

p~i) (in) (in’) (in)

NA 12.9 5.8 0.50
NA 25.8 5.8 0.46

NA 25.8 5.8 0.40*

89.5 25.8 19.6 0.83

65.5 25.8 14.4 0.72

41.0 25.8 9.0 0.59

17.1 25.8 3.8 0.41*

Note: Classes IAA, IA, IB, & IC are identical to the Finnish-Swedish Regulations
for Navigation in Ice.



Ice
Class

1*

1

2

3

g

IA Super

1A

iB

IC

FORWARD

Frame Frame Plating
Spacing S.M. Thick.

p~i) (in) (in’) (in)

NA 12.9 5.8 1.25

NA 12.9 5.8 0.52

NA 12.9 5.8 0.52

NA 12.9 5.8 WI 0.50
2.9-4.6
inter

TABLE B-1 .1 (Continued)

LLOYD’S STRENGTHENING FOR

NAVIGATION IN ICE

POLAR STAR

MIDSHIP

Frame Frame Plating
Spacing S.M. Thick.

[p~i) (in) (in’) (in)

NA 12.9 5.8 0.55

NA 12.9 5.8 0.50

NA 25.8 5.8 0.56

NA 25.8 5.8 0.40

AFT

Frame Frame Plating
Spacing S.M. Thick.

(p~i) (in) (in’) (in)

NA 12.9 5.8 0.55

NA 12.9 5.8 0.50

NA 25.8 5.8 0.56

NA 25.8 5.8 0.42

— Same as ABS lAA >

— Same as ABS IA >

Same as ABS IB ●

< Same as A8S IC ●



TABLE B-1.1 (Continued)

CANADIAN ASPPR STRENGTHENING

Ice
Class

1

1A

2

3

4

6

7

8

10

FORWARD

Frame Frame Plating
P Spacing S.11. Thick.

[psi) (in) (in3) (in)

250 25.B 54.8 1.22
(16.0)2 (34.0)2 (0.75)2

400

600

800

I000

I200

I400

1500

1500

87.7 1.54
(54.4) (0.95)

131.5 1.88
(81.6) (1.17)

175.4 2.1B
(108.8) (1.35)

219.2 2.43
(135.9) (1.51)

263.0 2.66
(163.1) (1.65)

306.9 2.B8
(190.3) (1.78)

328.8 2.98
(203.9) (1.85)

328.8 2.98
(203.9) (1.85)

FOR NAVIGATION IN ICE

POLAR STAR 1

NIDSHIP

Frame Frame Plating
Spacing S.N. Thick.

(p~i) (in) (in’) (in)

100 25.8
(16.0)

260

400

530

660

750

850

950

950

1.Assuming no waste stowed in contact with shell
2.Scantl ings for alternate frame spacing.

21.9 0.77
(13.6) (0.48)

57.0 1.24
(35.3) (0.77)

87.7 1.54
(54.4) (0.95)

116.2 1.77
(72.0) (1.10)

144.7 1.98
(89.7) (1.23)

164.4 2.11
(102.0) (1.31)

186.3 2.24
(115.5) (1.39)

208.2 2.37
(129.1) (1.47)

208.2 2.37
(129.1) (1.47)

I

AFT

Frame Frame Plating
Spacing S.M. Thick.

p~i) (in) (in’) (in)

100 (;:
325

500

660

820

940

050

200

i 200

?’ 21.9 0.77
)) (13.6) (0.48)

71.2 1.39
(44.2) (0.86)

109.6 1.72
(68.0) (1.07)

144.7 1.98
(89.7) (1.23)

179.7 2.20
(111.5) (1.37)

206.0 2.36
(127.8) (1.46)

230.2 2.49
(142.7) (1.55)

263.0 2.66
(163.1) (,1.65)

263.0 2.66
(163.1) (1.65)

NOTE: Yield stress assumed to be 50,000 psi.



TABLE 8-1.1 (Continued)

DET NORSKE VERITAS STRENGTHENING

ICEC* \ N/A

IA*

IA

Icebreaker

Arctic
Icebreaker

N/A

12.0 13.5- 0.69

1.3

Same as ABS IAA

Same as ABS IA

Same as ABS IB

Same as ABS IC

16.3 27.5 1.38

16.3 34.4 1.79

—

* Scant lings should not exceed ABS IC.

[

NAVIGATION IN ICE

POLAR STAR

MIDSHIP

FOR

AFT

Frame Frame Plating
P Spacing S.1!. Thick.

‘pi) (in) (in’) (in) -

l/A

\/A

ifA

25.B 5.8 0.40

16.3 27.5 1.11

16.3 34.4 1.44

Frame Frame Plating
Spacing S.bl. Thick.

&tin) ~.

N/A 25.8 5.8 0.42

N/A 16.3 27.5 1.38

N/A i6.3 34.4 1.79



FORWARD

Ice

, ~“

Frame Frame Plating
Class

...J).L ‘Wg W) ‘!!:!”

Glace l-Super N/A 12.9 11.6- 1.26
5.8

Glace I N/A 12.9 11.6- 0.60
5.8

Cilace II M/A 12.9 11.6- 0.60
5.8

111 N/A 12.9 5.8- 0.50

TABLE B-1.1 (Continued)

BUREAU VERITAS STRENGTHENING FOR

IA Super

IA

IB

Ic

4.35

Same as ABS IAA

Same as A8S IA

Same as ABS IB

Same as ABS IC

—.

NAVIGATION IN ICE

POLAR STAR*

MIDSHIP

N/A

N/A

N/A

N/A

12.9 5.8 1.26

12.9 5.8 0.48

25.8 5.8 0.46

25.8 5.8 0.40

AFT

Frame Frame Plating

J?L...S!5H;32G1=

N/A 12.9 11.6- 1.26
5.8

N/A 12.9 11.6- 0.48
5.8

N/A 25.8 5.8 0.46

N/A 25.8 5.8 0.42

* Rule scant] ings are from A8S

r



Ice
Class

AA

A

B
ma

c

IA-Super

IA

IB

Ic

r

TABLE B-1 .1 (Continued)

NIPPOV4KAIJI KYOKA1

STRENGTHENING FOR NAVIGATION IN ICE

FORNARO

Frame Frame Plating
Spacing S.M.

f.P:iJ-.___(l!)__@..ll: ”_”_

N/A 16.0 57.1 1.31-
1.09

N/A 16.0 38.1 1.1o-
0.92

N/A 16.0 26.0 1.1o-
0.92

N/A 16.0 12.1 0.95-
0.79

Same as ABS IAA

Same as ABS IA

Same as ABS IB

Same as ABS IC

v = 18 knots

POLAR S’rAR

MIDSHIP—

Frame Frame Plating
Spacing S.M. Thick.

JJ1 (in)Ji ri:l_-fin~——— ..-.

N/A

N/A

N/A

N/A

16.0 27.5 0.B8

16.0 18.7 0.79

25.8 5.B 0.69

25.8 5.8 0.67

AFT

Frame Frame Plating
Thick.
(in)}WW:W-. ---

N/A 16.0 57.1 0.95-
0.79

N/A 16.0 38.1 0.95-
0.79

N/A 16.0 26.0 0.69-
0.57

NIA 16.0 12.1 0.42



Ice
Class

YAA

YA

Al

w
0 A2

A3

A4

TABLE B-1 .1 (Continued)

USSR REGISTER OF SHIPPING

STRENGTHENING FOR NAVIGATION IN

POLAR STAR

ICE

FORWARO

Frame Frame Plating
P Spacing ~S.}1. Thick.

.~si ) ~n~—( in ) (ik

273

162

NfA

N/A

N/A

12.9 15.6 0.71

12.9 7.2 0.60

12.9 7.0- 0.60
5.8

12.9 0.50
:::-

15.5 5.8 0.50

‘Y
= 50,000 psi

Note: Rule scantl ings are from ABS.

/

MIOSHIP

Frame Frame Plating
P Spacing S.M. Thick.

~sfl (in) (in (in)—

Iach Vessel Considered Separate

129

99

N/l!

N/A

WA

12.9 10.1

12.9 6.3

25.8 5.8

25.8 5.8

25.8 5.8

0.54

0.50

0.46

0.40

0.40

AFT

Frame Frame Plating
P Spacing S.!1. Thick.

Jlsi) (in) (in w

129

99

N/A

N/A

N/A

12.9 10.7

12.9 6.3

25.8 7.0-
5.8

25.8 5.8

25.8 5.8

0.54

0.50

0.46

0.42

0.42



TABLE B-1 .1 (Continued)

REGISTER OF THE PEOPLES REPUBLIC

BI* NA 12.9 11.6 0.72

BI NA 12.9 11.6 0.60

BII NA 12.9 11.6 0.56

BIII NA 12.9 5.8 0.50

: B (4A 12.9 5.8-1.7 0.55

(River
Vessels)

OF CHINA

POLAR STAR*

MIOSHIP

Frame Frame Plating
Spacing S.M. Thick.

(p~i) (in) (in’) (in)

NA 12.9 5.8 0.56

NA 12.9 5.8 0.50

NA 25.8 5.8 0.46

NA 25.8 5.8 0.40

NA 25.8 5.8 0.40

AFT

Frame Frame Plating
Spacing S.N. Thick.

[p~i) (in) (in’) (in)

NA 12.9 11.6 0.50

NA 12.9 11.6 0.48

N!l 25.8 5.8 0.44

NA 25.8 5.3 0.42

NA 25.8 5.8 0.42

*Rule scantlings are from ABS .



Ice
Class

A

B

c

wN IAA

IA

IB

Ic

FORWARD

Frame Frame P1ating
Spacing S.M. Thick.

(p~i) (in) (in’) (in)

NA 16.5 116.9 1.00

NA 16.5 116.9 1.00

NA 16.5 116.9 W/ 0.84
87.7inter.

234.5 32.9 234.2 1.57

213.5 32.9 213.2 1.50

192.0 32.9 141.8 1.43

171.0 32.9 170.8 1.35

TABLE B-1 .2

ABS STRENGTHENING FOR

NAVIGATION IN ICE

M.V. ARCTIC

MIDSHIP

Frame Frame Plating
Spacing S.F1. Thick.

(p;i) (in) (in3) (in)

NA 16.5 116.9 0.84

NA 32.9 116.9 1.00-0.77

NA 32.9 116.9 0.67

122.5 32.9 122.3 1.16

98.0 32.9 97.9* 1.04

65.5 32.9 65.9* 0.87

34.1 32.9 32.9* 0.65***

y= 50,000 psi

*** Minimum should probably be equal to rule Value Of 0.67.
** Minimum should probably be equal tO rule Value Of 0.60
*Minimum S.M. should probably be equal to rule value of 116.9.

AFT

Frame Frame Plating
Spacing S.M. Thick.

(p~i) (in) (in’) (in)

NA 16.5

NA 32.9

NA 32.9

89.5 32.9

65.5 32.9

41.0 32.9

17.1 32.9

116.9 0.84

116.9 0.77

116.9 0.67

89.4 1.00

65.4* 0.87

41.0* 0.70

17.1* 0.48**



TABLE B-1 .2 (Continued)

LLOYD’S STRENGTHENING FOR

NAVIGATION IN ICE

M.V. ARCTIC

FORWARD MIOSHIP AFT

Ice Frame Frame PIating Frame Frame P1ating Frame Frame Plating
Class Spacing S.PI. Thick. Spacing S.!4.

1 (p;i) (in)
Thick. Spacing S.M.

(p;i) (in)
Thick.

(in3) (in) (in’) (in) (p~i) (in) (in’) (in)

]* NA 16,5 116.9 1.25 NA 16.5 116.9 0.75 NA 16.5 116.9 0.67

1 NA 16.5 116.9 0.80 NA 16.5 116.9 0.67 NA 16.5 116.9 0.67

2 NA 16.5 116.9 0.80 NA 32.9 116.9 0.87 NA 32.9 116.9 0.87

3 NA 16.5 116.9 W/ 0.67
1

NA 32.9 116.9 0.67 I NA 32.9 116.9 0.60
58.5-93.5

w inter
LJ

IA Super Same as ABS IAA ●

IA 1’ Same as ABS IA ●

IB < Same as A8S 18

IC < Same as A8S IC ●
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Ice
Class

G?ace I-Super

GlaCe I

Glace II

a
m Glace 111

IA Super

IA

IB

Ic

r

FORWARD

Frame Frame Plating
Spacing S.M. Thick.

h3L41M-@ll)_fl!)_.

N/A 16.5 233.8- 1.26
116.9

N/A 16.5 233.8- 1.01
116.9

N/A 16.5 233.8- 1.01
116.9

N/A 16.5 116.9 0.84
87.7

Same as ABS IAA

Same as ABS IA

Sare as ABS 16

Same as ABS IC

TABLE B-1 .2 (Continued)

BUREAU VERITAS STRENGTHENING FOR

*P.ule values are from ABS.

NAVIGATION IN ICE

M.V. ARCTIC*

MIDSHIP

Frame Frame Plating
Spacing S.PI. Thick.

}Lti~unL.

N/A

N/A

N/A

N/A

16.5 116.9 1.20

16.5 116.9 0.80

32.9 116.9 0.77

32.9 116.9 0.67

AFT

Frame Frame Plating
Spacing S.M. Thick.

p:’ (in) (in3) (in)-

N/A 16.5 233.B- 1.10
116.9

N/A 16.5 233.8- 0.80
116.9

N/A 32.9 116.9 0.77

N/A 32.9 116.9 0.60



Ice
Class

AA

A

IA-Supel

IA

IB

Ic

FORWARD

Frame Frame Plating
Spacing S.M. Thick.

lp~i~ (in) (in~ (in)

N/A 16.5 10.91 1.57-
1.31

N/A 16.5 7.27 1.31-
1.09

N/A 16.5 4.96 1.31-
1.09

N/A 16.5 2.31 1.12-
0.94

Same as ABS IAA

Same as ABS IA

Same as ABS 16

Same as ABS IC

TABLE B-1.2 (Continued)

NIPPON KAIJI KYOKAI

STRENGTHENING FOR NAVIGATION IN ICE

FI.V. ARCTIC

MIDSHIP

Frame Frame Plating
P Spacing S.M. Thick.

ysi) (in) (in3) (in)

N/A 16.5

N/A 16.5

N/A 32.9

N/A 32.9

134.6 1.04

90.2 0.94

116.9 0.89

116.9 0.67

AFT

Frame Frame Plating
P Spacing S.M. Thick.

~si) (in) ~ifi) (in)

N/A 16.5 10.91 1.12-
0.94

N/A 16.5 7.27 1.12-
0.94

N/A 16.5 4.96 0.80-
0.67

N/A 16.5 2.31 0.60

V = 17 knots

r



Ice
Class

YAA

YA

Al

% A2

A3

A4

FORMARD

TABLE B-1 .2 (Continued)

USSR REGISTER OF SHIPPING

STRENGTHENING FOR NAVIGATION IN

Frame Frame Plating
Spacing S.M.

LP31_.4nHi.~1-M-L

409

245

NA

NA

NA

16.5

16.5

16.5

16.5

19.7

98.6 1.06

45.1 1.00

140.3- 1.00
116.9

116.9- 0.84
87.7

116.9 0.84

NOTE: Rule scantlings are from ABS.

r

M.V. ARCTIC

MIDSHIP

ICE

Frame Frame Plating
Spacing S.)1. Thick.

@a_tid–_@ll_Qti_=

Each Vessel Considered Separat

255

224

NA

NA

NA

16.5

16.5

32.9

32.9

32.9

120.6 0.84

79.5 0.83

116.9 0.77

116..9 0.67

116.9 0.67

AFT

Frame Frame Plating
Spacing S.M. Thick.

lL..-(@_J ______

IY — b

255

224

NA

NA

NA

16.5

16.5

32.9

32.9

32.9

120.6 0.84

79.5 0.83

116.9 0.77

116.9 0.60

116.9 0.60



Ice
Class

BI*

BI

BII

BIII

a
a B

(River
Vessels

TABLE B-1 .2 (Continued)

REGISTER OF THE PEOPLES REPUBLIC

FORWARO

Frame Frame Plating
Spacing S.M. Thick.

p~i) (in) (in’) (in)

INA 16.5 234

NA 16.5 234

NJ-I 16.5 323

iiA 16.5 116.9

NA 16.5 116.9-
35.1

1.21

1.00

0.94

0.84

0.76

OF CHINA

M.V. ARCTIC*

MIDSHIP

Frame Frame Plating
Spacing S.M. Thick.

p~i) (in) (in’) (in)

NA 16.5 116.9 0.94

NA 16.5 116.9 0.80

NA 32.9 116.9 0.74

NA 32.9 116.9 0.67

NA 32.9 116.9 0.67

AFT

Frame Frame Plating
Spacing S.M. Thick.

~p~i) (in) (in3) (in)

NA 16.5 234 0.34

NA 16.5 234 0.80

NA 32.9 116.9 0.74

NA 32.9 116.9 0.60

I~A 32.9 “116.9 0.60

*Rule scantl ings are from ABS.



Ice
Class

A

B

c

IAA

IA

15

IC

TABLE B-1.3

ABS STRENGTHENING FOR

NAVIGATION IN ICE

ARCTIC TANKER

FORblARD NIDSHIP

Frame Frame Plating Frame Frame PIating
Spacing S.N. Thick. Spacing S.14.

(p~i) (in)
Thick.

(in’) (in) (p~i) (in) (in’) (in)

NA 19.8

NA 19.8

NA 19.8

234.5 39.5

213.5 39.5

192.0 39.5

171.0 39.5

38.4 1.00 NA 19.8

38.4 1.00 NA 39.5

38.4 W/ 1.00 NA 39.5
28.8 inter

67.8 1.81 122.5 39.5

61.7 1.73 98.0 39.5

55.5 1.64 65.5 39.5

49.4 1.55 34.1 39.5

38.4 1.00*

38.4 1.00*

38.4 1.00*

35.4** 1.33

28.3** 1.20

18.9** 0.99*

9.85** 0.74

AFT

Frame Frame Plating
Spacing S.M. Thick.

(p;i) (in) (in’) (in)

NA

NA

NA

89.5

65.5

41.0

17.1

19.8

39.5

39.5

39.5

39.5

39.5

39.5

38.4 1.00

38.4 1.00

38.4 0.78

25.9** 1.15

18.9** 0.99

11.9** 0.80

4.9** 0.55***

Y = 50,000 psi

***Should probably be equal to rule Vi31Ue of 0.78.
**Should probably be equal to rule value Of 38.4.
*Should probably be equal to rule value of 1.05.



TABLE B-1.3 (Continued)

LLOYD’S STRENGTHENING FOR

NAVIGATION IN ICE

ARCTIC TANKER

FORWARD MIDSHIP

Ice Frame Frame Plating Frame Frame PIsting
Class Spacing S.M. Thick. Spacing S.M. Thick.

(p~i) (in) (in’) (in) (p;i) (in) (in’) (in)

1* NA 19.8 38.4 1.25 NA 19.8 38.4 1.25

1 NA 19.8 38.4 1.00 NA 19.8 38.4 1.00*

2 NA 19.8 38.4 1.00 NA 39.5 38.4 1.00*

3 NA 19.8 38.4 W/ 1.00 NA 39.5 38.4 1.05
19.2-30.7

inter

AFT

Frame Frame Plating
Spacing S.M. Thick.

(p~i) (in) (in’) (in)

NA 19.8 38.4 1.15

NA 19.8 38.4 1.00

NA 39.5 38.4 1.00

NA 39.5 38.4 0.78

=
IA Super < Same as ABS IAA ,

IA < Same as ABS IA

IB Same as ABS IB

Ic —-- Same as ABS lC

* Should probably be equal to rule value of 1.05.



TABLE B-1.3 (Continued)

CANADIAN ASPPR STRENGTHENING

Ice
Class

1

1A

2

6

7

8

10

FORWARD

Frame Frame Plating
Spacing S.M. Thick.

(p;i) (in) (in’) (in)

400 39.5 106.2 2.36
(19.8)3 (53.3)s(1.18)3

600

800

1000

1200

1400

1500

1500

1500

159.4 2.88
(79.9) (1.45)

212.5 3.33
(106.5) (1.67)

265.6 3.72
(133.1) (1.87)

318.7 4.08
(159.8) (2.04)

371.8 4.41
(186.4) (2.21)

398.4 4.56
(199.7) (2.92)

398.4 4.56
(199.7) (2.29)

398.4 4.56
(199.7) (2.29)

FOR NAVIGATION IN ICE

ARCTIC TANKER1

MIDSHIP

Frame Frame P1atina
Spacing S.M. Thick. ”

(p~i) (in) (in’) (in)

100 39.5 26.62 1.18
(19.8) (13.3) (0.59)

260

400

530

660

750

850

950

950

1. No side tanks: waste stowed next to shell.

69.1 1.90
(34.6) (0.95

106.2 2.36
(53.3) (1.18

140.8 2.71
(70.6) (1.36

175.3 3.03
(87.9) (1.52

199.2 3.23
(99.8) (1.62)

225.7 3.43
(113.2) (1.72)

252.3 3.63
(126.5) (1.82)

252.3 3.63
(126.5) (1.82)

AFT

Frame Frame Plating
Spacing S.M. Thick.

(p~i) (in) (in’) (in)

100

32’5

500

660

820

940

050

200

200

39.5 26.6** 1.18
(19.8) (13.3) (0.59)

86,3 2.12
(43.3) (1.06)

132.8 2.63
(66.6) (1.32)

175.3 3.03
(87.9) (1.52)

217.8 3.37
(109.2) (1.69)

249.7
(125.1

278.9
(139.8”

318.7
(159.8

318.7
(159.8

3.61
(1.81)

3.82
(1.91)

4.08
(2.04)

4.08
(2.04)

2. Should be equal to rule value of 38.5.
3. Scantl ings for alternate frame spacing.

r



Ice
Class

ICE C

IA*

IA

IB

z IC
u

Icebreaker

Arctic
Icebreaker

TABLE B-1 .3 (Continued)

DET NORSKE VERITAS STRENGTHENING FOR

FORNARO

Frame Frame Plating
Spacing S.)1.

fPL–~@-l-2fi:

N/A

N/A

N/A

12.0 131- 1.00
760

Same as ABS IAA

Same as ABS IA

Same as ABS IB

Same as ABS IC

27.4 61.2 3.17

27.4 76.5 4.12

NAVIGATION IN ICE

ARCTIC TANKER

MIDSHIP

Frame Frame Plating
Spacing S.N. Thick.

P-~1)—(Ln) (in (in)

N/A

N/A

N/A

39.5

27.4

27.9

38.4

61.2

76.5

1.05

2.53

3.29

AFT

Frame Frame Plating
Spacing S.N. Thick.

1~) (in (-L!lL

N/A 39.5

N/A 27.9

N/A 27.9

30.4 0.78

61.2 3.17

76.5 4.12

I

* Scantl ings should not exceed ABS IC.

*



Ice
Class

Giace I-Super

Glace I

Glace II

1A Super

IA

IB

Ic

FORWARD

Frame Frame Plating

pli_)_?fi~~_ti&.. li=

N/A 19.8 76.8- 1.26
38.4

N/A 19.8 76.8- 1.00
38.4

N/A 19.8 76.8- 1.00
38.4

N/A 19.8 38.4- 1.00
28.8

Same as ABS IAA

Sam as A8S 1A

Same as ABS 18

Same as ABS IC

TABLE B-1 .3 (Continued)

8UREAU VERITAS STRENGTHENING

—.

** should be equal to rule value Of 1.05.
* Rule values are frorlABS.

I

FOR NAVIGATION IN ICE

ARCTIC TANKER*

MIDSHIP

Frame Frame Plating
Spacing S.M.

&=lizl_mT!:L.

N/A

N/A

N/A

N/A

19.8 38.4 1.26

19.8 38.4 1.00**

39.5 38.4 1.00**

39.5 38.4 1.00**

AFT

Frame Frame Plating
.D Spacing S.!1. Thick.,

P>j.) (in) ..fi~_~l_

N/A 19.8 7.68- 1.26
38.4

N/A 19.8 7.68- 1.00
38.4

N/A 39.5 38.4 1.00

N/A 39.5 38.4 1.00



Ice
Class

M

A

IA-super

IA

IB

Ic

TABLE B-1 .3 (Continued)

NIPPON KAIJI KYOKAI

STRENGTHENING FOR NAVIGATION 1!4

FORWARD

Frame Frame Plating
P Spacing S.M. Thick.

@i) (in) (in3j (in)

Y/A 19.8 185.7 1.99-
1.66

N/A 19.8 123.8 1.66-
1.38

N/A 19.8 84.4 1.66-
1.38

N/A 19.8 39.4 1.41
1.18

Sam as ABS IAA

Same as ABS IA

Same as ABS IB

Same as ABS IC

V = 24 knots

r

ARCTIC TANKER

MIDSHIP

ICE

Frame Frame Plating
Spacing S.M. Thick.

~~i) (in) (in’) (in~

N/A

N/A

N/A

N/A

19.8 98.7 1.31

19.8 66.2 1.18

39.5 38.4 1.12

39.5 38.4 1.05

AFT

Frame Frame Plating
P Spacing S.11. Thick.

}si) (in) (in3) (in)

N/A 19.8 185.7 1.41-
1.18

N/A 19.8 123.8 1.41-
1.18

N/A 19.8 84.4 1.00-
0.83

N/A 19.8 39.4 0.78

I



Ice
Class

YA

Y

1

z 2m

3

4

NOTE:

[“

FORWARD

Frame Frame Plating
Spacing S.M. Thick.

fp~_Ji nj (i@ ) W_

1030

619

NA

NA

NA

19.8

19.8

19.8

19.8

23.7

70.5 2.02

32.3 1.58

46.1- 1.00
38.4

38.4- 1.00
28.8

38.4 1.00

TABLE B-1 .3 (Continued)

USSR REGISTER OF SHIPPING

STRENGTHENING FOR NAVIGATION IN

Rule scantlings are from ABS.

ARCTIC TANKER

MIDSHIP

ICE

AFT.

Frame Frame Plating
P Spacing S.M. Thick,

}si) (in~ (int) (~in

;ach Vessel Considered Seoarate

487

458

NA

NA

NA

19.8

19.8

39.5

39.5

39.5

51.8

34.2

38.4

38.4

38.4

1.39

1.35

1.05

1.05

1.05

Frame Frame Plating
Spacing S.}!.

A__(in)
Thick.

in3 (inj

487

458

NA

NA

NA

19.8

19.8

39.5

39.5

39.5

51.8 1.39

34.2 1.35

38.4 1.00

38.4 0.78

38.4 0.78



Ice
Class

BI*

BI

BII

BIII

B
z

(River
Vessels

TABLE B-1.3 (Continueclj

REGISTER OF THE PEOPLES REPUBLIC

FORWARD

Frame Frame Plating
Spacing S.M. Thick.

p~i) (in) (in’) (in)

NA 19.8 76.8 1.26

NA 19.8 76.8 1.00

iW4 19.2 76.8 1.00

NA 19.8 38.4 1.00

NA 19.8 38.4-11.5 0.55**

OF CHINA

ARCTIC TANKER*

MIDSHIP AFT

Frame Frame Plating Frame Frame Plating
Spacing S.M. Thick. P

p;t) (in)
Spacing S.M. Thick.

(in’) (in) (psi) (in) (in’) (in)

NA 19.3 38.4 1.26 INA 19.8 76.8 1.26

N!4 19.s 38.4 1,00*** NA 19.8 76.8 1.00

NA 39.5 38.4 1.00*** NA 39.5 38.4 1.00

NA 39.5 38.4 1.05 NA 39.5 38.4 0.78

NA 39.5 38.4 1.05 riA 39.5 38.4 0.78

I

*** Should be equal to rule value of 1.05.
** should be equal to rule value of 0.78.
* Rule Scantlings are from ABS.



APPENDIX B-2

CALCULATED LOAD-CARRYING CAPABILITIES OF RESULTING

SCANTLINGS FOR THREE REPRESENTATIVE SHIPS
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*P. ..—. ..—

METHOD USED TO CALCULATE THE LOAD CARRYING
CAPABILITY OF SHELL PLATING ANO TRANSVERSE FRAMES

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

P1sting is assumed to be a fixed-fixed beam with a uniformly distributed
load. Then the pressure to form 3 plastic hinges is

40 t2

P [psi] = +--
s fd

(B-1)

where

Uu = yield stress of the material [psi]

~ = plating thickness [in]

s = frame spacing [inl

fd = a factor which gives a reduction in plating stress due
to 1imited vertical extension of the ice pressure

Transverse frames are
distributed load 800 mm long
frames wi11 support prior to

,=~

where

assumed to be fixed-fixed beams with a uniformly
acting at mid-span. Then the pressure which the
development of three plastic hinges is:

(B-2)

UU and s are defined above

2 = frame span [ft]

~ = extent of the load [in]

SM = section modulus of the frame and associated
plating [in3]

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

0.254 0 S.M.
P [psi] =* (B-3)

Then the normal load carrying capability is the load the plating or framing
wil1 carry (P) over the pressure specified in the rules (Prule).

. . .



TABLE 6-2. !
COMPARISON OF ICE 5TREtlG1HFNE0 SCANTLINGS

[N TERMS OF I1OIC+AL I ZED LO&D CARRYING CAPABILITY

~ol

F~;n; PAC. F~n; jM. PLATE THICK.
‘1 ‘R. 1 e PP 1,,, e ‘F,,., ‘lPR,I e

RULE CLhSS AREA [f”]
P Psil

MS +Al

A

B

c

lAA

1A

18

IL

LLOYDS 1,

1

2

3

Mid
80” & 5telv7

B
M
s

B
ii
s

B
M
s

B
M
s

8
M
s

;
s

8
M
s

B
M
8

8
14

s

8
M
s

B
14
s

1A sup,,
1A
18
lC 1–

ASPPR 1

1A

2

3

4

6

8

10

B
H
s

0
M
5

B
M
5

8
M
s

B
M
s

0
M
s

B
M
5

B
M
5

0
M
5

25.8
25.8

12.9
12,9
!2.9

12.9
25.8
25,8

12.9
25.8
25.8

25.8
25.8
25.8

25,8
25.8
25,8

25.8
25.8
25.8

25.8
25,8
25.8

12.9
12,9
12.9

12.9
12,9
12.9

12,9
25.8
25.8

12.9
25,8
25.8

Sme ,, ABS

25.8

5.8
5.8

5,6
5.8
5.8

5.8
5.8
5,8

5,1
5.8
5.8

51.4
26,5
19.6

46.8
21,5
14.4

42,1
14,4

9,0

37.5
7.5
5.8

5.8
5.8
5,8

5,8

5,8
5,8

5,8
5.8
5,0

4.8
5.8
5.8

0.40
0.42

0.60
0.50
0.50

0.60
0,53
0.46

0.50
0.40
0.42

1.26
0.96
0.83

).24
0.86
0.72

1.18
0.12
0.59

1.11
0.54
0.42

1.25
0.55
0.s5

0.52

0.50
0,50

0.$2
0,56
0.S6

0.s0
0.40
0,42

NA
MA

7.35
5,58
5.12

7.35
1.75
!.20

5,12
1.00
1.00

9.03
5.73
3.92

8,75
4.60
2,95

7.92
3,22
1.98

7.02
1.82
1.00

31.93
6.75
6,18

5.53

5,58
5.12

5.53
1.95
1.78

5.12
1.00
1.00

:
441
307
307

441
96
72

307

::

542
315
235

525
253
177

475
177
119

421
100

60

1916
371
371

307
307

332
107
I 07

307

2;

33
33

66
66
66

66
33
33

58

::

293
153
112

267
123

82

240
82
51

214
43
33

66
66
66

66

66
66

66
33
33

55

:;

54.8
21.9
2{.9

87.7
57.0
71.2

131.5
87.7

109,6

175.4
116.2
144.7

219,2
144.7
179,7

263,0
164,4
206.0

306.9
186.3
230.2

328.8
208.2
261.0

328.8
?08.2
263.0

1.22
0,77
0.77

1.54
1.24
1.39

1.88
1,s4
1.72

2.18
1.71
1.98

2,43
1.98
2.20

2.66
2,11
2,36

2.88
2.24
2.49

2.98
2.3)
2.66

2,98
2.37
2.66

8.47
3.67
3,37

I::fi

11.00

20.12
14.70
16.83

27.05
19.45
22.31

33.60
24,34
27.53

40.27
27.63
31.70

47.18
11.14
35.28

50.53
34.87
40.27

50.53
34.87
#0.27

508
202
202

810
525
660

1207
809

1010

1623
1070
1339

2016
1339
1652

2416
1520
1902

2831
1113
2117

3032
1918
2416

3032
1918
2416

313
125
125

50)
325
406

750
501
626

1001
663
826

1251
826

1026

1501
938

1176

1152
1063
1314

1877
1188
1501

1811
1188
1501

MA
MA

2.LHI
2.cm
2.00

2.00
1.00
1.00

1.76
1.CO
1.00

8.88
4.64
3.39

8.09
3.73
2,48

7.27
2.48
1.55

6.48
1.30
1.W

2.LM
2.00
2,00

2.M

2.C4
2,W

;:~

1,00

1,67
I.W
1.00

—

‘3,48
3,79
3.79

15, la
9.85

12.30

22.73
15.18
18.97

30,33
20. W
25.03

37.91
25. o3
31.09

45.48
20.42
35.64

53.09
32.21
39,82

56.88
36. cd
45.48

56. ?33
36. C4
45.48

110 a——_
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TABLE B-2.1 (Continued)

COMPARISON OF ICE STRENGTHENED SCAN1LI!4GS
Ill TERMS OF11ORM.4LlZED LOAD CARRYING CAPABIL lTY

FynPAc Flwf S.H, PLAT;,; lCK.
‘i ‘R. 1 e PP1:, a ‘F.me ‘lpRule

RULE CLASS AREA [i”!] 0s41

ONv ICE c

ICEBREAKER

ARCTIC
1CEBREAKER

IA+
1A
IB
lC

I
!41,,. l-sup,,

Gl%ce 1

Glace Z

Glace 3

1A SUOC,
1A
lB
lC )

YA

B )2.0
M 25.8
s 25.8

B 16.3
H !6,3
s 16,3

B 16.3
H 16,3
s 16.3

— Sam ,$ m

@ 12.9
M 12,9
s 12.9

8 12.9
M 12.9
5 12.9

B 12.9
H 25.8
s 25.8

7.4 0.69
5.8 0.40
5,8 0,42

27.5 1.38

27.5 1.11

27.5 1,38

34.4 1.79
34.4 1.44

34.4 1.79

661
55
60

S36
379
586

985
638
985

91
33
33

248
240
248

311
311
311

2,77
I.ix
l.m

7,52
7.52
7.52

9.42
9.42
9.42

—

3.00
Z.m
3.00

3.CO
2,W
3.M

l.ca
1,W3
I,c.1

1.76
l.m
I,w

11.02
1.00
1,00

9.77
6.89
9.77

16,42
11.60
16.42

32.43
35.38
32.43

7.35
5.15
4.72

7.35
1.31
1.20

5.12
1.00
I.c+

1946
1946
1946

441
283
283

441
72
72

307
55
60

99
66
99

99
66
99

99
33
33

w,
33
33

8UREAU
VLRITAS

8,7 1.26
5.8 1.26
8,7 1,26

8.7 0,60
5.8 0.48
8.7 0.40

8.7 0.60
5.8 0.46
5.0 0.46

5.1 0.50
5.8 0.40
5.8 0.42

B i2.9
M 25.8
s 25.8

— S,. as Pm

B 12.9
!4 12.9
s 12.9

15.6
10.1
10,1

0.71
0.54
0.54

0,60
0.50
0.50

0.60
0.46
0.46

0.50
0.40
0.42

0.50
0.40
0,42

1.20
0.88
0.87

1,01
0.79
0.87

1.01
0,69
0.63

0.87
0,67
0,42

10.30
6.51
5.97

7.35
5.5s
5.12

7.35
1,31
1.20

5.12
1.00
1.00

3.%
1.C4
1.00

19,33
11.35
10.17

13.70
9.15

10,17

13.70
2,96
5.33

10.17
2.78
2,77

5.39
3.44
3.48

2.48
2.18
2.18

2.21
l.m
1.!2

1.16
1.00
I.w

1.67
I.ca
1.00

15.91
1,67

15.91

1:::

10. M

7.24
l.m
7.24

3.36
1.00
3.36

618 178
358 115
354 115

RUSS IAN

hl

$.2

A3

A4

B 12.9
N 12,9
s 12.9

B 12.9
H 25.8
s 25.8

B m:
H
s 25.8

8 15.5
M 25.8
s 25,8

B 16.0
!4 16.0

s 16.0

B 16.0

M 16.0

s 16.0

7.2
6,3
6.3

6.4
5,8
6,4

5.1
5.8
5,8

5.8
5.8
5.8

57.1
:;:;

38.1
;:;

26.0
5.8

26.0

12.1
5.8

lZ.1

441 73
72
72 :

307
55 ::
60 33

215 55
55 33
60 33

NK.K
1160 525

624 253
610 525

822 351
503 ~
610

M

&

B

c

822 239
163
320 2::

B 16.0

H 25.8

s 16,0

B 16.0

M 25.8

s 16.0

610 111
153
!42 Ii;

s—

;; super

18 1—saw a, )BS

lC

0 12.9 11.6
M 12.9 5,8

s 12,9 11.6

_—

636
385
301

441
307
283

385
72
66

307
55
60

371
55
60

4,cm
2.WI
4.cw3

4.Lm
2.ca
4,W

4.00
l.m
1.W

2.00
1.W
1.03

1.30
I .Cd
1.00

132

13

132

Ifi

132
33
33

66
33
33

43
31
13

0.72
0.56
0.50

0,60
0.50
0.a8

0.56
0.46
0,44

0.50
0.40
0.42

0.55
0.40
0.42

111

!0.60
7 .I13
5.12

7.35
5.58
4.72

6.42
1.31
1.10

5.12
1.00
1.00

6.18
1,00
1.00

PELWE5 RE?w 81.
LIC OF CHINk

0[

BII

B1l!

(R{;e.
Ve,$el s )

B 12.9 11.6
M 12,9 5,8

5 12.9 11.6

B 12.9 11.6
H 25,8 5.8

s 25.0 5.8

B 12.9 5.8
M 25.8 5,8

s 25.8 5.8

8 12.9 3.8

!4 25.8 5.8

8 25.8 5.8



TA8LE B-2.2
CCMPARISON OF ICE STRENGTHWED SCAWLINGS

IN TERMs OF NOWAL12E0 LOAD CARRYING CAPABILITY

M.V, &RCTIC

FRANE SPAC. FRA~n:iM. PLAT~j:ICK. ‘lpR”le ,<pP1ate ‘Frame ‘/pRule

RULE [LASS AREA [<.1 ~sil

ABS +A1 32,9 104

0’;8 32,9 83

A

1AA

1A

18

lC

LLOYO, S 1.

[A super
lA
10
lC t

ASPPR 1

1A

3

4

6

7

8

10

ICEBREAKER

AKCT!C
lCEBREAK[h

1A.
In
IB
lC 1

8
H
s

B
M
s

0
ii
8

a
14
s

8
M
s

8
M
s

0
M
s

8
14
8

8
M
s

8
M
s

B
M
s

B
1!
s

B
M
5

8
($
5

B
M
s

11
,

B
!4
5

8
H
s

B
M
s

B
14
8

B
14
s

8
1<
s

B
M
s

16.5
16.5
16.5

16.5
32.9
32.9

16.5
32.9
12,9

32.9
32,9
32.9

32,9
32,9
32.9

32.9
32,9
32.9

32,9
32.9
32,9

16.5
16,5
16,5

16,5
16,5
16.5

16.5
32.9
37.9

16.5
32.9
32.9

same a, ABS

32.9

i
12.0
32.9
32.9

20,5
20.5
20.5

2U.5
20.5
20.5

8.., as ABS

116,9
116,9

116.9
116.9
116,9

116.9
116.9
116,9

102,3
116.5
116.9

234.2
122.3
116.9

213.2
116.9
116.9

191.8
116,9
116,9

170,8
116.9
116,9

116.9
116,9
116.9

116.9
116.9
116.9

116.9
116.9
1)6.9

96.5
116.9
116.9

249.7
116.9
116.9

399.5
116.9
324.6

599.2
259.7
499.4

199,0
199.5
659.2

%8. 7
5?9 .1
819.11

1198.5
659.2
938.8

Ifi:;

1048.7

1a98.1
848.9

1198,5

l&98.1
948.8

1198.5

284.0
116.9
116.9

1161.0
1161 .(1
1161.11

1451.0
1451. [1
1451.0

0.67
0,60

1.00
0.84
0.84

1,00
0.09
0.77

0,84
0.67
0.67

1.57
1,16
1.00

1.50
1.06
0,87

1,43
0.87
0.70

1.35
0.67
0,60

1.25
0.75
0.67

0.80
0.67
0,67

0.80
0.67
0.81

0.67
0.67
0.60

1.55
0.98
0.98

1.96
0.98
1.77

2.40
1,58
2.19

2.77
1.96
2.52

1.10
2.26
2.111

3.40
2.5?
1.01

3.67
2,69
3.18

3.80
2.86
3.40

3.80
3.02
3.40

1.00
0,61
0.60

0.85
0.68
0.85

1.11
0.98
1.11

m
NA

9,12
5,13
6.43

9.12
,.76

1.65

6.43
I.flo
1.25

6,85
2.99
2.78

6.27
2.40
2.11

5.69
1.60
1,36

5,07
1.00
).00

14.2s
4.10
4.10

5.84
1.27
4,09

5.84
1.00
2.11

4.09
1.00
1.00

6.69
2.13
2.61

10.61 I
2.13
8,12

l“, U2
5.58

13.34

21.35
8.53

17.46

26.13
11.35
21.98

32.17
14.11
25.22

37.48
16.07
28.14

40.18
)8.16
32.17

40,15
20,26
32.17

1.00
1.00

4.46
2.28
4.46

7.60
4.72
7,60

757
534
534

757
183
137

534
104
I 94

569
311
231

520
250
175

472
175
113

421
104

83

1183
426
340

485
340
340

085
104
175

340
104

81

555
222
222

887
222
7?4

1330
576

1108

1772
887

1467

??19
1180
1824

2670
l&67
2091

3111
1671
2336

3335
1889
2670

3335
2107
2670

1002
104

83

370
237
370

631
491
631

146
146

292
292
292

292
1t6
106

255
146
146

293
153
146

261
146
146

240
146
146

214
146
146

292
2q2
29?

292
292
292

292
146
146

240
146
146

313
146
146

500
146
406

750
325
625

1000
500
826

1751
663

1026

1501
826

1176

1151
938

1313

1876
1063
1501

1876
1188
150)

975
146
146

2313
2331
2331

2916
2q16
2916

NF,
M

2.00
2.00
2.00

2.00
1,00
1.00

1,15
1.00
1,00

2.01
1.05
1.00

1.03
1.00
1.00

1.64
1,00
1.00

1,47
1.00
1.00

2.00
2.00
?00

2.00
2.00
2.00

2.00
1.00
1,00

1.64
1,00
1.00

2.14
1.00
1.00

3.42
1.00
2.78

5.14
2.23
4.28

6.85
1.47
5.66

8.57
6.54
7 03

102B
5.66
805

11.99
6.42
8.99

!2.85
7.28

10,28

12.85
8.14

10.28

6.67
1.00
1.00

15.98
15,98
15.98

19.97
19.91
19.97
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RULE

BUREAU
VER[lAS

W!,5, AN

T&8L[ 8-2.2 ICantin”ed)
CCWARISOll OF ICE 5TRENGTHE14ED SCANTL1NG5

IN TERMS OF NORMALIZED 10Ao CARRYING CAPA81L1TY

M. VLMUL1!C

F~nPAc
CIASS bREA

Glace I S“,, r 8
M
s

Glace 1 0
M
s

G),,, 11 8
M
5

cl.., !1[ 8
14
s

1A s.wr
[,!
[R \-
11 I

“h

w

A

B

c

[A s.”,,
IA
1II
lC 1

PEOPLE5 RI PW- 01.
l.l L ill LIIINA

n]

011

8111

16.5
16.5
16.5

16.5
16.5
16.5

16.5
32.9
32.9

16,5
32.9
32.9

s,.. as ABS

)6.5
)6.5
16.5

16.5
16.5
16.5

16.5
32.9
3?9

16,5
12.5
12,9

16.5
32.9
32.9

16.5
16.5
16.5

16.5
16.5
16.5

16.5
329
16.5

16.5
32.9
16.5

5,”). as MBS

16.5
16.5
\6.5

16.5
165
16!,

)6.5
3?.9
32.9

)6.5
3?.9
12.9

16,5
32.9
32.9

FRPUE S.H. PLAT; ,~TCK.
‘t’R”l, ~P1,te pF,mne

[j. >l

175.4
116.5
175.4

115.4
116,9
115.4

175.4
116. s
116.9

102.3
116,9
116.9

120.6
120.6
1?0.6

128.6
116.9
116. q

128.6
116.9
116. s

102.3
116.9
116.5

116.9
116.9
11&9

1091. C
134.6

11191,(1

7270
911. ?

7?/.11

4960
116.9
4960

231.(1
116,9
231 n

?34[1
)16!4
716. C

2!4.0
116,
7,4 ,,

?14. (1

116.9
I16Y

116.9
116.9
116.9

760
116. q
1 )6.?

1.26
1.20
1.10

1.01
0,80
0.80

1.01
U.77
o 77

0.84
0.61
0.60

106
0,114
0.84

1.00
081
0.83

1 .,,”
0.77
(1.71

0.84
0.61
0.60

0,84
0.67
0.60

1.44
1.04
1.03

1.20
0.94
1.03

1.20
0.89
U.74

103
,,,67
0.6u

1.21
0.94
(,.84

I .100
0, 8(1
(,.8,,1

[1.94
0.74
0.14

0.84
[,.67
0.60

0.7b
0,67
0.60

14.48
10.49
11 .(14

9,31
4.66
5.84

9,31
1.32
1.65

6.43
1.00
Lou

10. ?5
5.13
6.43

9.12
5.02
6.7Y

9.1?
1.12
1.65

6.43
1.00
1.00

6.43
1.00
1.00

18.9?
7.88
9.67

13.13
6.43
9,67

13.13
1.76
5.00

9.6?
1.00
3.29

13.16
6.43
6.43

9.17
4,66
,,. ,!4

U.06
1.?1
8.06

6.43
1.00
1.00

5.26
1.00
I (00

12(I2
)091
916

713
485
485

713
137
131

534
104
83

851
534
534

757
522
572

757
131
131

514
108
83

534
104
81

1570
019
1!03

109U
669
803

1U90
183
415

801
)04
27.1

1109
669
534

1,’?
4,! 5
4“5

669
126
1?b

534
104

81

437
I 04

83

418
292
438

438
292
438

838
I 46
146

255
146
146

301
]U 1
301

321
2!12
2Y2

321
146
146

255
146
166

292
146
I 46

2724
136

2724

1815
225

1815

1238
146

1238

571
146
577

584
292
584

584
2!47
584

584
146
146

?92
146
146

19,)
146
186

“l’R”l e

3.00
2.00
3.00

3.00
2.00
3,00

3.00
1.00
1,00

1.75
1.00
1.00

2.06
2.06
2.06

2.20
2.00
200

2 20
1 .(,0
1.00

1.75
1.00
I .00

2.00
1.00
1,00

18.66
2.10

18.66

12.43
1.54

12,43

8.48
1.00
8,48

1.95
1.00
3.95

.-

4.00
7 00
8.00

4.00
7.00
4, “c

4,00
,.””
1.00

?.00
1.00
1.00

1.30
1.00
1.00
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TABLE B-2.3
COMPARISON OF ICC STRENGTHENED SCANILINGS

IN TEW5 IIF ,,ORMALIZED LOAO CARR”lffi CAPA8, L,, V

flR.CT~L,IANKER

FRPM SPAC FF$M S,M. PLATE THICK.
RULE CLASS AREA [t”] %,1 e[in, ] [In]

%:, , %y,m %,1 ●

.WS + AI & 19.5
39.5

HA ,96 166 W
I(A ,08 166 NA

A B 19.8
M 19.8
s 1%8

B 19.8
: 39.5
s 39.5

c 19.8
: 39.5
s

[W a
M
s

1A B
H
5

10 8
M
s 1

[c
:
5 I

! I (OY[l’5 1. u 19.8
H 19.8
, lq.8

18 19.8
M 198
s 19.8

2B 19.8
M 39,5
s 39.5

3R 19.8
H 39.5
> 395

1A Sup,,

1A - - Sam as MS
[8

lC

ASPPR ) B 19.5
!+
s I

IA B
,

2 8
M
s

38,4
38.4

38.4
%4
38,4

38.4
38.4
38.4

33.6
38.4
38.4

67,8
38.4
38.4

61,7
38.4
3%4

55.7
38.4
18.4

49.4
38.4
38.4

38.4
38.4
384

38.4
38.4
38.4

38.4
38.4
38.4

31.1
38.4
38.4

106.2
18.4
18.4

159.4
69,1
86.3

212.5
106.2
137,8

265,6
180.8
)15.3

318.1
1?5.3
717.8

371,8
199.2
249.7

398.4
225.7
2?8.9

398.4
252.1
318.7

3W4
25?.3
318.7

1.05
0.78

1.00
1.05
1.00

1.00
1.05
1.00

1,00
1.05
0.78

1.81
1,31
1.15

1.73
1.20
0.99

1.64
1.05
0.80

1.55
1,05
0.7a

1.25
1.25
1,15

1.00
1.05
1.00

1.00
1.05
1.00

1.00
1.05
0.18

2.36
1.18
1,18

2.88
1.90
2.12

3.33
2.36
2.61

3.72
2.11
3.01

4.08
1.03
1,17

4.41
1.23
3.61

4.56
1.43
382

4.S6
3.63
4,08

4.56
3.63
4.08

5.03
3.05
5.03

5.03
!.00
1.05

5.03
1.00
1,00

5.40
1.61
2,18

4.94
1.31
1.61

4,44
1.00
1.06

3.96
1.00
1.00

1,85
4.33
6.65

5.03
3.05
5.03

5,03
1.00
1.65

5.03
1.00
1.00

9,19
1,29
2.30

13.67
3,28
7.41

18.28
5.06

11.40

22.81
6.67

15.14

21.44
8.34

11!72

32.06
9.47

21.48

3a. 28
10.69
24.06

34.28
11.97
27.44

34.20
11.97
27.44

543
598
543

543
196
178

543
196
108

503
315
235

533
256
114

479
196
{14

420
196
108

848
848
718

543
598
543

543
196
178

543
196
108

992
248
248

1477
643
800

1914
992

1231

2463
1308
1635

?964
1635
2022

3462
!857
2320

3702
2095
2598

3702
2366
2964

3702
2346
2964

332
332
332

332
166
166

290
166
166

294
166
166

267
166
! 66

241
166
166

214
166
I 66

332
332
332

332
332
332

332
I 66
I 66

274
166
I 66

2.03
Z.ca
2.00

2,CAI
1,03
1.OC

1.75
1.00
I,cm

1.17
1,00
I.cm

1.61
1.00
1.C4

1.45
1,02
1.C41

1.8
1.03
I.ca

2,00
2,C0
2.00

2.W
2.00
2,03

2.CU
I.m
1,00

1.65
1.IX
I.lx

460
166
166

690
299
374

920
460
575

1150
610
759

1380
759
941

1610
863

IC41

1725
971

1208

1725
1091
1380

1725
1091
1380

2.77
1.00
1.00

4.16
1.80
2.25

5,54
2.71
3.46

6.93
3.67
4.5?

8.31
4.57
5.68

9.70
5.20
6,51

10.39
5.89
1.28

10.39
6,58
8,31

10.39
6.5S
8.11
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~_ .. .. ..-_

TABLE 82.1 (cent Inved)
COMP&R I SON OF ICE 51 RLNGTH ENED SCANTL lNGS

IN TERMS OF NORM8L1ZE0 LOAIJ CARRYING CAPA81L1TY

ARCTIC TRNKER

F~nPAC FW 5.M. pLATE THICK.
‘JPR” 1eRUIC CLASS AREA [in’] [4”1 pP:,te ‘FFame ‘lPR,l,

psi]

DNV ICE c

ICEBREAKER

120
19.5
39.5

27.9

8,.. as ABS

19,!!
19.8
Iq. n

19.8
19.8
19.8

19.8
3%5
39.5

19.8
39.5
39.5

103,5
38.4
38.4

61.2
61.2
61.2

76.5
76,5
16.5

57.6
38.4
576

57.6
38,4
51.6

57.6
38.4
38.4

33.6
38.4
38.4

1.00
105
0,18

3.17
2.53
3.17

4.12
3?9
4.12

Izb
1.26
1.26

1.00
1,05
1,00

1.00
1.05
1.00

1.00
1.05
1.OU

12.86
1.00
1.00

28.13
9.87

28.13

47.5!
16.6q
47.51

7.90
4.40
7.%

5.03
3.05
5,03

5.03
1.00
1.65

5.03
1.00
1.65

20.50
5.35
9.71

12.55
5.05
!.)6

5.03
1.00
1.65

5,03
1.00
1.00

3.67
l.no
1.00

16.82
4.75
8,49

11.61
3.87
8,49

11,61
1,14
4.25

8,49
1.00
3.06

\ 189
196
108

3038
1935
3038

5131
3217
5131

862
862
862

543
5Y8
543

581
196
178

543
196
178

2214
1049
1049

1355
989
989

543
196
178

543
196
\ 08

396
196
108

1!317
931
917

1254
756
917

1254
223
459

917
196
330

862
862
862

543
598
543

543
196
178

178
)96
108

164
I 96

108

8.89
1.00
I .00

2.26
2.26
2.26

?.83
2,81
2.83

3.00
2.00
3.00

1.00
?.C4
3.00

3.00
1.00
1.00

1.75
1.00
1.00

1475
166
166

375
375
375

469
46’3
469

498
332
498

498
33?
498

498
I 66
166

2 ?0
166
166

609
441
447

365
332
132

365
166
166

290
166
I 66

271
166
166

1604
853

160&

1069
570

1069

729
166
729

340
166
340

ARCTIC
lCEBRtAKIR

1A.
I&
[B -
IC

WW AU
W“,TAS

BuREAU
VERITA8

Gla’, 1- S”,,,,

Glace 11

Glace 111

5

1A S“pe.
1A I[B —–
[C

Y
%

USSR

Sam as A88

19.8
19.8
19.8

19.8
19.8
19.8

19.8
39.5
3%5

19.8
39,5
39.5

.23.7
3Y.5
V.5

19.8

Y$ n
11
s

Al B
M
5

,2 8
M
5

,3 B
M
5

70,5
51,1<
51,8

42.3
38.4
38.4

42.3
38,4
38,4

13,6
38.4
38.4

38.4
38.4
38.4

185.7
98.7

185.7

123.8
66.2

123,8

84.4
38.4
84,4

39.4
38.4
39.4

2.02
1.39
1.39

1,58
(.35
1,35

I .00
1.05
1.00

I (00
1.05
0.78

1.00
105
0.78

1.83
1.31
1.30

1.52
1.18
1.30

1.52
1,12
0,92

1,30
1.05
0.78

1.67
?,69
2.69

2.20
Zoo
2.00

2.20
1.00
1.00

1.75
1.00
1.00

1.67
1.00
1,00

9.66
5.14
9.66

6.44
3.43
6.44

4.39
1.00
4.39

2,05
1,00
2.05

NKK M 8
M
s

A B
14
s

B
:
s

c
:
s

I
39,5
19,8

19.8
39,5
19.8

5.., as A8S

[h super1[h _
!0
[c

—

1.26 7.98
1.26 4.40
1.26 7.98

1.00 5.03
1.05 3.05
1,00 5.03

663
31?
663

663
332
663

661
166
166

166
166
166

216
166
166

3,99
2.00
3.99

3.99
2.00
3.99

3.99
).00
1.00

1.00
1,00
1.00

1.30
1.00
I.c+

PEOPLES
REPUBLIC OF
CM 1MA

01. 0
14
s

B
M
s

B
15
s

B
M
s

B
M
5

19.8
19,8
19,8

19.8
19.8
19.8

19.8
39.5
19.5

39.5
39,5
31.5

19.8
39.5
39.5

76,8
38,4
76.8

76,8
38.4
76.8

76,8
38,4
38.4

38.4
38,4
38.4

25.0
38.4
38.4

115

01

0[1

0111

1.00 5.03
1,05 1.00
1.00 1.65

l,UO 1.65
1.(05 1.00

0.18 1.00

PEOPLE5
RCPU& (R&
LIC OF CHINA v,,,, !,)

0,55 1.52
1.05 1.00
0.78 1,00

a——.



APPENDIX B-3

TABULAR LISTING OF LOW-TEMPERATURE

STEELS AND THEIR PROPERTIES
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TA8LE B-3.1

,TEeL T“,,, “SE. P., SHIPS NAVIGAT1~ ,N XE

_— —

.“,6, E“36 _

. . H5 .,,,1..
.,.,.,, ,

. . m. made.

.“27s, m,,. ,

.,,27,, .!32,

.-L”
“,,,, , m,, ,
,,,,4s,m!...
.“34s,x+).,
.!4,6&K!._

N, W.,. u!, , .0,,. , { ,97,, “.. “s cr .. . .

S., .. . .. c,a. di, i.at i”. .. . r.., m, .,

R.)., (.. shies
NW m, made,
m,,, KD32,

.,3, , m,.,

.,,3., KE36

1.................1
G,,... F,C,,C,Lto,d (!9,0, .. .S .....
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TABLE B-3.2

STEEL TYPES PROPOSED FOR SHIPS NAVIGATING IN ICE

REG1ON OF .4PPL1 CATION :

MATERIAL

SPECIF1 CATION SOURCE: ICE BELT , ICE ICE STRINGERS & STRUCTURE .4D.J. W! PERST<UCT ., SPECIAL

FRAMES , SHELL, OTHER ICE ‘TO SHELL & 1NTER1OR P.PPL1CA.TIONS
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4.,,,.,”,. prdl.. t ‘..

.?,, ,“,. r“w-wdro,e.
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>..4...0”. ,5 ❑l, !.,8 ,“

0.1,
07, ,.6,

0.04
,.04

..0, mu.
,.,” ma.

0.40 ..”.
0.0, max.

0.,, ma”.

0.”, 0.10
“.”,5 .,”.

0.,15 0..5 m

h. ,2., ““ ,!,2 1“),
, .,.,,.. r>, al W,...
“,0,,”. w.’.,.. ,.

.. . .

,. 6, ,71 90,

,6 ,51)
2,

,.”.,,..3 c., m,.k....es
.“”, ,2.5 “. , !,, m, m

o

.47 [25) l.”.,,,,,.+,..,

cm.,... F.,.., ‘“r
,.,,,,.,.b.-,>, ar”qe.
>..., ,,. , *,.., ‘.,. ,.,

c“,, ,.. Pratt,.. .

,.,,

126



cacti. .. . . ..
A..,.”...

,.0.,,.,.s ,.. . . )
S,,,*U, ,m. x.,

s,,’...

w,, =.:

,“s Im -w, Fmlm-fs
,,,..,. m,lml, ,,s, ,

,.,. ,.,.., KG/w,(.s,
,.”,.t,o. .. ...} , ,“

,.6,, ,,i’in (,”, ., .s
1.,,. ....... ., s,=. ,

*WY “-” ‘“,,,,
s,

TABLE B-3.3 [cc,ntlnued)

Pm,cRTI,s ., ,,,,,s “s.0 ,“. ,CS..,REK,”,NE. ,“,,,. .
———-.... s,= ....,,.
“T, G,. WA ,6

OP--he.rth, h.sic-o. w.:
or .,,.,,,. -,.,....
. .. .. .
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TABLE 8-3.3 [continued)
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-40

,.47 ,25, . . .. .... ...
,.4, ,!8,Tr..svec.e

,40 ,.!

.,>,,.,,,, .,.,..,. ,“,

..,.,,,,. Ww-hydco.e.
,,,..! ,.. . .,,,.., ,0,.,.,

, ,,,,.,,., .... . .. . .

!.,3

A. “.,,,.8

I Gr +4”.40s
.-,..,,., ba,,c-.x,, e.,
,1.ctric-f.r.a.e
,., s,

1, ,,,,.,

*:. d —

“.!,

,.., ,,.
0.,4

0,”4
,.,, - 0.50

0.2” .,”.
,.4, mm,

0.,, ma”.
,.>5 m.”.

0,10 ma”.
0.0s max.

0.,, ..”. m)

54 -.. {77 -W,
,“ ,57,

2“

-4”
,,0 (,9) .0., !,..,..

2.65 ,19, ,,..s”., s.

,s3 ,9”

,.,,
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,.,, ,.-’..”..., ., a“,
,.,..,,., approved w the

,.,,..
,,.”, ,,.. ma,.

~amz ..

“.”,

“.”4

“., ” ..50
,,.,” .8X,

0.4!! ma”.

0.0, ma”.
“,,, max.

,., ” ma. ,

,.O, , 0.06

“.0, ma, . N1

43 -.” (.4 -.5)

3* ,45.5)
1“

-..
,.,6 ,,, , . . ....7>.!..

!*. !7”

+mierat. W.,.., C“,
,.,.,.,. ,,,”-),,.,0,.”
,>,,,,,.. . w!,.., “0,.,.<,
$ rm,,t!”c,,“a. tic,.
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mx, mmo”

m, TW,mlsm

,-,.,, -me+,,,,”.

..,,, A,,., ,,,. ,,

C., b.,. ,m.. ,
P..,..,..
F+,”mmr,,s (. .. . .

,“,,!,”, ,.... ,
,1, ,0,.

!mpsr.,. r. ..

,,,,, m.” (!,-.s,

—- .—_.

,, roll,,.”,!,”, ..

, Q,-. ,,7-.,, ,, ,,.C
,. !6 . . (,,. ,.,

,,C:. s,,,,,.,.

,,#,,“e,, ~,,,, ,w; ,.,,
,,”,{.,,,<,” m... ,,,,,.

,,,.,1,.,!,,., ,.!, W,”

m,!.., .,,, ,,, s ,;,,,,,..)

TABLE 8.3.3 (Cent, n.ed)

Pn.aPEmr ,s OF mm,, “s.. m. ,,.. STmlc,”,”m ,., ,~

,.,,.. . . . i,. .
,,, 0.. .“,6

,W.-h.. rtt!, kxic-aw,.,

1..., I.-fur.... ., a“,
,“, ”.,,., .,,,...,3 by ,,
,“,,.,,

,,,.,, ,,.. ,,.,.

.,,,”.,,..,

0.,8

0,90 ,.6”

0.,4
0.0,

0.,0 ,.,0

0., ” ..”.

0.40. .. .
0.,. . .. .
0.,, .,X.

“,0s - 0.,,
0. ”,, 0.,6

0.”2 0,0, ..

,0 6, (,1 -w,
,6 ,,, ,

2“

-4,
,.5 (,,, . ...,,”.,..

,40 ,,,

..—.—-—...,,,.,.,. .,,,. .,, ,.,
,,. !.,. ti.-,,y.,,>,=n
,.., !... ..... . . ,.,.,.,
,,,,,:.,,.,“,, ,,, ,.! i.,

,.4!

.-
., G, ,,,2

Wn-he. rth,h., c-.x,,.”,
1..,,,.-,.,”...

0., s

0.,, ,..”
0.04

0.s$
0.!0 0.5,

0.2. .W,
“.40 ... ,

0.,. ,“.,.
0,3, max.

0.”, , .,. ,

,8 - f.” ,,, m)

,2 ,,5.5,
,,

-40
,.* ,2, , ,“.,,,.,,..

~ ,,7, ,,.”s”.,.,

X,erac. ~,heat ,.,

:!f!,.,. ,.,..,,,,,(,,..

raet!ce. w,.., ,<,,”’,.,
‘,,,, ,., ...... .. . .

,,,,

—
iI
,s G, ..36

s-.-hearth *.l C-OX, W
,,.,,,. -,”,”...

.,,”., ,..,

,.”,

0.,0 - “.50
“.20 .W.
0.4. ..”.

0.08 “ax.
0.,, ..”,

..0, - 0.,,

0,”!5 .,. .
“.”2 - “.,,, *

5“ -., (7, .,”,

,6 (51,
2,

-40

,.5 ,2, ) .. .. ... . .. .

,___ 2.5 ,I, , Tra..ve,s

!.4,

I
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m“ ,0.,, “?+

gl ,mATmm _

“s.,.”. *“4 PUS, TI0.
L..,. h.,,,,, ,)

,.,,,1. ,.. . . .

*.,...,.
.,<,s,,.,”,,max. ,

,,,,,>h.r (.. . . )
,, i,,;0.

m,,., Rfml, RE”E”Ts
1,,..,. Kc,d ,.s,,
,.1” (mi”.,..,d ,.s
,“.’4.,*”. (.’”.,. ,.
5.65 ,X’ml ,1., .. .8

,YNm, c m,., m,..”

!{ m-. (m-r,, , m 24.

,“msrfm “.s,.,..., H

!,,.,,.,, MA., ww!:s

.,:l.m,v,: r.!,,, ,,,,1)”
,,,!s.., .,, ,,,s ,,!” ,. A,

TABLE B-3.3 (Cmtlnued)

,R.?, mr,s . . s,~,s “s,. m. IC.-STRCW3*. EN.. S.LPS

““---~
,.!.

“,90 - !.60
0.0,

0.04

0.,0 0.,0
0,20 ..”.
0,40 ..”.
0.0, max.

,.,, . . . .

,.., ..!,7

48 60 ,6, .,,

,, ,45. ,,
22

-4,

3., ,,,, L.”, it.di”.
2.4 ,!7, Tra.s.er,e

.,,,, .,! ,>,... . . ‘,,,
,,,{.!,, ,,,.-,, +,,,,,,,,,
,.., ,,.. w,,.., ‘0,.,.,

!,d .,,,!.i“. ,Wacii.e.

,.4,

,.,,
..90 - ,.,0

0.04

0.,,
,.!, ,.50

,.20 ma. .

0.40 max.
,,08 . .. .
,.,5 ma”.

0,05 .3.,0
“.0, - 0.”7
,.02 - ,.”5 m.

,0 ‘,, ,7! 90,
36 ,5!,

2?

-.0

,.5 ,25) . . .. ..!..,”.1
z .2 ,,6) ,...s”., s.

——%,,.,.,.. ~.hmt ‘0,

,.,,,.,. ,..-,,., <,.,..
,,.’, ,., . w,,.., F.,.,.,

,.,, ,..!, i“, ,!,.,..,.. .

!.4,

m-”.,, —-

“.0,- 0.0, C.

49 - 63 ,70 w,
,5 ,,0,
2,

,. ,! m ,2 r.)

-46

,., ,2,, r...,iii.ii.
,.. ,,”, ,,... ”....

-57 .. . .
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,.,,.,?,0”

,,,TRsh,m

ml,.,!- CMWSITIO”
... .. ,..,,.,, ,,

C.rti. .. . . ..
Pa”,a..se

m“. ”..,,.. (ma.,)
.Ulpi”r (max. ,

,,, ,.!,.

m,-,””
.tckel

*, .....”.
copper
,it”., ”m

v.. ad, w
A,c.mi. ”m

m,!.,,

,“, ,lx P&w ,RL?Mmm,

,tim.t.m,nl, ,,s,,
,., ” ,.i., ,m,w, ,.s,

,.”,.,,..,.,”., , ‘“

,.65,rm (,”, ., . .
>.,,.’ (,.. ... ., spa.)

,,. w v..m” ,.,..,

,.,
,mpra, .re .,

,.,,, , KG.. , m-l,,,

m m.w.mm,. .,

mm,. T... m,..,
“ m.. (.,-,, ) ,, ,4.,
,. ,6 .. ,,/. ,.,

,,,,. s,,. [.,.

,p,LRs,l w.!..,.. ...
,..,.,,10. TC!,”NI’XE,

,,.,,., c,,, ,Arm.
“,s,,., ,>. “.s 0,.,+. .,

TABLE B-3. 3 (Continued)

PRO,.m *m 0, m,,., “s,. FOR ,.,- sTRENGT,,Nm s“ ,,s

sm.,.?,
r. A

,.”-h-rth basim.,, e”;
, .,..,,’, -,”,”...
,... s,

i.. ... .. p,..,,..

.,..I’.. ‘ temmrd

0,2” 0.,5.

4, 6, ,7, - 90,

,5 ,50,

i. : Hm ,2 ,“,

2.8 (,0, ,.”,,,”.,”.,
,.0 (,,, . ... ... . ..

-62 .. . . .

,3, ,,!

““.,. *,.4 -Id,.,

... ..s !!0+.,...
reheat W,w-hyd r”,.”

,...,.,. !!0,.,, ,0,.,.,
.“,., ,., .,..1,<:,.

,,,6

,s law -T.mp. -
,.“-0,’3

P“-h=.rth, h..lc-.xy,e. .
r .... . . .. . .. .... .

,0.. s.

,.. q..,” pr..tl.e -

.rm.lized

0.2”
,.,0 ,,,,

..”4
0,04

0.,, - 0.3,
0.2s max.
,.,0 ..”.
O.”* . .. .
0.,,max.

0.,0max.

4, 6, (m 90,

25 ,3,,

,2

-,9
3., ,2,, ,0”,,,..’”.

,.3 ,,, ) ,,.”s” . ..

-57 . .. .

0.04
0.,0 - 0.35

,.,, ma..
0.,0 ma”.
0.0. mm.
0.,5 . .. .

0.,” ma”,

0.065max.
0.05max. m

4, -6, ,5, -90,
25 ,36,

,,

-5 t
,.5 ,2, , ..,.,,,. <,,..,
2.3 ,17, ,ra”sv~

.,7 .,=,
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TA8LE B-3.3 (Continued]

,,,. mm . GM.,

—-——

wt.,, c? !u.urAc,”R,

,“X*.., ION

,,, ,P.zmrim,

“6”,.,, CCm,osm, o.
..,,.,..,,s,, . .,

cacti. (max.,
M....,..
mm..,”,.. ,..”. ,

S.) *., ,,”.. ,)

silicon

C7, m,””
. .. .. .

,*,>.rE

.>,. s:

0,.. (....,. ., SW

AR,” “-”mm t“,..,
s,

.,.,. m, R ml..., --
m-. ,,,.,.,,,, ,,.,

R ,6 . . ,5,, IN,
,,,. ,.,(, ,...

m,,”. ,., ,S,,w’, AS

,.,.,, w“,, .. ..

,.,,.,. ,.!., ,A,’.r,s
,,.., ,,. AM, ,,,.,,...,

,m,mmr, s c,,mm,, .s,0 m. ,C,-STR,W”EN,. s“,,,

~ ——
~
,@.-hear*, bdo..x,, e~,.e,ec, r,c.,urna=.
!,... s.

i“, ,,.,. .,..,, =. -—

‘Um=h. d $ temw.. d

0.20
0.70 ,.,5

0..,
0.05

0.,, - 0.,,
0.25 ..,.
0.,5 ma”.
0.0,..,.

0.,, - ..,,.

*.” ,,>,., ,,.,+

56 - ,0 ,,0 !“0)

.2 [60,

,. :: w+ ,, ,.)

,,... s., SW., .

-73

2.0 (14, . . ....”....,
1.4 ,!0 , ,, .. .....=

-,7 ..,,

!5, ,0,

—.—_, .,.,,,,., ..?,,,”, —

,>.,”s. .k”i,.a,.
,.,... L“.-h,,ir.ge.
.C,,,, e. .(,,.., ,.,.’.,
.,,,,,”, .........

1.,,!

0.2,
1.,5 ,.,,

0.04
0..3,

“.,5 - ,.50

0.0, 0., ,

0.,, 0.”, “,,,.,.

-!,.,. “0,.., ,,,4
>“., ,6 !4” (, ,.,

,6 - 70 ,.” ,00,
4* ,.. )

,“ :: Pn ,2 IN,

-40
,.5 ,2,) ,..,,,”.,..,
2.8 (20, . .. . ... . ..

-46 .. . . .

—.. .—-
,,9 ,0,

,..,. ,,,. W,,,,”,

“...s M..,.,.
... . . tiv-hy.r,,qe”

..,,... %,..1 ‘o,.,.,
d m,,,., ,,,..,, =..

,.4,

,,In-,,,,
:,. c

b“-k.rth , h..,c-”xy~.
,, .,.=., ,..,.,...+
mm.. .

i.. m.,. m.=,,..

u.. ch,d ‘ ,.-,.. _

,.22
,.0, - ,.6”

0.”4
..05

0.,0 - 0.5,
0.2, .,x.
0.25..”.

,.0s m.”.
,., ” - ,.,,.

>, ,. . . ,,.5 ,“, ,.=, .

63 - 77 ,90 ,,”)
4, ,70,

,9
,.5, )W,2 r“,

2.8 ,20,.......”...,
2.0 (,4, ..........
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T.IBLE B-1.3 (Continued)

,..,,.,,,s 0, s,,... “s,. m. ,c,-,T,WNGTHmE, s“,.,—
r.,.TY,. & cm”, A,I.. AS,, Mm-,,,,

.,.ss z
..-,,17

.,, . cr. “
OPen-hearth h..ic-oxy.?,., ~“-h-.th . ,.8,. -..,,-, OF-”-h.ar.h, k.lc-ox,x.,

?msss m UAmmmm”m ., .,..,,,.-,”,..., or . .. . .. .. . .. .... .

,..., ss
., e,ectric-,.r... e

er....s ,...s.s
.—— —

,.,,0,,,”. ,*.. ,,,’.,,..,,.= !.,,,..,C,.. qra,. W..,,.,
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... .. ....,,,. ,,

....0” (.., ) 0.24 0.2, 0.,6
w.,..... 0.7, ,., s 1.,0 ,.5, 0,90 - ,.5,
,hs.h.r.n (...., 0.,,, 0.0,5
s.,.,.,,....,

0,0,5
0.0,0 “.0,, “.”4”

,, , i... ..,, 0.,, 0.,0 0.,5
‘m,m,m

0.15 “.,5
..,, “ax.

,,... !
0.,s .&x.

“.,5max. ,.2, .,X.
,+!,,M.””m “.0sma..
c,!.mr

0.”. ..”.
0.,5.,.. 0.,5max.

T,,a.,w
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,*!mi.um
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:“s,,.RwJrmmmms
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,0.,.,,..,.,.., . ,. ,, *3
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r.AN*cm,. m?...”
“ K1-. (.T-!,B,AT 24..
:,” ,6.. (5,. ,., 76 ,55,)
“,!%.s,..,.,.

,UA,,!’..,s1s,..,sAS
“,.,,,. m.,,.,,. ,5, ,0, ,,? ,.1 ,3. - ,.,

,(,.,,., ,,. “e,.,,,, .mierate~eheaT ‘.. c..,,., ,,,, m,.,.,
.,.,1”.” WE..,.. AN. ,,,0...,.hk,,+erats .e,,,,.g. b,..hy,irq,. ,,,,C, SS we,.,.
M),, r.,lrm TEr,,., !.xm, ,,.,,... !,,.., ”4,,,,.. ,r.=ti.e. W=rmalC.rmi., W, . . . . LOW-W+,.,.”

,ra.t!c. , .<!,.., ,“.., ”, . ..t, inq ... . . ... . . ... . .. . . w,,.,, F.,.,”,

, .!,,,.,., ,!,.,:,,., s ....... Pract,,, a.
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m“ r,.,10”

,,, TW.mmlm
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:“ m-. (m-la) AT ,4.

ST?-,,,i
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r .... .. ... .. .... .

0.40 max.
0.60 - 0.,,

0.70 - ,.0,
0. ,5 - 0.,5

!.00 ,.,0

.. . 25.4 . . , ! ,“, i.., .

6, (85,

5, ,7,,
m

5? ““ (2 ml

-73 . .. . .

!,” ,!0!,,

!70

2., !

“-90

,,-s- ,6216”
pen-h..,,., IMs!.-m,,, e”,
r .1 ..,, ,.-,., ....

..”.,.. . *, W.,,.3

0.,8
0,,0 - ..40

0.025
0,”25

,.,, “.,,

,.0, ,..0

2.00 ,.25
,.20 ,.60

0.2, . .. .
0.02 ..”.

0.0, . .. .

70 ,,,0, ml. .

m ,80,
20

i. 5! w [2 m)

-,4

6.9 ,,0,

-,07 aver.

20 !

,.,., ”, c.,”,,., of
.,,,,,.. ~K.ss, C.”,, ,

,!.ctrai.. ,.”,?!O.. )
,0,.,”, ,mwer P,”,. ,..,
,,>, ,,... ,,,,,,!.+ .>!

k,.” !“.<:.

,,, !

cioo

,..s- ,6,,6.

F-”-h-rth , M.lc-”.,yn ,
r .,,.,, ,.-,,,.... .

rm... s

0.2”
0.1” - 0.4”

0.”2,
0.., s

0.,5 - 0.,s
,.00 - 1..”
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“., ” “.60

“.,5 ma. ,
“.., ma”.
0.”, ..”.

*! ,, !,, .!. .
70 (!”. ,

,,
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—.
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6.9 (5, )
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TABLE 8-4.1
TYPICAL NID800V PhNEL WEIGHTS 8 COSTS W3LhR ST.4R (Panel Height = 8.5 ft 1

CLASS

ABSH1, C; Lloyd, 3; DNV ICE C,
BV 11[, USSR fi3, hh, PRC 0111

USSR fi2, PRC 011; BV II

bB5 lC

.40S 8, Lloyd, 2

48s 18, NKK B,c

.4SPPR 1 ; ABS 1A

fi8S lAA

,15PPR 2

hSPPR 4

ASPPR 1

ASPPR 10

ASPPR 1

,,KK A

A8PPR 2; NKK Al

UIIV I,eb?eaker

GUV hrctic Icebreaker

ASPPR 2

ASF’PR 4

,ISPPR 7

ASPPR 10

A13S A, Lloyd, 1; USSR Al, W [,
PRr. Br

Iloyd, i., IPRC ill.

r,v I .S.o<.r

IISW r,.

Tv?!CAL H1D800Y PA

CLASS

WS +A1, C, lC, Lloyd, 2, 3;
lNV ICE C; W 111; USSR 43, A4,
lKKC, PRC 0111

IV II; USSR H; PRC Bll

WS B, lB; tlKK 0

!SPPR 1

{8s [h

!BS [AA

%SPPR 2

4SPPR 4

4SPPR 7

kSPPR 10

DNv Iceb?eake?

DNV Arctic Imb?eaker

.45PPR 1

USSR h2

NKK A

Lloyd, 1

Lloyd, 1.

PRC Bl: B“ 1

ABS A; USSR VA: PRC 81*

Bv l-super

h5PPR 2

IIKK AA

U!, Pl>R 4

I’,, PPI, 7

,.,PIW 1“

STIFF.
WCC

26

26

26

26

26

26

26

26

26

26

26

16

!6

16

16

16

16

16

16

16

13

13

11

13

UEIGH

TIFF.
PCG

33

33

33

33

33

33

33

33

33

33

20

20

17

17

17

17

17

17

17

17

17

17

17

17

17

PLTG
THCK

0.40

0.45

0.50

0.55

0.70

0.75

1.00

1.55

2.00

2.25

2.35

0.60

0,80

0.90

1.10

1.45

0.95

1.25

1.40

1.45

0.50

0.55

1,25

[1.55

ABLE

k Cos,

lTG
[HCK.

).67

1.75

1.90

1.00

1.05

1.)5

1.60

2,25

2.70

3.00

0.70

1,00

0.50

0.85

0,95

0.67

0.75

0,80

0.85

1.20

0.80

1.o5

1.15

1.35

1.50

TIFF.
5,!4.

6

6

6

6

6

22

22

87

145

1n6

208

15

15

30

30

30

54

90

116

129

6

6

6

10

.2

W A

TIFF.
S.H.

150

117

111

117

117

117

122

260

530

750

950

1161

1451

50

80

90

117

117

117

117

117

130

130

266

376

476

STIFFENER
SIZE

lC (Panel Height = 27 ft)

18-1/8,< x 7-1/2,, x 55# 1-T

18-1/8,, x 7-1/2, x 55fl I-T

18-1/8, x 7-1/2<, x 55# I-T

18-!/8< “ 7-1/2,, x 55# 1-T

18-1/8, x 7-1/2, x 551 1-1

18-1/8,, x 7-1/2,, x 55# 1-T

24-1/4,, x 9-1/8,, x 94# 1-T

33-1/4,, “ 11-1/2,, x 1418 I-1

36-3/8,, “ 12-1/8<, x 182t 1-T

35-7/8,, x 16-1/2<, x 230# 1-T

T-52’< x 1,< Iieb,
11-1/ 2,, x 1-1/4, fig.

T-52, x 1,, Ueb.
11-1/2, x 1-3/4<, F19.

12, x 9<, “ 15.3# F1.3. Pit.

13-5/8,, c 8,, x 43# 1-T

16-1/4<, “ 7-1/8,, x 50N 1-7

15 x 8, x 30,6f Fig. Pit.

15, x 8,< , 30,6# Fig. Pit.
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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 coimnon to assume a uniform
pressure within the contact area. Nonetheless, the influence of pressure distribu-
teon 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 one plastic 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
wi 11 now be reviewed.

2.1 Elastic Method

Considering the standard plate panel fixed at all edges and subjected to
uniform pressure over the entire plate, the maximum pressure for the stress at the
center of the support, not to exceed the elasticity 1imit, is given in any standard
elasticity handbook, e.g. [E-27], as follows:

~.

where ~.
Y

t.

s’

~=

Therefore,

~.

1

FUY“ @2
the yield strength o
steel = 35000 psi)

the plate thickness

the spacing between

the material (2400 kp/cm2 for structural

ong edges or frames

is a coefficient = 0.5 for an aspect ratio > 2

2 Uy (:)2 (Cl)

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 9iVen
by:

(C.2)



tions of Frame Calculations

FIGURE D.1

PLASTICITY METHOD FOR DAMAGE ANALYSIS

(a) Definition of Plate Calculations

L==--

(b) The Coefficient f~ gives the

reduction in the plat~ng stress,
because of the distributing effect
due to the 1imited vertical exten-
sion of the ice-pressure

f,
19

C9
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~—
.SJlmmux
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where p = the maximum pressure the plating can carry without OnSet Of
plastic deformation, kp/cm2

o . the yield strength of the plate material , kp/cm2 (=2400 kp/cm
Y for mild steel )

t = the plate thickness, nun

~. the frame spacing, mm

fd = a correction factor which accounts for frame spacing and is
given in Figure C.I(b).

The maximum pressure the frames can accommodate without plastic hinge formation,
PI, is expressed by:

p, =

where Wp =

p,=

~.

atd

For d =
to:

p, =

(C.3)

the plastic section modulus, cm3 (which includes plate portion)

the span of the frame, m

the width of ice pressure, usua
thickness, mm

are illustrated in Figure C.l(c

ly taken as maximum ice

1/2, the frame stresses wil 1 be maximum and the pressure reduces

16000 u . h’

n:zy (C.4)

Johansson used this method to determine the maximum pressure which would
have caused hul1 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
account in-plane tension or membrane effects of the plate.

2.3 Plastic Method with Membrane Effect

This method was ProDosed bv Clarkson rE.6 1 in 1956.

it does not take into

It is aDDlicable to,,
plate design and retains the inflfienceof ge~rnetr~ 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:

~ = 4.56 [C 4/3/E1/3] . (~)4/3
Y s (C.5)

where E = the
are

elastic modulus of the hull plate material and other variables
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 effec~ equation (C.5) should be
corrected by approximately a factor of 2 to read:

p = 9.12 [oy 4/3/E1/3] . (j)q/3 (C.6)a

Rearranging ( .6)a obtain:

~= .40Y (:)2 ~ .12.28yfi”] (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 steels as well as
higher spacing to thickness ratios. It is equally true that for thick steel with
closely spaced framing, the membrane effects wil1 be negligible.

2.4 Empirical Pressure Distribution Method

This method is based on empirical grounds proposed by Kheysin [B-18]. He
suggests that due to the flexibility of the shel1, ice pressure will be distributed
as illustrated in Figure C.2. The maximum load on transverse frames is:

.P=qo. a (C.7)

where *.O . h/2 ; u = ice crushing strength
0(? c

h = thickness

a = “TE@’‘s = elasticity of the hull steel

E; = elasticity of ice

18 = section

9.= spacing

This method can be used to assess the
damage if used in conjunction with a plastic
Johansson’s. We should write:

P=p, . ?’2. s

where p 1 can be
Uc under actual
method pertains
is not clear to

moment of inertia

between bulkheads

of the stringer

pressure distribution that caused
failure criterion such as

(C.8)

obtained from equation (C.4). By working back a, obtain q. and estimate
conditions of interaction. However, it should be noted that the
to bulkheads and stringers in the middle body of a ship, and it
us how this method can be applied to analysis of main frames with
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FIGURE C.2

ICE PRESSURES ON THE HULL

(a) Actual pressure Distribution

Stringer

Bu

(b) Idealized Distribution

Bulkheads
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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 CO11ision damage, was never extended to ice damage, it is
potentially useful in this regard. The approach is based on the calculation 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 CO1lision (67 to 90%) is due to membrane tension in
the stiffened hul1. Therefore, damage is expected to initiate where less energy
is required, e.g. bend and buckle stiffeners. The latter would enhance plate de-
formation through a loss of support and ultimately lead to shell failure. This
scenario can be supported by the nature of damage due to ice observed on the
MV ARCTIC.

Unfortunately, the formulas provided by McDermott, et al are only applicable
to concentrated line load (due to ship incursion into another) and it is not suit-
able for any damage analysis due to ice. Attempts to test his method in case of
ice damage proved it to produce unrealistic estimates of ice pressures and tremen-
dous loads which can only exist in ship collision situations.

Nonetheless, his approach is one step ahead as he incorporates the effects
of in-plane membrane effects. This leads to a higher hull loading capacity and
within the context of damage analysis should produce higher ice pressure estimates.

Further development of plastic damage analysis procedures along these 1ines
is highly recommended.

2.6 Case Study

The foregoing discussion is limited to one approach to the problem which
uses the reverse 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 detai1s may be used:

t = 1.063”

s = 12.0” (for intermediate frames)
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FIGURE C.3

FLOW DIAGRAM FOR SIDE-COLLISION PLASTIC-ENERGY
ANALYSIS OF SINGLE-HULL SHIP
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FIGURE C.4

FLOW DIAGRAM FOR SIDE-COLLISION PLASTIC-ENERGY
ANALYSIS OF A DOUBLE-HULL SHIP
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FIGURE c.5

SKETCH OF DAMAGE TO THE BOW OF MV ARCTIC
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k = 48”

Uy = 35,000 psi

fd=l

h = 40”

Obtain from equation (Cl) elastic method p = 549 psi (3.79 MPa)

(c.2) Johansson’s (plate) 1099 psi (7.75 MPa)

(C.4) Johansson’s (frames) 2019 psi (13.9 MPa)

(C.5) Clarkson’s method 1327 psi (9.15 MPa)
[21% higher than Eq.(C.2)

Therefore, the ice pressure which can cause failure to the plates is 1327 psi
according to Clarkson while that required to cause frame damage, is 2019 psi .
These figures are wel1 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 sub~ected to an overload.

These results, obtained in comparison with the most conservative and most
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 CO11ision case with a fairly low probability of occurrence.

is
of

This leads us to the brief introduction of an alternative approach which
more detailed and it takes into consideration the scenario and circumstances
damage incident.
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3. ALTERNATIVEwIRoAcH

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 wel1 as the average ice pressure on the hul1.
To the best of our knowledge there is one commercially available program at
ARCTEC CANAOA 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 availabi 1ity 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-361.

(3) Compare extent of ice load with the hull structural detai1s and
determine boundaries of a segment of the structure to be modeled. These boundaries
should preferably be most rigid, e.g. bulkheads and floors. Establish necessary
boundary conditions.

(4) Prepare a finite element model OF the structure (3D model is pre-
ferred but a 2D model with lumped stiffeners may be accepted). A simplified ship
structure segment as modeled by the finite element method is shown in Figure C.6.
Apply external ice loads which have been determined earlier and estimate the
“elastic” stresses and strains in various components. Output can be obtained with
aid of standard graphics such as principal stress contours in both the shell 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
1imits were exceeded. This type of simple, inexpensive elastic finite element
solution can produce a fairly good idea about where damage would start. Examina-
tion of stress levels would indicate locations on the shell and frames which will
likely experience highest stresses. Some approximate correlations with the nature
of observed damage can be made at this stage. There are a number of commercially
available finite element programs which can be used for this purpose. To list
a few:
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FIGURE C.6

SIMPLIFIED FINITE-ELEMENT MODEL FOR TYPICAL STRUCTURE

u\LDmmframe “an”
\ ““\‘Lk’mJr+fram’‘“
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- NASTRAN

- ANSYS

- STARDYNE

- STRESS

- MARC

All of these are available world-wide, and further information may be obtained
from major suppliers, such as Control Data, Multiple Access, or General Electric.

(5) A more advanced and much more expensive step is to allow the hull
material to yield in accordance with a selected bilinear stress-strain relation-
ship. In this case, continuous updating of the stiffness matrix will be main-
tained to account for the yielding of plate or frame elements of the structure.
The cost of this updating is quite high, particularly if a complete solution is
desired. For a moderate size model (say 500-1000 elements), consideration of
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 successful ly 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 uti1ization of the
procedure proposed herein. However, several studies have been conducted
to investigate stresses and strains in different hul1 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 hul1, under variable loading conditions. This can ultimately
lead to the understanding of how damage initiates and propagates within the struc-
ture and hence, to some informed guidelines for better design of hul1 structures
to withstand extreme ice load with minimal penalty on the weight and cost of the
ship.
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FIGURE C.8

.-

EFFECT OF CHANGING PRESSURE DISTRIBUTION
ON STRESSES IN SHELL AND FRAMES

CASE #l CASE #2 CASE /!3

MM

CASE #4 CASE //5
SCHEMATIC
DESCRIPTION OF
LOADED AREA
A!JO PRESSURE
EIISTRIBUTIO!/

CASES
COMPARED COiiDITIO!i

Bi!ii!H

STRESS CHAl~GE

1-2 Equal total loads, increased area, -35% plate
even distribution O frame

2-4 Equal total load, same area, +22% plate
changed distribution + 3% frame

3-5 Equal total load, same area, +772 plate
changed distribution +15% frame

4-5 Equal central pressure, changed area , +51% plate
increased total +2247; frame
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