OILYH Vv 0LE-2SS

SISv8 1TvN

SSC-310

A RATIONAL BASIS FOR
THE SELECTION OF ICE
STRENGTHENING CRITERIA
FOR SHIPS
VOLUME II-APPENDICES

C

This document has been approved
for public release and sale; its
distribution is unlimited.

SHIP STRUCTURE COMMITTEE

1981



SHIP STRUCTURE COMMITTEE

The SHIP STRUCTURE COMMITTEE is constituted to prosecute a research
program to improve the hull structures of ships and other marine structures
by an extension of knowledge pertaining to design, materials and methods of
construction.

RAdm Clyde T. Lusk, Jr. {Chairman) Mr. J. Gross

Chief, Office of Merchant Marine Deputy Assistant Administrator for
Safety Commercial Development

U. §. Coast Guard Headquarters Maritime Administration

Mr. P. M. Palermo Mr. J. B. Gregory

Executive Director Chief, Research & Development Staff

Ship Design & Integration of Planning & Assessment
Directcerate U.5. Geological Survey

Naval Sea Systems Command

Mr. W. N. Hannan Mr, Thomas W. Allen

Vice President Chief Engineering OCfficer

American Bureau of Shipping Military Sealift Command

LCdr D. B. Anderson, U.S, Coast Guard (Secretary)

SHIP STRUCTURE SUBCOMMITTEE

The SHIFP STRUCTURE SUBCOMMITTEE acts for the Bhip Structure
Committee on technical matters by providing technical coordination for the
determination of goals and objectives of the program, and by evaluating and
interpreting the results in terms of structural design, construction and
operation.

U. S. COAST GUARD MILTARY SEALIFT COMMAND
Capt. R. L. Brown Mr. Albert Attermeyer

Cdr. J. C. Card Mr. T. W. Chapman

Mr. R. E, Williams Mr. A. B. Stavovy

Cdr. J. A. Sanial Mr. D. Stein

NAVAL SEA SYSTEMS COMMAND AMERICAN BUREAU OF SHIPPING
Mr. R. Chiu Dr. I Liu

Mr. J. B. O'Brien Mr. I, L. Stern

Mr. Y. C. Sandberg

Ledr D. W. Whiddon . 5. GEOLOGLCAL SURVEY

Mr. T. Nomura {Contracts Admin.)
Mr. R. Gilangerelli

MARITIME ADMINISTRATION Mr. Charles Smith

Mr. N. 0. Hammer INTERNATIONAL SHIP STRUCTURES CONGRESS
Dr. ¥. M. Maclean .

Mr. F. Seibolad Mr. S. G. Stiansen - Liason

Mr. M. Touma
AMERICAN IRON & STEEL INSTITUTE

NATIONAL ACADEMY OF SCIENCES

SHIP RESEARCH COMMITTEE ¥r. R. H. Sterne ~ Liason

Mr. A. Dudley Haff - Liatson STATE UNIV. OF NEW YORK MARITIME COLLEGE
i

son Dr, Y. R. Porter - Liaigon

Mr. R. W. Rumke - Lia

. §. COAST GLARD ACADEMY
SOCIETY OF NAVAL ARCHITECTS & u. 8. ¢
MARINE ENGINEERS LCdr R, G. Vorthman - Liaison
Mr. A. B. Stavovy - Liaison U. S. NAVAL ACADEMY

. R. i - Liais
WELDING RESEARCH COUNCIL Dr. R. Battacharyya on

1. S. MERCHANT MARINE ACAMEMY
pr. Chin-RBea Kin - Liaison

Mr. K. H. Koopman - Liaison



Member Agencies: Address Correspondence to:

United States Coast Guard

Secretary, Ship Structure Committee
NavaI,S‘ea SV“‘T;S Commang s U.S. Coast Guard Headquarters,(G-M/TP 13
Military Sealift Cornman, h' Washington, D.C. 20593

Maritime Administration

United States Geological Survey St Uct ure
American Bureau of Shipping commltt..

An Interagency Advisory Committee
Dedicated to Improving the Structure of Ships

SR-1267
1981
As marine activity in ice covered waters is
expected to increase in the foreseeable future, the design
of ships to meet the varying conditions will have an

expanding role for the naval architect.

The Ship Structure Committee has undertaken a
program to acquire the necessary knowledge to permit a
rational design for vessels which will be operating in
various ice conditions. This first effort in the program
surveyed the various classification 'societies and government
regulations in order to discern the similarities and
differences of their requirements, and further to recommend
a procedure for selecting appropriate ice strengthening
criteria. The results of this project are being published
in two volumes. Volume T (SSC-309) contains the analytical
portion of the work and Volume II (SSC-310) contains the

Rear Admiral, U.S. Coast Guard
Chairman, Ship Structure Committee



—-

—

"Reoart No,

Technical Report Documentation Pc .

2. Government Accession No.

SSC-310

3. Recipient's Catalog No.

o 4.

|
’
b
Title and Subritle
A RATIONAL BASIS FOR THE SELECTION OF ICE

STRENGTHENING CRITERIA FOR SHIPS
YOLUME II - APPENDICES

5. Report Date

11 July 1980

4. Performing Organization Code

B. Performing Organizotion Report No.

Avmor’st 1 L. Coburn, F. W. DeBord, J. B. Montgomery,
A. M. Nawwar, K. E. Dane

SR-1267

9.

Perfarming Organization Name and Address
ARCTEC, Incorporated
9104 Red Branch Road
Columbia, Maryland 21045

10, Work Unit No. (TRAIS)

il1. Controct or Grant No.

DOT-CG-904937-A

13. Type of Report and Period Covered

J
|

12. Spoenscring Aqency Name ond Address

LU.S. Coast Guard
|0ffice of Merchant Marine Safety
Washington, D.C. 20593

Final Report
20 August 1979 -
26 May 1980

14. Sponsoring Agemey Code

G-M

15,

Supplementary Notes

SHIP STRUCTURE COMMITTEE PROJECT SR 1267

16. Abstract

This report, Volume II, contains the appendices, A, B, and C,to
Volume I of the same title. Volume I describes sources and differences

between the ice strengthening criteria in use

by various classifica-

tion sucieties, and government regulations such as Canadian Arctic

Pollution Prevention Regulations, and Swedish-

Finnish Winter Naviga-

tion Board Regulations. A comparison of the different criteria is
presented on the basis of a relative weight and relative cost.

Effectiveness of the criteria is evaluated on
ice damage data and on a sample of individual

the basis of statistical
ice damage cases.

In addition, a comparison of different materials and fabrication
techniques used for ice strengthening is presented. Deficiencies
in current ice strengthening procedures are identified and a rational
procedure for selecting appropriate ice strengthening criteria is

! presented.

“V7. Key words Classification Soctety RuTes 18. Distribution Stotement

, Ice-Worthy Ships Ice Loads Documentation is available to the U.S.
| Ice Strengthening Ice Damage public through the National Technical
i Hull Strength Information Service, Springfield,

‘ Icebreaker Virginia 22161

i Ice Classification

i 19, Security Classif, {of this report) 20, Security Classif. {of this page) 21. No. cf Pages 22. Price

| Unclassified Unclassified 176

e

Form DOT F 1700.7 (8-72

iiid

Reproduction of completed page outhorized



Symhgl

n
ft
yd

mi

or

15p
Thsp
fl oz

ot
qt
aal

ya?

Whan You Kntw Multipiy by

LENGTYH

inches *25
fect i)

yards 0.9

miles 1.6
AREIA

square irches 6.5

square fget 0.09
sguarg yards 0.8

souare mifes 2.6

acres 0.4

MASS (weight}

Qurtes 28
pounds 0.45
short tons .2
{2000 Ib)
VOLUME

teaspoons 5
t3blespoons 15

luid punces 30

cups 0.24
pints 0.47
quarts 0.95
gations 32
cubic feat Q.03
cubic yards 0.16

TEMPERATURE (exact)
Fahrenhoit 5/8 [nfier
temperalvro subrracting

a2)

Approximats Cenversions to Metric Measures

To Find

contimeters
centimataes
meters
kilometers

5Quaro ¢entrnotors
squarg moters
SQUUre melers
square kilometers
hectares

grams
kilograms
tonnes

mitliliters
millitisess
mitiliters
liters

liters

liters

tilors

cubic moters
cubic moters

Celsiug
femperature

Symbol

cm
cm

ga

i

1ot 254 rekactly!, Fur ol exact Conversiond dind niote 0CLHed Tabloy, swe ABS R, Pulll, 286,

Woata uf ¥Wo unts s Measunes, Prce 32,25, 59 Catalug Ko, £12,10:246,

METRIC CONVERSION FACTORS

23

22

Ao

Approximata Conversions from Metric Measures

Symbol When You Know Multiply by To Find
LENGTH

™ millimeters .04 inches

cm centimetery 0.4 inches

m meters 33 feet

m matery 1.1 yards

km kilometers X miles

AREA

em? SqQUAry contimators 0.16 square inches

m? Square maters 1.2 square yards

kmz square kilometers 0.4 aquare miles

ha heciores (10,000 m?) 25 acres

MASS {weight)

9 . grams 0.035 ounces

hg Kilograms 2.2 pounds

t tornes (1000 kg) 1.1 short tons
VOLUME

m! mifliliters 0.03 fluid ounces

1 lirers 2.4 pints

| Titers 1.06 quarts

1 liters 0.2¢ galigna

m? cubic meters s cubie tost

m3 cubic mectery ' 1.3 tulic yards

TEMPERATURE (exact}

Symhgf

in
it
yd
mi

o
1]

it o2

qQt
gal

°c Colsius 9/5 {then Fahrenhelt '
mperature add 32) temperature
= o
°F 32 98.6 F{H

-40 L4} 40 a0 120 180 200
—40 20 20 40 60 so ;?;D

og 3w




CONTENTS

VOLUME I1I Page
APPENDIX A - MAXIMUM AND AVERAGE ICE CONDITIONS BY MONTH 1
Maximum Ice Conditions 2
Average Ice Conditions 8
APPENDIX A.2 - CANADA - Maximum and Average Ice Conditions
by Month 14
Maximum Ice Conditions 15
Average Ice Conditions 27
APPENDIX A.3 - ANTARCTIC - Maximum and Average Ice Condi-
tjons by Month 39
Maximum Ice Conditions 40
Average Ice Conditions 43
APPENDIX A.4 - GREAT LAKES - Maximum and Average Ice
Conditions by Month 46
December Through April 47
APPENDIX A.5 - GULF OF ST. LAWRENCE - Maximum and Average
Ice Conditions by
Month 52
Maximum Ice Conditions 53
Average Ice Conditions 60
APPENDIX A.6 - BALTIC SEA - Maximum and Average Ice Condi-
tions by Month 66
Maximum Ice Conditions 67
Average Ice Conditions 69
APPENDIX A.7 - WORLD METEQOROLOGICAL ORGANIZATION SEA
ICE NOMENCLATURE 72
APPENDIX B - CALCULATED ICE STRENGTHENED SCANTLINGS FOR
THREE REPRESENTATIVE SHIPS 83
APPENDIX B-2 - CALCULATED LOAD-CARRYING CAPABILITIES OF
RESULTING SCANTLINGS FOR THREE REPRESENTA-
TIVE SHIPS 108
APPENDIX B-3 - TABULAR LISTING OF LOW-TEMPERATURE STEELS
AND THEIR PROPERTIES 116
APPENDIX B-4 - TABULAR WEIGHT AND COST DATA 149

APPENDIX C - REVIEW OF METHODS FOR DAMAGE ANALYSIS 152



CONTENTS

VOLUME I Page
1. INTRODUCTION . . . . . . . . . . . .. e e e e e 1-1
1.1 Objective . . . . . . . . . . . .. e e e e e e e e e e 1-1
1.2 Background . . . . . . . . . .. . e e e 1-1
1.3 Approach . . . . . . . . .. .. .. C e e 1-4
2. PROBLEM DEFINITION . . . . . . . . . . . . o . v o o . .. . 2-1
2.1 Introduction . . 2-]
2.2 Definition of Load e e e e e e e e e e e e e e 22
2.3 Definition of Structural Response e e e e e e e e e e e e e 2-12
2.4 Reliability . . . . . . .. e e e e e e e e e e e . 216
3. ENVIRONMENT . 3-1
3.1 Introduction . . . . . . . . . .. .. e e e e e e e e e . 3-1
3.2 Governing Ice Cond1t1ons ...... e e e e e e e e e . 3-1
3.3 Sources of Data and Analysis Procedures .. . 3-4
4. MATERIALS . 4-1
4.1 Material Requirements for Ice Strengthened Ships . 4-1
4.2 Currently Available Steels . . . . . . . . . .. . 4-9
4.3 Existing Criteria for Material Selection .. . 4-12
4.4 Requirements for Additional Information . . . . . . . 4-13
5. EXISTING ICE STRENGTHENING CRITERIA . . . . . . . 5-1
5.1 General Description of Existing Criteria . . e e e . 5-1
5.2 Methods for Selecting the Level of Ice Strengthen1ng ..... . 5-1
5.3 Load Criteria, Rationale, and Structural Design Methods . . . . . 5-7
5.4 Resulting Scantlings for Three Representative Ships . . . . . §-25
5.5 Analysis of the Load- Carrying Capab111ty of Resu1t1ng Scant11ngs . 5-34
5.6 Analysis of Equivalence Between Certain Criteria .. . . . b-40
5.7 Comparison of Relative Steel Meights and Fabrication Costs . 5-43
6. EXPERIENCE OF ICE-CLASSED SHIPS . . . . . . . . . . . . . .. . 6-1
6.1 Specific Ice Damge . . . . . . . .« . v it e e e e e e . 6-1
6.2 General and Fleet Exper1ence w1th Ice- C1assed Sh1ps . . 6-1
7. CRITIQUE OF CURRENT CRITERIA . . . . . . . e e e e e e e e e . 7-1
7.1 General Deficiencies . .. . 7-1
7.2 Assumed Distribution of Load for Frame Des1gn .. . 7-2
7.3 Factors and Method Used to Determine Design load . . . . . . . . .7-6
7.4 Structural Analysis Methods and Response Cr1ter1a . . 7-6

vi



10.

CONTENTS {Continued)

PROPOSED RATIONAL BASIS FOR SELECTING ICE STRENGTHENING CRITERIA . . .

Materials . . . . . . . . . . . . . .. ..
Reliability . . . . . . . . . . ..
Loads . . . . . . . . .. ...
Response Criteria . . . . . . . e e e e
Summary of Proposed Approach . . . . . ..

...........

...............

------------------

CoOCOCoO0Ce
O = —

------------

RECOMMENDATIONS-NEEDED RESEARCH AND DEVELOPMENT

.........

R&D Program Summary . . . .
Fuil-Scale Tests . . . . . . . . . ..
Refine the Rational Approach . . . . . . . . . . . . ..

Incorporate Response Criteria into the Approach Proposed

in Section 8 . . . . . . . . .. .
Ice Interaction . . . . . « . v v v v v 4 it e e e e e e e e e e
Generalize the Analytic Model of Ship-Ice Interact1on .

BIBLIOGRAPHY . . . . . . .

....................

WO WO OO
SN~

-----------

WO WO
oy N

......

-----------------



APPENDIX A
MAXIMUM AND AVERAGE ICE COWDITIONS BY MONTH

Alaska

Canada

Antarctic

Great Lakes

Gulf of St. Lawrence
Baitic Sea

WMO -Sea-Ice Nomenclature

Is Y= X> Fare Ia I
~oh gl N

Abbreviations used in this Appendix are as follows:

FY
MY
IB
IS
BI
xX

first-year ice

multi-year ice

iceberg, bergy bits, growlers, and any other fragments
jce island or fragment therefrom

broken ice

level ice thickness. The corresponding pressure ridge
depth (water surface to keel depth) contained within
level jce 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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AVERAGE ICE COMDITIONS, JANUARY
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APPENDIX A.3
ANTARCTIC - MAXIIIUM AND AVERAGE ICE CONDITIONS BY MONTH
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Austraira Austraiia

Africa

Soulh Amerca

South Amaerca

MAXIMUM [CE CONDITIONS. JAMURRY MAX[MUM [CE CONDITIONS, FEBRUARY

ICE AREA X ICE CHARACTERISTICS

ICE AREA ICE CHARACTERISTICS

1 1B, OPEN WATER ¥ I8, OPEN WATER

2 1B, 6 FT

2 B, 3 FT

Austraiia . - Austraira

Africa

M
Z

Toulhn Amwrca !

Joulh Rmrarica

MAXIMUM ICE CONDITIONS, MARCH MAXIMUM [CE CONOITIONS, APRIL

ICE AREA

ICE CHARACTERISTICS

TCE CHARACTERISTICS
1 18, JPEN WATER

T, 1B, OPEN WATER

2 15, 3.5 FF 2 18, 3.5 FT
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ICE AREA ICE CHARACTERISTICS
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2 8, ! FT

3 B, 4 FT
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|20"
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[CE AREA ICE CHARACTERISTICS
1 18, OFEN WATER
z I3, 1 FT
3 B, 3FT
4 18, 5 77
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|
-
| B i \\
e A
Saurh America [0 “
MAXIMUM [CE CONDITIONS. JUNE
ICE AREA ICE CRARACTERISTICS
1 1B, QPEN WATER
2 B, 2 FT
k] B, 5 FT
Austraira
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MAXRTMUM TCE COMDITIONS, AUGUST

ICE aREA ICE CHARACTERISTICS
1 I8, OPEN WATER
2 B, 2 FT
3 1B, 4 FT
4 B, 6 FT




Sourh Nmerca
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.
MAXIMUM ICE COMDITIONS, SEPTEMBER
ICE AREA ICE CHARACTERISTIC
1 B, QPEN WATER
2 B, 2 FT
k| 18, 4 FT
4 2, & FT
) Austratia
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‘w”d

MAXIMUM ICE CONDITIONS. NOVEMBER

ICE AREA ICE CHARACTERISTICS
1 18, JPEM WATER
2 1B, 3FT
3 B B FT
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Austrafra

South Amerca . N
MAXTHUM ICE COMOITIONS, OCTOBER
ICE AREA ICE CHARACTERISTICS
1 18, OPEN WATER
2 18, 3 FT
3 1B, & FT
) Austraiia

Jaulh Amerca

MAXIMUM [CE CONDITIONS, DECEMBER

ICE AAEA ICE CHARACTERISTICS
1 B, OPEN WATER
2 B, 3FT
3 B, 5 FT




South Ararica

Australia

AYERAGE ICE CONDITIONS, JANUARY

TCE CHARACTERISTICS

15, OPEN WATER

B, 6 FT

Jauth Amerca

v

AVERAGE ICE COMOITIONS, MARCH

ICE AREA

1CE CHARACTERISTICS

T

1B, OPEN WATER

2

1B, 3.5 FT

South Ameriga

Austraiia

AVERAGE ICE COMDITIONS, FEBRUARY

ICE CHARACTERISTICS

1B, open water

1B, 3 FT

South Amarica

Australia

AVERAGE 1CE CONDITIOHS. APRIL

ICE AREA

ICE CHARACTERISTICS

1

iB. JPEN WATER

2

I8, 3.5 FT
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j7a” ~
AVERAGE ICE COMDITIONS, MAY
I AREA ICE CHARACTERISTICS
1 18, JPEN WATER
H @, 1 Fr
3 18, & FT
A Rustraiia

AVERAGE {CE COND{TIONS, JuLY

ICE AREA ICE CHARACTERISTICS
1 18, JPEN WATER
H 1 FT
3 18, 3 FT

La 1, 5 fT

44

d

Australia

Soulh America N
AVERAGE ICE CONDITIONS, JUNE
ICE AREA ICE CHARACTERISTICS
1 1B, OPEN WATER
2 B, 2 FT
L 3 i3, 5 FT
Austraiie

Soulh Amaerica

AYERAGE [CE COMDITIONS. AUGUST

ICE AREA ICE CHARACTERISTICS
1 1B, OPEN WATER
2 B, 2T
3 18, 4 FT
L L) 8, §FT
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AVERAGE [CE CONDITIONS. SEPTEMBER

ICE AREA ICE CHARARCTERISTICS
1 I8, OPEN WATER
4 i, 2 FT
3 12, 4 FT
L} B, & FT

Joulh America

Austrairia

AVERAGE ICE CONDITIONS, OCTOHER

{CE aRea 1CE CHARACTERISTICS
1 1B, OPEN WATER
H I8, 3F7
3 18, 6 FT

)

Teo*

AVERAGE TCE CONDITIONS, MOVEMBER

ICE AREA ICE CHARACTERISTICS
1 [B, OPEN WATER
2 18, 3 FT
3 I8, 6 FT

Jouth Amarica

Africa _\
{3}
Antarct \

fea N
W,

AVERAGE ICE CONDITIONS, DECEMBER

ICE AREA ICE CHARACTERISTICS
1 18, OPEN WATER
2 18, 3FT
.} B, § FT




APPENDIX 7.4
GREAT LAKES - MAXIMUM AND AVERAGE ICE CONDITIONS BY MONTH
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APPENDIX A.5
GULF OF ST. LAWRENCE - MAXIMUM AND AVERAGE ICE COWDITIONS BY MONTH
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GULF OF ST. LAWRENCE REGIOW,
MAXIMUM TCE COMDITIONS, JANUARY

MAX M TCE CONDITIONS, JAHUARY

ICE AREA ICE CHARACTERISTICS
1 FY 1.25
2 FY 3.6
3 FY 0.4
3 FY 0.2
5 FY 1.3
3 £Y 1.25
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GULF OF ST. LAWREMCE REGION,
MAXIMUM ICE CONDITIONS, FEBRUARY

MAXIMUM ICE CONDITIONS, FEBRUARY

ICE AREA ICE CHARACTERISTICS
1 81 0.6-2.5
2 FY 3.2
3 FY 1.2
4 FY 3.8
5 F¥ 1.0
[ fY 2.0
7 FY 2.3
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GULF OF ST. LAWRENCE REGION,
MAXIMUM ICE COMDETTONS, MARCH

MAXIMUM ICE CONDITIONS. MARCH

1CE AREA ICE CHARACTERISTICS
. 3 ICERERGS

2 8 3.8=2.0

3 Y 4.0

4 FY 2.5

H Fr 1.3

5 Fr 2.8

7 FY 2.0

3 Y22

9 Y 1.3 |
10 Y 1.2 i
n 8! 9.38-2.2

12 al 3.4-2.2 i
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GULF OF ST. LAWRENCE REGION,
MAXIMUM ICE CONDYTIONS, APRIL

"

MAXIMUM  [CE CONDITTONS. 4PRIL

ICE AREA 1CE CHARACTERISTICS
1 CEBERGS
2 81 0.8-1.3
3 Y 4.2
3 FY 2.8
5 BI 0.7-2.%
[ 3t 9.7-1.5
7 FY 1.5
-

8 FY 2.0
3 3l 0.6-1.3
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MAXIMUM ICE CONDITIONS, MAY

ICE AREA 1CE CHARACTERISTICS
1 {CEBERGS
2 21 2.4-2.0
3 FY 2.8, MY 10.0
4 FY 3.3, MY 13.0
5 Bl 0.3-1.3
6 ar 0.2-1.5
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GULF OF ST. LAWRENCE REGION,
MAXIMUM [CE COMDITIONS, JUNE

.

W)

MAXIMUM ICE CONDITIONS, JUNE

1CE AREA ICE CHARACTERISTICS ]
. ICEBERGS

2 80 0.5-7.2

3 FY 2.0, MY 10.0

4 Y 2.2, My 12.0

5 8I §.3-1.0
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GULF OF ST. LAWRENCE REGION,
MAXIMUM ICE CONQITIONS, JULY

“.’."-"c

MAXIMUM ICE CONDITIONS, JULY

ICE AREA ICE CHARACTERISTICS
1 ICEEERGS
2 8l 0.2-1.0
3 FY 1.5, MY 10.0
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GULF OF 57. LAWREJCE REGION,
AVERAGE ICE CONDIFIONS, JANUARY

AVERAGE [CE CONDITIONS, JANUARY

ICE AREA ICE CHARACTERISTICS
1 FY 0.5
2 FYolo
3 FY 1.5
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GULF OF ST, LAWRENCE REGION,
AVERAGE ICE CONOHTIONS, FEBRUARY

AVERAGE [CE COMDITIONS, FEBRUARY

ICE AREA ICE CHARACTERISTICS

1 3 0.3-0.8

2 FY 2.5

3 1.5

4 1.3

5 81 0.7-6.1

§ FY 1.4

7 Fra.2

8 Fr 1.2

[ ICERERGS
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AVERAGE ICE CONDITIONS. MARCH

1CE AREA [CE CHARACTERISTICS

1 31 0.56-7.5
H FY 3.0

3 FY 0.8

4 Ft 1.5

5 FY 2.0-12
5 €Y 2.2410
7 FY 1.0

8 Y .2

9 ¥ 1.3

10 ICEBERGS
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GULF OF ST. LAWRENCE REGION,
AVERAGE 1CE CONCJETTONS, APRIL

-y

a

AVERAGE ICE CONDITIONS, APRIL

ICE AREA I{X CHARACTERISTICS
1 1 9.3-1.3
2 2.3
3 Ft 2.8
% Fr 1.2
5 [CEAERGS -
1 Frla
7 31 0.8-2.9
8 81 0.6-1.5
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GULF OF ST. LAWFENCE REGIOM,
AVERAGE ICE COMJUTIONS, MAY

-

AVERAGE [CE CONCITIONS, MAY

ICE AREA 1CE CHARACTERISTICS
1 Bl 0.5-1.9
2 BT 0.3-0.7
3 FY 3.0, ¥Y 12.0
4 1CEBERGS
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GULF OF ST. LAWRENCE REGION,
AVERAGE ICE CONOITIONS, JUNE

AVERAGE 1CE CONDITIONS, JUNE

1CE AREA 1CE CHARACTERISTICS
1 31 9.3-1.9
2 Y 2.0, MY 6.0
3 1CEBERGS
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APPENDIX A.6
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APPENDIX A.7
WORLD METEORCLOGICAL ORGANIZATION SEA ICE MOMENCLATURE
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ICE TERMS ARRANGED IN ALPHABETICAL ORDER

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 i{ce arrangement; longer than it is wide; from
1 km to more than 700 km in width.

Bergy bit: A large piece of floating glacier ice, generally showing less than

5 m above sea-level but more than T 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 Fige).

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

Brash ice: Accumulations of floating 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 ice cancpy; the counterpart of a hwmock.

Calving: The breaking away of a mass of ice from an ice wall, Zice front, or
iceberg.

Close pack ice: Pack 7ice in which the concentration is 7/10 to 8/10 (6/8 to
less than 7/8, composed of fioes 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 floating 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 Zs 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 Tocation or over a defined area.

Concentration boundary: A line approximating the transition between two areas
of pack Zce with distinctly different concentrations.
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Consolidated pack ice: Pack Zce in which the concentration is 10/10 (8/8) and
the floes are frozen together.

Consolidated ridge. A ridge in which the base has frozen together.
Crack: Any fracture which has not parted.

Dark nilas: Wilas which is under 5 cm in thickness and is very dark in color.
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Deformed ice: A general te
in places forced upwards
tce, and hummocked ice.
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Subdivis

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.

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

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

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

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

Fast ice: Sea ice which forms and remains fast along the coast, where 1T 1s
attached'UJthe shore, to an ice wall, to an <{ce front, between shoals or

grounded fcebergs. Vertical fluctuations may be observed during changes of
sea-level. Fast ice may be formed <n situ from sea water or by freezing of
vack ice of any age to the shore, and it may extend a few metres or several
hundred kilometres from the coast. Fast ice may be more than one year old
and may then be pref1xed with the appropriate age category(oild, second—year,
or multi-year). If it is thicker than about 2 m above sea-level it is called
an Zee shelf.

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

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

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

Finger rafting: Type of rafting whereby interlocking thrusts are formed, each

floe thrusting "fingers" alternately over and under the other. Common in
nilas and grey ice.
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Firn: 01d snow which has recrystallized into a dense material. Untike snow,
the particles are to some extent joined together; but, unlike ice, the air
spaces in it still connect with each other.

First-year ice: Sea ice of not more than one winter's growth, developing from
young tce; thickness 30 ecm - 2 m. May be subdivided into thin first-year
tece [white ice, mediun first-year ice, and thick first-year ice.

Flaw: A narrow separation zone between pack Zice and fast ice, where the pieces
of ice are in chaotic state; it forms when pack ice shears under the effect

1
of a strong wind or current along the fast iece boundary.

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

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

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

Floe: Any relatively flat piece of sea f7ce 20 m or more across. Floes are
subdivided according to horizontal extent as follows:

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

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

Flooded ice: Sea Zce 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, compaci pack ice,
2onsolidated pack ice, fast Zce, or a single floe resulting from deformation
processes. Fractures may contain brash ice and/or be covered with nilas
and/or young Zce. Length may vary from a few meters to many kilometers.

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

Fracturing: Pressure process whereby ice is permamently deformed, and rupture
occurs. Most common1y used to describe breaking across very close pack ice,

.
and consolidated pack ice.

frazil ice: Fine spicules or plates of ice, suspended in water.
Friegd1y ice: From the point of view of the submariner, an ice canopy con-
taining may large skylights or other features which permit a submarine to

surface. There must be more than ten such features per 30 nautical miles
(56 km) along the submarine's track.

75



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

Giant floe: (see Fioe).

Glacier: A mass of snow and ice continuously moving from higher to lower
ground or, if afloat, continuously spreading. The principal forms of
glacier are: inland ice sheets, ice shelves, ice streams, ice caps, ice
piedmonts, cirque glaciers, and various types of mountain (valley} glaciers.

Glacier berg: An irregularly shaped ‘ceberg.

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

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

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

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

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

Grounded hummock: Hummocked grounded <ce formation. There are single
grounded Aummocks and lines {or chains) of grounded fuwmmocks.

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

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

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

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

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

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

Iceberg: A massive piece of ice of greatly varying shape, more than 5 m above
sea-level, which has broken away from a glacier, and which may be afloat or
aground. Icebergs may be described as zabular, dome-shaped, sloping,
pinnacled, weathered, or glacier bergs.
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Iceberg tongue: A major accumulation of <eebergs projecting from the coast,
held in place by grounding and joined together by fast Zce.

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,

[ce boundary: The demarcation at any given time between fast Zce and pack
ice Or between areas of pack Zce of different concentrations.

Ice breccia: Ice pieces of different age frozen together.
Ice cake: Any relatively flat piece of sea Zce Tess than 20 m across.
Ice canopy: Pack Zice 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 Targe 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
tce 0f any kind, whether fast or drifting. It may be termed compacted
or diffuse.

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

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

Ice-free: No sea Zce present. There may be some ice of land origin.
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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 Zce or sea ice ctaught in a narrow
channel.

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



Ice 1imit: Climatological term referring to the extreme minimum or extreme
maximum extent of the <ice edge in any given month or period based on observa-
tions over a number of years. Term should be preceded by minimum or
maximum.

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

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

Ice patch: An area of pack Zce 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, usua11y in water of Jow salinity. Thickness
+a about 5 cm Facily hraken by wind or cwell nonly breaking in
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rectangular pieces.

Ice shelf: A floating ice sheet of considerable thickness showing 2-50 m or
mare above sea-level, attached to the coast. Usually of great horizontal
extent and with a level or gently undulating surface. Nourished by annual
snow accumulation and often also by the seaward extension of land glaciers.
Limited areas may be aground. The seaward edge is termed an <ce front.
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stream: Part of an inland ice sheet in which the ice flows more rapidly
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and not necessarily in the same direction as the surrounding ice. The
margins are sometimes clearly marked by a change in direction of the surface
slope but may be indistinct.

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

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

adiash Rt 4

Lake jce: Ice formed on a lake, regardless of observed location.
Large fracture: More than 500 m wide.
Large ice field: An Zce field over 20 km across.

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

Level ice: Sea Zce which is unaffected by deformation.

Light nilas: Nilae which is more than 5 cm in thickness and rather Tighter
in color than dark nilas.
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Mean ice edge: Average position of the Zce edge in any given month or period
based on observations over a number of years. Other terms which may be used
are mean maximum ice edge and mean minimum ice edge.

Medium first-year ice: First-year ice 70-120 cm thick.
Medium floe: (see Floe).

Medium fracture: 200 to 500 m wide.

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

Multi-year ice: 0Id ice up to 3 m or more thick which has survived at least
two summers' melt. Hwmmocks even smoother than in second-year ice, and the
ice is almost salt-free. Color, where bare, is usually blue. Melt pattern
consists of large interconnecting irregular puddies and a well-developed
drainage system.

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

New ridge: Ridge newly formed with sharp peaks and slope of sides usually
a0°, Fragments are visible from the air.at low altitude.

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

subdivided into dark nilas and light nilas.

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

01d ice: ©Sea ice which has survived at least one summer's melt. Most
topographic features are smoother than on first-year ice. May be subdivided
into second-year ice and multi-year ice.

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

Open water: A large area of freely navigable water in which sea ice is
present in concentrations less than 1/10 (1/8). when there is no sea ice
present, the area should be termed Zce-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: Predominant]y circular pieces of ice from 30 ¢m - 3 m in diameter,
and up to about 10 cm in thickness, with raised rims due to the pieces striking
against one another. It may be formed on a slight swell from grease <ce, Shuga
or siush or as a result of the break1ng of ice rind, nilas or, under severe
conditions of swell or waves, of grey ice. It also sometimes forms at some
depth, at an interface between water bodies of different phys1ca1 characteristics,
from where it floats to the surface; its appearance may rapidly cover wide areas

of water. —
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Polynya: Any non-linear shaped opening enclosed in ice. Polynyas may contain
bsrash ice and/or be covered with new Zce, nilas or young ice; submariners
refer to these as skylights. Sometines the polynya is limited on one side by
the coast and is called a shore polynya or by fast Zce and is called a
flaw polynye. If it recurs in the same position every year, it is called a
recurring polynya.

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

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

Rafting: Pressure processes whereby one piece of ice overrides another. Most
comiion in rnew and young Zce.

Ram: An underwater ice projection from an ice wall, ice front, iceberg, OF
floe. 1ts formation is usually due to a more intensive melting and erosion
of the unsubmerged part.

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

Ridge: A line or wall of broken ice forced up by pressure. May be fresh or
weathered. The submerged volume of broken ice under a ridge, forced
downwards by pressure, is termed an ice keel.
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Ridged-ice zone: An area in which much ridged Zce with similar characteristics
has formed.

Ridging: The pressure process by which 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 depos1t1on On mobilte floating ice the ridges are parallel to the
direction of the prevailing wind at the time they were formed.

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

Second-year ice: 77d ice which has survived only one summner's melt. Because
it is thicker and Tess dense than firsé-year <ce, it stands higher out of
the water. In contrast to multi-year ice, summer melting produces a regular
pattern of numerous small puddies. Bare patches and puddles are usually
greenish-blue.
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Shearing: An area of pack Zice is subject to shear when the ice motion varies
significantly in the direction normal to the motion, subjecting the ice to
rotational forces. These forces may result in phenomena similar to a flaw.
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Shore polynya: A polynya between pack Zce and the coast or between pack
Zce and an ice front.

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

Skylight: From the point of view of the submariner, thin places in the
tee 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-
1ight is normally flat. Sky]ights are called 1arge if big enough for a

[ ._.L Ry P S P oy e 7100 Y ain mena = £ no

N o Py T, Fa
SUDﬂldrl”E to atten i LU buerLt‘ L”ruug” Lnenm \ICU III}, our b!lldll W] UL

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 snowfail.

Smatl floe: (see Floe).

Small fracture: 50 to 200 m wide.

11 r .
Small ice cake: An ice cake Tess t

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

Snow-covered ice: Ice covered with snow.

Snowdrift: An accumulation of wind-blown snow deposited in the lee of
obstructions or heaped by wind eddies. A crescent-shaped snowdrift, with

ends pointing down-wind, is known as a snow barchan.

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

Stranded 1ce Ice wh has been floating and has been deposited on the shore
l.-. l.-. n
Nk r

Strip: Long narrow area of pack ice, about 1 km or less in width, usually
composed of small fragments detached from the main mass of ice, and run
together under the influence of wind, swell, or current.

Tabular berg: A flat-topped Zceberg. Most tabular bergs form by calving
from an Zce shelf and show horizontal banding.

s: Vertical holes in sea ice formed when surface pu

. L e Y

= o
through to the underlying water.

Thick first-year ice: Firgt-year ice 30-70 cm thick.

81



Tide crack: Crack at the 1ine of junction between an immovable Zce foot or
tee wall and fast ice, the latter subject to rise and fall of the tide.

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

Vast floe: (see Floe).

Very close pack ice: Pack Zce in which the concentration i1s 9/10 to less than
10/10 (7/8 to less than 8/8).

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

Very small fracture: 0 to 50 m wide.

Very weathered ridge: #Aidge 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
irreqularities in an ice surface.

White ice: See Thin first-year ice.

Young coastal ice: The initial stage of fast Zce formation consisting of
nilas or young ice, its width varying from a few meters up to 100-200 m
from the shoreline.

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

CALCULATED ICE STRENGTHENED SCANTLINGS

Abbreviations

FOR THREE REPRESENTATIVE SHIPS

used in this Appendix are as follows:

Mild steel.

Higher strength steel

American Society for Testing and Materials
United States Coast Guard

American Bureau of Shipping

Lloyd's Register of Shipping (British)

Det Norske Veritas (Norwegian]

Bureau Veritas (French)

Nippon Kaiji Kyokoi (Japanese)

Germanisscher Lloyd {German)
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TABLE B-1.1

ABS STRENGTHENING FOR
NAVIGATION IN ICE

POLAR STAR
FORWARD MIDSHIP AFT
Ice Frame  Frame Plating Frame  Frame Plating Frame Frame Plating
Class P Spacing S.M.  Thick. P Spacing S.M.  Thick, P Spacing S.M. Thick.

(psi)  (in) (in*)  (in) (psi)  {in) (in®) (in) (psi)  (in) (in®)  (in)

A NA 12.9 5.8 0.60 NA 12.9 5.8 0.50 NA 12.9 5.8 0.50
NA 12.9 5.8 0.60 NA 25.8 5.8 0.60-0.461 NA 25.8 5.8 0.46

C NA 12.9 5.8 w/ 0.50 NA 25.8 5.8 0.40 NA 25.8 5.8 0.40*

4.4 inter

1AA 234,55 25.8 51.4 1.26 122,5 25.8 26.9 0.96 89.5 25.8 19.6 0.83

IA 213.5 25.8 46.8 1.24 98.0 25.8 21.5 0.86 65.5 25.8 14.4 0.72

B 192.0  25.8 42,1 1.18 65.5  25.8 14.4 0.72 41.0 25.8 9.0 0.59

IC 171.0 25.8 37.5 1.71 34,1  25.8 7.5 0.54 17.1 25,8 3.8 0.41%

Y = 50,000 psi
* Minimum should probably be equal to rule value of 0.42.

Note: Classes IAA, IA, IB, & IC are identical to the Finnish-Swedish Regulations
for Navigation in Ice.
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TABLE 8-1.1 (Continued)

LLOYD'S STRENGTHENING FOR
NAVIGATION IN ICE

POLAR STAR
FORWARD MIDSHIP AFT
Ice Frame  Frame Plating Frame Frame Plating Frame Frame Plating
Class P Spacing S.M.  Thick. P Spacing S.M.  Thick. p Spacing S.M.  Thick.

(psi)  (in) (in®)  (in) (psi)  (in) (in?)  (in) (psi)  (in) (in?)  (in)

1* NA 12.9 5.8 1.25 NA 12.9 5.8 0.55 NA 12.9 5.8 0.55
1 NA 12.9 5.8 0.52 NA 12.9 5.8 0.50 NA 12.9 5.8 0.50
2 NA 12.9 5.8 0.52 NA 25.8 5.8 0.56 NA 25.8 5.8 0.56
3 NA 12.9 5.8 w/ 0.50 NA 25.8 5.8 0.40 NA 25.8 5.8 0.42
2.9-4.6
inter
IA Super Same as ABS IAA
1A Same as ABS IA
iB Same as ABS IB

1C Same as ABS IC
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TABLE B-1.1 (Continued)

CANADIAN ASPPR STRENGTHENING
FOR NAVIGATION IN ICE
POLAR STARY

FORWARD MIDSHIP AFT
Ice Frame Frame Plating Frame Frame Plating Frame Frame Plating

Class r Spacing S.M.  Thick. P Spacing S.M.  Thick. P Spacing S.M.  Thick.
(psi)  (in) (in*)  (in) {psi}  (in) (in*)  (in) (psi)  (in) (in®)  (in)

] 250  25.8 54,8 1,22 100 25.8 21.9  0.77 100 25.8 21,9  0.77
(16.0)2 (34,0)2 (0.75)2 (16.0)  (13.6) (0.48) (16.0) (13.6) (0.48)

1A 400 87.7  1.54 260 57.0  1.24 325 | 71.2  1.39
(54.4) (0.95) (35.3) (0.77) (44,2) (0.86)

2 600 131.5  1.88 400 87.7  1.54 500 109.6  1.72
(81.6) (1.17) (54.4) {0.95) (68.0) (1.07)

3 800 175.4  2.18 530 1M6.2  1.77 660 144.7  1.98
(108.8) (1.35) (72.0) (1.10) (89.7) (1.23)

4 1000 219.2  2.43 660 44,7  1.98 820 179.7  2.20
(135,9) (1.51) (89.7) (1.23) (111.5)  (1.37)

6 1200 263,0  2.66 750 164.4 2.1 940 206.0  2.36
(163.1) (1.65) (102.0) (1.31) (127.8) (1.46)

7 1400 306.9  2.88 850 186.3  2.24 11050 230.2  2.49
(190.3) (1.78) (115.5) (1.39) (142.7) {1.55)

8 1500 328.8  2.98 950 208.2  2.37 |1200 263.0  2.66
(203.9) (1.85) (129.1) (1.47) (163.1) (1.65)

10 1500 | 328.8 2.98 950 | 208.2  2.37  |1200 263.0  2.66
Y (203.9) (i.85) Y (129.1)  (1.47) Y (163.1) (1.65)

T.Assuming no waste stowed in contact with shell,
2.Scantlings for alternate frame spacing.

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

J .
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Ice
Class

ICEC*

[A*

[A

IB

IC
Icebreaker

Arctic
Icebreaker

TABLE B-1.1 (Continued)

DET NORSKE VERITAS STRENGTHENING FOR

NAVIGATION IN ICE

* ScantTings should not exceed ABS IC.

POLAR_STAR
FORWARD MIDSHIP AFT
Frame Frame Plating Frame  Frame Plating Frame Frame Plating
P Spacing S.M.3 Thick. P Spacing S.Mi Thick. P Spacing S.M, Thick.
| {psi) _(in)  (in") (in) j{psi) (in) (i) (in)  |(psi) {in)  (in’} _ (in)
N/A 12.0  13.5- 0.69 N/A 25.8 5.8 0.40 N/A 25.8 5.8 0.42
1.3
Same as ABS IAA
Same as ABS [A
Same as ABS IB
Same as ABS IC
N/A 16.3 27.5 1.38 N/A 16.3 27.5 1.1 N/A 16.3 27.5 1.38
16.3  34.4 1.79 N/A 16.3 34.4 1.44 N/A i6.3 34.4 1.79



TABLEB-1.1 (Continued)

BUREAU VERITAS STRENGTHENING FOR
NAVIGATION IN ICE
POLAR STAR*

FORWARD MIDSHIP AFT
Ice Frame  Frame Plating Frame  Frame Plating Frame  Frame Plating
Class p Spacing S.M.  Thick. r Spacing S.M. Thick. P Spacing S.M. Thick.
psi)  (in) _ (in®) (i) A{psi)  (im) ~ (in®) (in)  |(psi) {in) ~ (in®__ (in)
Glace 1-Super| HN/A 12.9  11.6- 1.26 N/A 12.9 5.8 1.26 N/A 12.9  11.6- 1.26
5.8 5.8
Glace 1 N/A 12.9  11.6- 0.60 N/A 12.9 5.8 0.48 N/A 12.9  11.86- 0.48
5.8 5.8
Glace ] N/A 12.9  11.6- 0.60 N/A 25.8 5.8 0.46 N/A 25.8 5.8 0.46
5.8
111 N/A 12.9 5.8- 0.50 N/A 25.8 5.8 0.40 N/A 25.8 5.8 0.42
4.35
IA Super Same as ABS IAA
IA Same as ABS 1A
18 Same as ABS IB
IC Same as ABS IC

* Rule scantlings are from ABS,
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Ice
Class
AA
A
B
C
1A-Super
IA
1B
IC

TABLE B-1.1 {Continued)
NIPPON KAIJI KYOKAI

STRENGTHENING FOR NAVIGATION IN ICE

(psi)  (in)

Spacing S.M.
(psi) _(in)

Flating
Thick.

(in)

V = 18 knots

FORWARD
Frame Frame Plating
Spacing S.M. Thick,
(in% _{in)
16.0 57.1 1.31-
1.09
16.0 38.1 1.10-
0.92
16.0 26.0 1.10-
0.92
16.0 ie.1 0.585-
g.79
Same as ABRS TAA
Same as ABS IA
Same as ABS IB
Same as ABS IC

POLAR STAR
MIDSHIP

Frame Frame Plating

Spacing S.M.  Thick.

) {in) ~ (in®)  (in)

16.0 27.5 (.88
16.0 18.7 0.79
25.8 5.8 0.69
25.8 5.8 .67
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TABLE B-1.1 {Continued)
USSR REGISTER QF SHIPPING

STRENGTHENING FOR NAVIGATION IN ICE
POLAR STAR
FORWARD MIDSHIP AFT -
Ice Frame Frame Plating Frame Frame Plating frame Frame Plating
Class P Spacing - S M.  Thick. P Spacing S M.  Thick. P Spacing S M. Thick.
(psi) (n) _ (in) (im) W(psi) (in) ~ (in) (in} i(psi) (in) (in ] _ (in)
YAA = Each Vessel Considered Separately -
YA 273 12.9 15.6 0.71 129 12.9 10.1 0.54 129 12.¢  10.1 0.54
Al 162 12.9 7.2 0.60 99 12.9 6.3 0.50 99 12.9 6.3 0.50
A2 N/A 12.9 7.0- 0.60 N/A 25.8 5.8 0.46 N/A 25.8 7.0 0.46
5.8 5.8
A3 N/A 12.9 5.8-  0.50 N/A 25.8 5.8 0.40 N/A 25.8 5.8 0.42
4.4
A4 N/A 15.5 5.8 0.50 N/A 25.8 5.8 0.40 N/A 25.8 5.8 0.42
y = 50,000 psi
ote: Rule scantlings are from ABS
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TABLE B-1.1 (Continued)

REGISTER OF THE PEOPLES REPUBLIC

OF CHINA
POLAR STAR*
FORWARD MIDSHIP AFT
Ice Frame Frame Plating Frame Frame Plating Frame Frame Plating
Class | £  Spacing S.M. Thick. {| P  Spacing S.M. Thick. | P  Spacing S.M.  Thick.
(psi)  (in)  (in®)  (in) (psi) (in)  (in®) (in) [(psi) (in) (in®)  (in)
BI* NA 12.9 11.6 0.72 HA 12.9 5.8 (.56 NA 12.9 11.6  0.50
BI NA 12.9 11.6 0.60 NA 12.9 5.8 0.50 NA 12.9 11.6 0.48
BII NA 12.9 11.6 0.56 NA 25.8 5.8 0.46 NA 25.8 5.8 0.44
BIII | NA 12.9 5.8 0.50 NA 25.8 5.8 . 0.40 NA 25.8 5.3 0.42
B WA 12.9 5.8-1.7 0.55 NA 25.8 5.8 0.40 WA 25.8 5.8 0.42
(River
Vessels)

*Rule scantlings are from ABS.
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TABLE B-1.72

ABS STRENGTHENING FOR
NAVIGATION IN ICE
M.V, ARCTIC
FORWARD MIDSHIP AFT

Ice Frame  Frame Pliating Frame Frame Plating Fram Frame Plating

Class P Spacing S.M. Thick. P Spacing S.M.  Thick. P Spaci S.M. Thick.

(psi)  (in)  (in®) (in) | (psi) (in)  (in®) (in) | (psi) (in)  (in?) (in)

NA 16,5  116.9  1.00 NA -~ 16.5 116.9 0.84 NA 16,5  116.9 (.84

NA 16.5 116.9 1.00 NA 32.9 116.9 1.00-0.77 NA 32.9 116.9 0.77

C NA 16.5 116.9 w/ 0.84 NA 32.9 116.9 Q.67 NA 32.9 116.9  0.67

87.7 inter.

1AA | 234.5 32,9  234.2 1,57 122.5 32,9  122.3  1.16 80.5  32.9 9.4  1.00

IA | 213.5 32.9 213.2  1.50 98.0 32.9 97.9* 1.04 65.5 32.9 65.4% .87

1B ] 192.0 32,9  141.8 1.43 65.5  32.9 65.9* (.87 41.0  32.9 a1 0% Q.70
IcC | 171.0 32.9 170.8 1.35 34.1  32.9 32.9%  0.65%**| 17.1 32.9 17.1* 0.48**

vy = 50,000 psi

*%% Minimum should probably be equal to rule value of 0.67.
** Minimum should probabiy be egual to rule value of 0.60
*Minimum S.M. should probably be equal to rule value of 116.9.
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Ice
Class

IA Super
IA
IB
1C

TABLE B-1.2 {Continued)

LLOYD'S STRENGTHENING FOR

NAVIGATION IN ICE

M.V. ARCTIC
FORWARD MIDSHIP AFT
Frame Frame Plating Frame Frame Plating Frame Frame Plating
r Spacing S.M.  Thick. r Spacing S.M.  Thick. P Spacing S.M. Thick.
(psi) (in)  (in?)  (in) |(psi) (in)  (in®} (in) | (psi) {(in)  (in’)  (in)
NA 16.5 116.9 1.25 NA 16.5 116.9 0.75 NA 16.5 116.9 0.67
NA 16.5 116.9 0.80 NA 16.5 116.9 0.67 NA 16.5 116.9 0.67
NA 16.5 116.9 0.80 NA 32.9 116.9 0.87 NA 32.9 116.9 0.87
NA 16.5 116.9 w/ 0.67 NA 32.9 116.9 0.67 NA 32.9 116.9 0.60
58.5-93.5
inter
Same as ABS IAA >
Same as ABS IA
- Same as ABS IB
“ Same as ABS IC
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TABLE B-1.2 {Continued)

BUREAU VERITAS STRENGTHENING FOR
NAVIGATION IN ICE
M.V. ARCTIC*
FORWARD MIDSHIP AFT
Ice Frame Frame Plating Frame Frame Plating Frame  Frame Plating
Class P Spacing S.M.  Thick. P Spacing S.M.  Thick. D Spacing S.M. Thick.
(psi) (in)  (ind) () (psi) (dim) ~_(inz) (in) I(psi) (n) ~ (iw)  (in)
Glace I-Super | N/A 16.5 233.8- 1.26 N/A 16.5 116.9 1.20 N/A 16.5 233.8- 1.10
116.9 116.9
Glace [ N/A 16.5 233.8- 1.01 N/A 16.5 116.9 0.80 N/A 16.5 233.8- 0.80
116.9 116.9
Glace I1 N/A 16.5 233.8- 1.0] N/A 32.9 116.9  0.77 N/A 32.9 116.9 0.77
116.9
Glace III N/A 16.5 116.9 0.84 N/A 32.9 116.9  0.67 N/A 32.9 116.9 0.60
87.7
IA Super Same as ABS IAA
IA Same as ABS IA
IB Same as ABS IB
IC Same as ABS IC

*Rule values are from ABS.
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TABLE B-1.2 {Continued)

NIPPON KAIJI KYOKAI
STRENGTHENING FOR NAVIGATION IN ICE

M.V. ARCTIC
FORWARD MIDSHIP AFT
Ice Frame Frame Plating Frame Frame Plating Frame Frame Plating
Class P Spacing S.M.  Thick. p Spacing S.M. Thick. r Spacing S.M. Thick.
(psi) _(in) (in®) (in) [(psi)  (in) (in®) _(in) psi) (in)  (iv)  (in)
AA N/A 16.5 10.91  1.57- N/A 16.5 134.6 1.04 N/A 16.5 10.91 1.12-
1.3 0.94
A N/A 16.5 7.27  1.31- N/A 16.5 90.2 0.94 N/A 16.5 7.27 1.12-
1.09 0.94
B N/A 16.5 4.96 1.31- N/A 32.9 116.9 0.8% N/A 16.5 4.96 D.80-
1.09 0.67
C N/A 16.5 2.31 1.12- N/A 32.9 116.9  0.67 N/A 16.5 2.31 0.60
0.94
[A-Super Same as ABS IAA
IA Same as ABS JA
1B Same as ABS IB
IC Same as ABS IC
V¥ = 17 knots
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STRENGTHENING FOR NAVIGATION IN ICE

TABLE B-1.2

(Continued)

USSR REGISTER OF SHIPPING

M.V, ARCTIC
FORWARD MIDSHIP AFT
Ice Frame Frame Plating Frame Frame Plating Frame Frame Plating
Class P Spacing S.M.  Thick. p Spacing S.M.  Thick. P Spacing S.M. Thick.
(psi) {in) _(ir*) (in) [(psi) (in)  (in®) (in) i(psi) (in)  {in*) _ {in)
YAA Each Vessel Considered Separately -
YA 409 16.5 98.6 1.06 255 16.5 120.6 0.84 255 16.5 120.6 0.84
Al 245 16.5 45.1 1.00 224 16.5 79.5 0.83 224 16.5 79.5 (.83
A2 NA 16.5 140.3- 1.00 NA 32.9 16.9 0.77 NA 32.9 116.9 0.77
116.9
A3 NA 16.5 116.9- 0.84 NA 32.9 116.9 0.67 NA 32.9 116.9 0.60
87.7
Ad NA 19.7 116.9  0.84 NA 32.9 116.9  0.67 NA 32.9 116.9 0.60
NOTE: Rule scantlings are from ABS.
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TABLE B-1.2 (Continued)

REGISTER OF THE PEOPLES REPUBLIC

OF CHINA
M.V. ARCTIC*
FORWARD MIDSHIP AFT
Ice s Frame Frame Plating Frame Frame Plating Frame Frame Plating
Class . Spqcing S.M. Thick. P Spacing S.M. Thick. P Spacing S.M.  Thick.
(psi} {in)  (in®)  (in) (psi) (in)  (in®} (in) | (psi) {in) {(in®)  (in)
BI* NA 16.5 234 1.21 NA 16.5 116.9 0.94 NA 16.5 234 0.34
BI NA 16.5 234 1.00 NA 16.5 116.9 0.80 NA 16.5 234 0.80
BII NA 16.5 323 0.94 NA 32.9 116.9 0.74 NA 32.9 116.9 0.74
BIII NA 16.5 116.9 0.84 NA 32.9 116.9 0.67 NA 32.9 116.9 0.60
B NA 16.5 116.9- 0.76 NA 32.9 116.9 0.67 NA 32.9 116.9 0.60
i 35.1
(River
Vessels)

*Rule scantlings are from ABS.



001

TABLE B-1.3

ABS STRENGTHENING FOR
NAVIGATION IN ICE
ARCTIC TANKER

FORWARD MIDSHIP AFT
Ice Frame Frame Plating Frame Frame Plating Frame  Frame Plating
Ciass P Spacing S.M.  Thick. P Spacing S.M.  Thick. r Spacing S.M.  Thick.

(psi) (in}  {in®)  (in) |{psi) (in)  (in*) (in) | (psi) (in)  (in®) (in)

A NA 19.8 38.4  1.00 NA 19.8 38.4 1.00* NA 19.8 38.4 1.00
NA 19.8 38.4 1.00 NA 39.5 38.4 1.00* NA 39.5 38.4 1,00
NA 19.8 38.4 w/ 1.00 NA 39.5 38.4 1.00* NA 39.5 38.4 0.78

28.8 inter
IAA | 234.5 39.5 67.8 1.81 122.5  39.
TIA | 213.5 38.5 61.7 1.73 98.0  39.
I8 { 192.0 39.5 55.5 1.64 65.5  39.
IC | 171.0  39.5 49.4 1,55 34.1  39.

35.4%% 1.33 89.5  39.5  25.9%* 1,15
28.3%% 1.20 65.5  39.5  18.9%% 0.99
18.9%* 0.99* | 470  39.5  11.9** 0.80
9.85%* 0,74 17.1 39.5 4,9%* (,55%%*

gt o Jgro o O

¥ = 50,000 psi

***xShoyld probably be equal to rule value of 0.78.
**Should probably be equal to rule value of 38.4.
*Should probably be equal to rule value of 1.05.
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TABLE B-1.3 (Continued)

LLOYD'S STRENGTHENING FOR

NAVIGATION IN ICE
ARCTIC TANKER

FORWARD MIDSHIP AFT
Ice Frame Frame Plating Frame Frame Plating Frame Frame Plating
Class P Spacing S.M.  Thick. P Spacing S.,M.  Thick. P Spacing S.M. Thick.
(psi)  (in)  (in®) (in) | (psi) {in)  (in®) (in) | (psi) (in)  (in®) ({in)
1* NA 19.8 38.4  1.25 NA 19.8 38.4 1.25 NA 19.8 38.4 1.15
1 NA 19.8 38.4  1.00 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* NA 39.5 38.4 1.00
3 NA 19.8 38.4 w/ 1.00 NA 39.5 38.4 1.05 NA 39.5 38.4 0.78
19.2-30,7
inter
IA Super Same as ABS IAA —
IA — Same as ABS IA -
1B — Same as ABS IB
IC Same as ABS IC —

* Should probably be equal to rule value of 1.05.




201

TABLE B-1.3 (Continued)

CANADIAN ASPPR STRENGTHENING
FOR NAVIGATION IN ICE
ARCTIC TANKER?

FORWARD MIDSHIP AFT
Ice Frame  Frame Plating Frame Frame Plating Frame Frame Plating
Class r Spacing S.M.  Thick. P Spacing S.M.  Thick. P Spacing S.M.  Thick.
(psi)  (in) ~ (in®) (in) | (psi) (in) = (in®) (in) | (psi) (in)  (in?) (in)
} 400 39.5 106,2 2.36 100 39.5 26.6% 1.18 100 39.5 26.6%* 1,18
(19,8)% (53.3)3(1.18)3 (19.8} (13.3) (0.59) (19.8) (13.3) (0.59)
1A 600 159.4 2.88 260 69.1 1.90 325 86.3 2.12
(79.9) (1.45) (34.6)} (0.95) (43.3) (1.06)
2 800 212.5  3.33 400 106.2 2.36 500 132.8 2.63
(106.5) (1.67) (53.3) (1.18) (66.6) (1.32)
3 1000 265.6 3.72 530 140.8 2.71 660 175.3 3.03
(133.1) (1.87) (70.6) (1.36) (87.9) (1.52)
4 1200 318.7 4.08 660 175.3 3.03 820 217.8  3.37
(159.8) (2.04) (87.9} (1.52) (109.2) (1.69)
6 1400 371.8  4.41 750 199.2 3.23 940 249,7  3.61
(186.4) (2.21) (99.8) (1.62) (125.1) (1.81})
7 1500 398.4 4.586 850 225.7 3.43 1050 278.9 3.82
{199.7}) (2.92) (113.2) (1.72) (139.8) (1.91)
8 1500 398.4 4.56 950 252.3 3.63 1200 318.7 4.08
{199.7) (2.29) (126.5) (1.82) (159.8) (2.04)
10 1500 398.4 4.56 950 252.3 3.63 |1200 318.7 4.08
Y (199.7) (2.29) Y (126.5) (1.82) V' (159.8) (2.04)
1. No side tanks; waste stowed next to shell.
2. Should be equal to rule value of 38.5.
3. Scantlings for alternate frame spacing.
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TABLE B-1.3 (Continued)
DET NORSKE VERITAS. STRENGTHENING FOR

NAVIGATION IN ICE
ARCTIC TANKER

FORWARD MIDSHIP AFT
Ice Frame  Frame Plating Frame  Frame Plating Frame Frame Plating
Class p  Spacing S.M.  Thick. P Spacing S.M.  Thick, P Spacing S.M. Thick.
(psi) (in) (in) (in) i{psi) (in) (in) (in) i{psi) (in) (in)  (in)
ICE CH N/A 12.0 131- 1.00 N/A 39.5 38.4 1.05 N/A 39.5 30.4 0.78
760
[A% Same as ABS IAA
IA Same as ABS IA
IB Same as ABS IB
IC Same as ABS IC
Icebreaker | N/A 27.4 61.2 3.17 N/A 27.4 61.2 2.53 N/A 27.9 61.2 3.17
Arctic N/A 27.4 76.5 4,12 N/A 27.9 76.5 3.29 N/A 27.9 76.5 4.12
Icebreaker

* Scantlings should not exceed ABS IC.
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TABLE B-1.3 {Continued)

BUREAU VERITAS STRENGTHENING
FOR MAVIGATION IN ICE
ARCTIC TANKER*

FORWARD MIDSHIP AFT
Ice Frame Frame Plating Frame Frame Plating Frame Frame Plating
Class g Spacing S.M.  Thick. P Spacing S.M.  Thick. p Spacing S.M. Thick.
(psi)  (in)  (ir)  (in)__psi) (in) — (in?)  (in) _M(psi) {in) (in3) __(in)
Giace I-Super | N/A 19.8 76.8- 1.26 N/A 19.8 38.4 1.26 N/A 19.8 7.68- 1.26
38.4 38.4
Glace 1 N/A 19.8 76.8- 1.00 N/A 19.8 38.4 1.00%* | N/A 19.8 7.68- 1.00
38.4 36.4
Glace 11 N/ A 19.8 76.8-  1.00 N/A 39.5 38.4 1.00%* | N/A 39.5  38.4 1.00
38.4
ITI N/A 19.8 38.4- 1.00 N/ A 39.5 38.4 1.00%* ¢ N/A 39.5 38.4 1.00
28.8
IA Super Same as ABS IAA
TA Same as ABS IA
B Same as ABS 1B
i Same as ABS IC

** Should be equal to rule value of 1.05.

* Rule values are from ABS.




TABLE B-1.3 {Continued)
NIPPON KAIJI KYQKAI

STRENGTHENING FOR NAVIGATION IN ICE

ARCTIC TANKER

FORWARD MIDSHIP AFT
Ice Frame Frame Plating Frame Frame Plating Frame Frame Plating
Class P Spacing S.M.  Thick. P Spacing S.M.  Thick. P Spacing S.M. Thick.
(psi) _(in) ~ (ir*) _(in) 1{(psi) (in) = (in® (in) [(psi) (in)  (in®) _ {in)
AA | N/A 19.8 185.7 1.99- N/A 19.8 98.7 1.31 N/A 19.8 185.7 1.41-
1.66 1.18
A N/A 19.8 123.8 1.66- N/A 19.8 66.2 1.18 N/A 19.8 123.8  1.41-
1.38 1.18
B N/A 19.8 84.4 1.66- N/A 39.5 38.4 1.12 N/A 19.8 84.4 1.00-
— 1.38 0.83
& C N/A 19.8 39.4 1.4] N/A 39.5 38.4 1.05 N/A 19.8 39.4 0.78
1.18
IA-super Same as ABS [AA
IA Same as ABS IA
IB Same as ABS IB
IC Same as ABS IC
V = 24 knots

e
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Ice
Class

Y A

(3%

TABLE B-1.3 {Continued)

USSR REGISTER OF SHIPPING
STRENGTHENING FOR NAVIGATION IN ICE
ARCTIC TANKER

—

m

J

Kule scantiings are from ABS,

FORWARD MIDSHIP AFT
Frame  Frame Plating Frame  Frame Plating Frame  Frame Plating
P Spacing S.M.  Thick. P Spacing S.M.  Thick, P Spacing S.M. Thick.
| (psi) (in)  (iw) (in) |(psi) (in) = (in?%) (in) i{psi) (in) ~ (in®)  (in)
< Each Vessel Considered Separaté]y >
1030 19.8 70.5 2.02 487 19.8 51.8 1.39 487 19.8 51.8 1.39
619 19.8 32.3 1.58 458 19.8 34,2 1.35 458 19.8 34.2 1.35
NA 19.8 46.1-  1.00 NA 39.5 38.4 1.05 NA 38.5 38.4 1.00
38.4
NA 19.8 38.4-  1.00 NA 39.5 38.4 1.05 NA 39.5 38.4 0.78
28 .8
NA 23.7 38.4 1.00 NA 39.5 38.4 1.05 HA 39.5 38.4 0.78
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TABLE B-1.3 (Continued)

REGISTER OF THE PEOPLES REPUBLIC
OF CHINA
ARCTIC TANKER*

FORWARD MIDSHIP AFT
Ice s Frame Frame Plating Frame Frame Plating Frame Frame Plating
Class _ Spqcing S.M. Thick. P Spacing S.M. Thick. P Spacing S.M.  Thick.
(psi) (in)  (in®}  (in) (psi) (in)  (in?)  (in)  |(psi) (in) (in®)  (in)
BI* HA 19.8 76.8 1.26 NA 19.8 38.4 1.26 NA 19.8 76.8 1.26
BI NA 19.8 76.8 1.00 NA 19.8 33.4 1.00%**| NA 19.8 76.8 1.00
BII NA 19.3 76.8 1.00 NA 39.5 38.4 1.00%** NA 39.5 38.4 1.00
BIII NA 19.8 38.4 1.00 NA 39.5 38.4 1.05 NA 39.5 38.4 0.78
B NA 19.8 38.4-11.5  0.55**| NA 39.5 38.4 1.05 NA 39.5 38.4 0.78
(River
Vessels)

**% 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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METHOD USED TO CALCULATE THE LOAD CARRYING
CAPABILITY OF SHELL PLATING AND TRANSVERSE FRAMES

The load carrying capability of each of the ice strengthened structures
was calculated by the method used by Johansson [B-16] in the analysis of ice

damage data. This method assumes that the plating and framing can no longer
carry a load when 3 plastic hinges are formed.

Plating is assumed to be a fixed-fixed beam with a uniformly distributed
ioad. Then the pressure to form 3 plastic hinges is
4g t?
P [psi] = —4— (B-1)
s fﬁ
where
oy = yield stress of the material [psi]
t = plating thickness [in]
g = frame spacing [in]

f& = a factor which gives a reduction in plating stress due
to Timited vertical extension of the ice pressure

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

6o [SM]
- Y
cs (21-¢) (B-2)

where

g and s are defined above

7 = frame span [ft]
c = extent of the load [in]
SM = section modulus of the frame and associated

plating [in?®]

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

.+ . 0.254 Oy [S.M.] (R_3)
PApstl = = 77-75.75) B

Then the normal load carrying capability is the load the plating or framing
will carry (P) over the pressure specified in the rules (Pru1e)'



COMPARISON OF ICE STRENGTHENED SCANTLINGS

TABLE B-2.1

IN TERMS OF HOWMALIZED LOAD CARRYING CAPABILITY

POLAR STAR
FRAME SPAC.  FRAME S.M.  PLATE THICK. B/P F P P/P,
: : Rul Pla F Rul
RULE CLASS AREA [in] [in'] [1n] ute et € {p"sa1"‘f e
ABS +Al Mid 25.8 5.8 0.40 NA 55 3 NA
Bow & Stern ?5.8 5.8 0.42 A 60 33 NA
A B 12.9 5.5 0.60 7.35 441 66 2.00
M 12.9 5.8 0.50 5.58 307 66 2.00
5 12,9 5.8 0.50 5.12 7 66 2.00
B B 2.9 5.8 8.60 7.35 443 66 2,00
i 25.8 5.8 0.53 1.75 9 33 .00
5 25.8 5.8 0.46 1.20 72 1 1.00
C 8 12.9 5.1 0.50 5.12 307 58 1.76
M 25.8 5.8 0.40 1.00 55 33 1.00
5 25.8 5.8 0.42 1.00 60 13 1.00
1AM B 25.8 51.4 1,26 5.03 542 293 8.88
] 25.8 26.9 0.96 5.73 315 153 4.64
g 25.8 9.6 0.83 1.92 235 12 3.39
1A 8 25.8 46.8 V.24 B8.75 525 267 8.09
M 25.48 21.5 0.86 4,60 253 123 3,73
s 25.8 14.4 0.72 2.95 177 82 2.48
18 8 25.8 423 1.18 7.92 475 240 7.21
M 25.8 14,4 0.7z 3.22 177 82 2,48
5 25.8 9.0 0.%9 1.98 119 53 1.55
Ic B 25.8 7.5 1.1 7.02 421 214 6.48
M 25.8 7.5 0.54 1.82 100 43 1.30
5 25.8 5.8 0.42 1.00 60 33 1.00
LLOYD*S 1t B 12.9 5.8 1.25 31.93 1916 66 2,00
M 12.9 5.8 0.55 6.75 an 66 2.00
5 12.9 5.8 0.55 6.18 an 66 2,00
1 8 12.9 5.8 0.52 5.53 66 2.00
i 12.9 5.8 0.50 5.58 307 66 2.00
s 12.9 5.8 0,50 5,12 307 66 2.00
2 8 V2.9 5.8 0.52 5.53 332 66 2.00
M 25.8 5.8 0.56 1.95 107 1 1,60
5 25.8 5.8 0.% 1.78 107 33 1.00
3 B 12.9 4.8 0.50 5.12 307 55 1.67
H 25.8 5.8 0.40 1.00 55 33 1.00
5 25.8 5.8 D.42 1.00 60 31 1.00
IA Super
1A
Ia —-——— . Same as ABS —
Ic
ASPPR 1 B 25.8 54.8 V.22 B.47 508 n 9.48
M 21.9 0.77 3.67 202 125 3.79
S 21.9 0.17 3.37 202 125 3.7
1A 8 87.7 1.54 13.50 810 50) 1518
H 57.0 1.24 9.55 525 325 9.85
5 71.2 1.39 11.00 660 406 12,30
2 g 131.5 1.66 2042 1207 750 22.73
M 87.7 1.54 14.70 809 501 1518
5 109, 6 1.72 16.83 1010 626  18.97
3 8 175.4 2.18 27.05 1623 1000 30.33
M 116.2 1.77 19.45 1070 663  20.09
5 144.7 1.98 22.3 1339 826  25.03
4 ] 2i9.2 2.43 33.60 2016 1251 317.9
M 144.7 1.98 24,34 1339 826  25.03
5 179.7 2.20 27.53 1652 1926 31.09
6 B 263.0 2.66 40.27 2416 1501 45,48
M 164.4 2N 27.63 1520 938  28.42
5 206.0 2,36 .70 1902 1176 3564
7 B 106.9 2.88 a7.18 2831 1752 63.09
M 186.3 z.24 .14 1713 1063 32.21
5 2392 2.48 35,28 2117 1314 29,82
8 B 328.8 2.9 50.563 3032 1877 56.88
M 208.2 2.37 34.87 1918 1188 36.00
§ 263.0 2.66 40.27 2416 1501 45.48
i B 326.8 2,58 50.53 3032 1877 56.88
M 208.2 2.37 34.87 1918 1188 36,00
5 263.0 2.66 4n.27 2416 1501 45.48
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TABLE B-2.1 {Continued)

COMPARISON OF [CE STRENGTHENED SCANTLINGS
IN TERMS OF MORMALIZED LOAD CARRYING CAPABILITY

POLAR STAR
FRAME SPAC.  FRAME S.M, PMLATE THICX. P/P P, P P/ P,
' Rule “Plate “Frame Rule
RULE CLASS AREA {in] {in"] [1r] Lot {oey
DNV Itk € 8 12.0 7.4 0.69 11.02 661 91 .7
M 25.8 5.8 0.40 1.00 55 33 1.60
S 25.8 5.8 0.42 1.00 60 13 1.00
1CEBREAKER B 16.3 27.5 1.38 9.17 586 248 7.52
M 16.3 27.5 [N B 6.89 379 248 7.52
3 16.3 21.5 1.38 9.7 586 248 7.52
ARCTIC B 16.3 34.4 1.79 16.42 985 i 9.42
ICEBREARER H 16.3 4.4 1.44 11,60 638 nr 942
S 16.2 34.4 1.7% 16.42 985 3T 9.42
[A*
1A
18 ~——— Same as ABS
1C
BUREAU Glace i-Super B 12.9 8.7 1.26 32.43 1946 99 3.00
VERITAS M 12.9 5.8 1.26 35.38 1946 &6 2.00
s 12.9 8.7 1.26 32.43 1946 99 3.00
Glace 1 B 12.9 8.7 0.60 7.35 441 99 31.00
L} 12.9 5.8 0.48 5.15 283 66 2.00
S 12.9 B.7 0.48 4.72 283 ] 3.00
Glace 2 B 12.9 8.7 0.60 7.35 441 99 3.00
L] 25.8 5.8 0.46 1.3 72 kX] 1.00
s 25.8 5.8 0.46 1.20 12 3 1.00
Glace 3 B i2.9 5.1 0.50 5.12 307 58 1.76
M 25.8 5.8 0.40 1.00 55 33 1.00
S 25.8 5.8 0.42 1.00 60 3 1.00
1A Super
1A
16 ———— Same as ABS
I
= !
RUSSTAN YA B 12.9 15.6 ¢.71 10.30 618 178 5.39
M 12.9 10.1 0.54 6.51 358 115 31.48
5 12.9 16.1 0.54 5.97 358 115 3.48
Al B 12.9 7.2 0.60 7.38 441 a2 - 2.48
M 12.9 6.3 0.50 5.58 307 72 2.8
] 12.9 6.3 0.50 5.12 307 72 z2.18
aZ B 2.9 6.4 §.60 7.35 44 73 2.2
M 25.8 5.8 0.46 1.3 12 i3 1.00
S 25.8 6.4 0.46 1.20 12 37 1.12
A3 B 12.9 5.1 0.50 .12 307 58 1.76
M 25.8 5.8 0.40 1.00 55 33 1.00
S 25.8 5.8 0.42 1.00 60 33 1.00
M B 15.5 5.8 0.50 1.58 215 56 1.67
[ 25.8 5.8 0.40 1.00 8 11 1.00
S 25.8 5.8 D.42 1.00 60 13 1.00
NKK AA B 16.0 57.1 V.20 19.33 1160 525 15.91
H 16.0 27.5 0.88 11.35 624 283 7.67
5 16.0 57.1 0.87 1017 610 525 15.91
A B 16.0 38.1 1.0 13.70 822 351 10.64
M 16.0 18.7 0.79 9.15 503 172 5.21
S 16.¢ 38.1 0.87 10.17 610 351 10.64
B B 16.0 26.0 1.0 13.70 §22 239 7.24
M 25.8 5.8 0.69 2.96 163 Kk} 1.00
S 16.0 26.0 0.63 5.13 320 239 7.24
C B 16.0 12.1 Q.87 10.17 610 m .36
M 25.8 5.8 .67 2.78 153 3 1.00
5 16.0 12 0.42 2.1 142 1 3.36
1A Super
1A
I8 ~———— Same as ABS
I
PEOPLES REPUB- Bl B 12.9 11.6 0.72 \0.60 636 132 4.00
LIC OF CHINA " 12.9 5.8 0.56 7.00 85 66 2.00
S 12.9 1.6 0.50 5.%2 307 132 4.00
BI B 12.9 11.6 0.60 71.35 441 132 4.00
M 12.9 5.8 0.50 5.58 307 66 2.00
5 12.9 11.6 .48 4,72 283 132 4,00
Bl B 12.9 11.6 .56 6.42 385 132 4.00
] 25.8 5.8 0.46 1.3 72 33 1.00
$ 25.8 5.8 0.44 1.10 66 33 1.00
BIli [} 12.9 [ 0.50 612 jo7 66 ZQ
N 25.8 5.8 0.40 1.00 55 13 .00
5 25.8 5.8 0.42 1.00 60 13 1.00
) 12.9 3.8 0.55 6.18 n 43 1.30
(Riger M 25.8 5.8 0.40 1.00 58 13 1.00
Vessels) S 25.8 5.8 0.42 1.00 1H 33 1.00
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TABLE 8-2.2
COMPARISON OF I1CE STRENGTHENED SCANTLINGS
IN TERMS OF NORMALIZED LOAD CARRYING CAPABILITY

M.¥. ARCTIC
FRAME SPAC. FRAME S.M. PLATE YHICK. P/P P P B/P
- : . P F Rui
RULE CLASS AREA [in] Cin'] [in] Rule [;Jsait]e [p';ai"‘]e uie
ABS +a1 M 32.9 116.9 0.67 HA 104 146 NA
. B&S 2.9 116.9 0.60 NA 83 146 . HA
A 8 16.5 116.9 1.00 3.1¢2 157 292 2.00
M 16.5 116.9 0.84 5.13 534 282 Z.00
S 16.5 116.9 0.84 6.43 514 282 2.480
B B 16.5 116.9 1.00 9.12 757 297 2.00
W 3z.9 116.% 0.89 1.76 183 146 1.00
S 32.9 116.5 6.77 1.65 137 iL13 1.00
c B 16.5 102.3 0.84 6.43 534 255 1.75
i 32.9 116.9 0.67 1.00 104 146 1.00
5 2.9 116.9 0.67 1.25 104 146 1.00
[AA B 32.9 234.2 1.97 6.85 569 293 2.3
M 32.9 122.3 1.16 2.99 31 153 1.05
5 32.% 116.9 1.00 2.78 23! 146 1.00
1A B 32.9 213.2 3.50 6.27 520 267 1.83
L] 2.9 116.9 1.04 2.40 250 146 1.00
5 32.9 116.9 0.87 2. 175 1db 1.0
16 B 32.9 191.8 1.43 5.69 472 240 1.64
M 2.9 116.9 0.87 1.68 175 146 1.00
5 32.9 116.9 0.70 1.36 113 146 1.00
ic 3 32.9 170.8 3.35 5.07 421 214 1.47
M 32.9 116.9 0.67 1.00 104 146 1.00
S 32.9 116.9 Q.60 1.00 33 146 1.00
LLOYD'S 1* 8 16.5 116.9 1.25 14.25 1183 292 2.00
[ 6.5 116.9 0.75 4.10 426 292 2.00
S 16.5 116.9 0.67 4.10 340 29¢ Z.00
1 B 16.5 116.9 Q.80 5.84 485 292 2.0
M 16.5 116.9 0.67 3.27 340 292 2.00
5 16.5 116.9 0.67 4.09 340 292 2.00
2 B 16.5 116.9 0.80 5.84 485 292 2.00
M 32.9 116.9 0.67 1.00 104 146 .00
S 12.9 116.9 0.87 2. 11 175 146 1,00
3 ] i6.5 96.5 0.67 4.09 340 240 1.64
M 32.9 116.9 0.67 1.00 104 146 1.00
S 329 116.9 0.60 1.00 81 146 1.00
[A Super ]
I8 e Same 35 ABS —m e o e e . e — =
IC !
ASPPR 1 B 2.9 249.7 1.55 6.69 555 313 2.14
H 116.9 .98 2.11 222 146 1.00
5 i16.9 0.98 2.67 222 146 1.00
1A B 399.5 1.96 10.68 887 500 3.42
H 116.9 0.98 2.13 222 IL1 1.00
S 324.6 1.77 §.72 124 406 2.78
2 1 594.2 2.40 10,02 1330 50 514
" 259.7 1.58 5.54 576 325 2.23
5 499 4 2.1% 13.34 1108 6éh 4.28
3 g 159.0 207 21.35 1772 1000 6.85
" 399.5 1.96 8.53 887 500 1.47
5 654,27 2.52 17.44 1467 426 5. 66
4 B 948.7 1o 26.73 2219 1261 8.57
M 5729.3 2.26 11.235 1180 663 4. 54
Y , 819.0 2.81 21.98 1824 1026 703
8 B i 1198.5 3.40 32.17 2670 1501 10.28
" £59.2 2.5¢2 14.11 1467 826 5.66
K] 936.8 3.01 25.22 2093 1176 8.0%
7 B 1388.2 3.67 37.48 s 1751 .99
M 749.1 2.69 16.07 1671 938 6.42
S 1048.7 3.18 28.14 2336 113 8.99
8 B 1498.1 3.80 40.18 3335 1876 12.85
M 848.9 2.8 18.16 1889 1063 1.28
5 1198.5 31.40 32.47 2670 154 10.28
10 B 1498 .Y 3.80 40,15 31335 1876 12.85%
i 543.8 3.02 20,26 2107 1188 8.14
5 1198.5 3.40 3217 2610 1501 10.28
ONY ICL C B 12.0 284.4 1.00 -- 1402 475 6.67
il 32.9 116.9 0.67 1.00 104 146 1.00
5 32.9 116.9 0.60 1.00 83 146 1.00
1CEBREAKER B 20.5 161,80 0.85 446 370 2331 15.98
M 20.5 1161.0 0.68 2.28 23 2333 15.98
5 20.5 11610 0.8% 4.46 370 23133 15.98
ARCTIC B 20.5 1451 .0 . 7.6e0 631 2916 19.97
1CEBREAKEK M 20.5 1451.0 0.948 q.72 491 2916 14.97
S 20.5 1451.0 1.1 7.60 631 2916 19.97
: 1A*
| 1A
! 1B - Same as ABS -
‘ ic g
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COMPAR1SOK OF ICE STRENGTHENED SCANTLINGS
TN TERMS OF NORMALIZED LOAD CARRYING CAPABLLITY

TABLE B-2.2 {Continued)

M.¥. ARCTIC
FRAME SPAC. FRAME S.M.  PLATE THICK., F/P F, P P/P
. : Rule Plate Frame Rule
RULE CLASS AREA [in] [in’] [in] [pst]_ [pst]
. BUREAU Glace [ Super 8 16.5 175.4 1.26 14.48 1202 438 3.00
VERITAS M 16.5 116.9 1.20 10.49 109) 292 2.00
5 16.5 175.4 1.10 11.04 916 438 3.00
Glace 1 B 16.5 175.4 1.0 9.1 713 438 .00
M 16.5 116.9 0.80 4.66 485 292 2.40
S 16.5 115.4 0.80 5.84 485 438 3.60
Glace 11 ] 16.5 175.4 1.01 9,31 77 138 3.00
M iz2.9 6.9 0.77 1.132 137 148 1.60
5 32.9 116.9 0.77 1.65 137 196 1.00
Glace 111 B 16.5 102.3 0.84 6.43 534 255 1.75
W 32.9 116.9 0.67 1.00 104 146 1.00
g 32.9 116.9 0.60 1.0u a3 146 1.00
IA Super
[A 5 ABS
1B —-— ame as —————- B
Ic
RUSS LAN ) B 16.5 120.6 1.06 10.2% 851 301 2.06
M 6.5 120.6 0.84 5.13 534 kIH 2.06
5 16.5 120.6 0.84 6.43 534 01 2.06
al B 16.5 128.6 1.00 9.12 757 321 2.20
M 16.5 116.9 0.83 5.02 522 292 2.00
5 16.5 116.9 0.43 6.79 522 292 2.00
N2 B 16.5 124.6 Voo 9.17 757 321 2.20
M 32.9 116.9 0.77 1.32 137 146 .00
4 32.9 116.9 0.77 1.65 137 146 1.00
13 B 16.5 102.3 0.44 6.43 534 255 1.75
[ 32.9 116.9 0.67 1.00 104 146 1.00
5 32.9 116.9 0.60 1.00 83 146 1.00
na B 16.5 116.9 0.84 6.43 534 292 2.00
M 32.9 6.9 0.67 .00 104 146 1.00
S 32.9 16.9 0.60 1.00 43 146 1.00
NKK AA [ 16.5 10840 1.44 1592 1570 2724 18.66
H 16.5 1.6 1.04 7.88 819 336 2.30
S 16.5 10910 1.63 9.67 803 7724 18.66
A B 16.5 727.0 1.20 13.13 1090 1815 12.43
M 16.5 90,2 0.94 6.43 669 225 1.54
5 16.5 720.0 1.03 G.67 803 1815 12.43
B 8 16.5 496.0 1.20 13.13 1090 1238 B.48
] 32.9 16,9 3.89 1.76 183 145 1.00
5 16.5 496.0 0.7 £.00 115 1238 8.48
C B 6.5 231.0 1.03 9.67 803 577 3.95
] 32.9 116.9 0.67 1.00 104 146 1.00
5 16.5 231.0 0.60 3.79 273 577 3.95
[A Super
1A
o - Same as ABS - - -
]
i J
PEOPLES REPUB- gl B8 16.5 7140 1.21 13.36 110% 584 4.00
LIC OF LHINA " 16.5 116.9 0.94 6.43 669 292 200
b 16.5 234.0 0.84 5.43 534 584 4.00
81 3 16.5 234 0 1.00 9.17 7 484 4.00
[ 16.5 116.49 0. 80 4.66 LTk 297 2.00
5 6.4 230 .40 4.0 LEES 84 4.00
Bl} B 6.5 234.0 ©.94 4.06 669 584 4,00
M 32.9 116.9 0.74 1.7 126 146 1.00
S 32.9 116.9 0.74 R.06 126 146 1.00
BIl1 B 16.5 316.9 0.84 6.4 534 292 2.00
M 32.9 116.9 0.67 1.00 104 146 1.00
5 32.9 116.9 0.60 1.00 87 145 1.00
B il 16.5 76.0 0.76 5.26 437 (8 1.30
{River M 32.9 116.9 0.67 1.00 104 146 1.00
Vessels) 5 32.9 116.9 0.60 1.60 831 146 1.00
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TABLE B-7.3
COMPARISON OF ICE STRENGTHENED SCANTLINGS

IN TERMS OF HORMALIZED LOAD CARRYING CAPABILITY

ARCFIC TANKER

114

FRAME SPAC,  FRAME S.M.  PLATE THICK. P/P P B, P/P
RULE 3 Rule Plate Frame Rule
CLASS AREA [in] [1n'] [in] P Lo
ABS +4a1 M 19.5 8.4 1.05 HA 196 166 NA
BAS 19.5 8.4 0.78 NA 108 166 NA
A B 19.8 38.4 1.00 5.03 543 332 2.00
M 19.8 1.4 1.05 3.05 598 332 2.00
5 19.8 38.4 1.00 5.03 543 332 2.00
B B 19.8 38.4 1.00 5.03 543 332 2.00
M 39.5 38.4 1.05 1.00 196 166 1.00
S 39.5 38.4 1.00 1.05 178 166 1.00
C B 19.8 i3.6 1.00 5.03 543 290 1.75
M 39.5 38.4 .05 1.00 196 166 1.00
S I 3B.4 0.78 1.08 108 166 1.00
1AA B i 51.8 1.81 5.40 583 204 .1
M 38.4 1.33 1.61 315 166 1,00
S 38.4 1.15 2.18 2315 166 1.00
1A [ 61,7 1.7) 4.94 533 267 1.61
] 38.4 1.20 1.31 256 166 1.00
5 8.4 5.99 1.61 174 166 .00
e B 55.7 1.64 4.44 479 241 1.45
M 38.4 1.05 1.00 196 166 1.00
5 18.4 0.80 1.06 114 166 1.00
e 8 49.4 1.55 1.96 478 214 1.2
M 38.4 1.05 1.00 196 166 1.00
s 38.4 0.73 1.00 108 166 1.00
Liovp's 1+ [ 19.8 3.4 1.25 7.85 848 332 2.00
H 19.8 3.4 .28 4.1 84y 132 2.00
5 19.4 38 .4 1,15 6.65 718 332 2.00
3 B 19.8 3.4 1.0 5.03 543 332 2.00
M 19.8 38.4 1.05 3.05 598 332 2.00
5 19.8 38.4 1.00 5.03 543 332 2.00
2 B 19.8 38.4 1.00 5.03 543 33 2.00
L 19.5 38.4 1.05 1.00 196 166 1.00
5 38.% 8.4 1.00 1,65 178 168 1.00
3 B 19.8 3.7 1.00 5.03 543 274 }.65
] 39.5 .4 1.05 1.00 196 166 1.00
5 6.5 38.4 n.78 .00 108 166 1.00
1A Super
14 cem— - Same ag ABS —— - — o —= s - T e e e
8
i J
ASPPR 1 B 39.5 106. 2 2.36 9.19 992 450 2.17
[ 38.4 1.18 1.29 248 166 1.00
S 38.4 1.18 2.30 248 166 1.00
14 B 159.4 2.88 13.67 1417 690 4.15
H 69.1 1.90 3.28 643 299 1.80
5 86.3 2.2 7.41 H00 374 2.25
2 [} 212.5 3.33 .28 1974 920 5.54
M 106.2 2.36 5,06 992 460 2.717
5 132.8 2.63 11.40 1231 575 3.46
3 & 265 6 3.72 22.8% 2463 1150 6.93
M 140.8 2.7 6.67 1308 610 3.67
5 175.3 3.03 15.14 16315 759 4.57
4 1l 314.7 4.08 27.04 7964 1380 4.3
] 175.3 3.03 8.34 1635 759 4.57
Y 217.8 3.37 18,72 2022 943 5.68
6 8 { 371.8 4.1 32.06 62 1610 9.70
M 189 2 3.23 9.47 1857 863 5,20
5 2497 3.61 21.48 2320 1041 6.51
7 B 398.4 4.56 34.28 3702 1725 10.39
M 2257 3.43 10.69 2095 977 5.89
5 278.9 3.82 24.06 2598 1208 .28
8 [ 398.4 4,56 34.28 3702 1725 10.39
H 252.3 3.63 11.97 2348 109) 6.58
5 318.7 4,08 27.44 2964 1380 8.31
10 B 398.4 4.56 34.28 3702 1725 10.39
M 252.3 3.63 11.97 2346 1093 6.58
5 387 4.08 27.44 2964 1380 8.1




TABLE B-2.3 (Continued)

COMFARLSON OF TCE STRENGTHENEL SCANTLINGS
IN TERMS OF NORMALIZED LODAD CARRYING CAPABILITY

ARCTIC TANKER

FRAME SPAC.  FRAME S.M.  PLATE THICK. F/P
RULE CLASS AREA [in] Lin'] [n] Prate  Prrate Frrame  F/Paute
psi]  [psi
Y IE ¢ B 12.9 103.5 1.00 12.86 1389 1475 8.89
M 39.5 38.4 1.05 1.00 196 166 1.00
5 39.5 8.4 0.78 1.00 108 166 1.00
ICEBREAKER B 21.9 61.2 3.17 28.13 3038 375 2.26
" 61.2 2.53 9.87 1935 7% 2.26
S 61.2 3.17 28.13 3018 375 2.26
ARCTIC B 76.5 4,12 a7.5! 5131 469 2.83
1CEBREAKER M 76.5 3.29 16.69 272 469 2.83
5 76.5 4.12 47.51 5131 469 2.83
1A%
- -~ Same a5 ABS — ; - -
IC
BURE AU Glace I-Super B 19,8 57.6 1.26 7.98 862 498 3.00
VERTTAS ] 19.8 38.4 V.26 4,40 862 332 2.00
5 19.4 57.6 1.26 7.96 862 498 3.00
_BUREAU Glace 1 B 19.8 57.6 1.00 5.03 543 498 3.00
VERTTAS M 19.8 38.4 1.05 3.05 598 337 2.00
5 9.8 57.6 1.00 5.03 543 498 .00
Glace 11 B 19.8 57.6 1.00 5.03 543 498 3.00
" 39.5 8.4 1.05 1.00 196 166 1.00
5 39.5 3.4 1.00 1.65 178 166 1.60
Glace 111 B 19.8 33.6 1.00 5.03 543 240 1.75
M 39.5 38.4 1.05 1.00 196 166 1.00
5 39.5 3.4 V.00 1.65 178 166 1.00
1A Super
@ IBA - Same as ABS — — .- - -
Ed
= 1
USSR YA 8 19.8 76,5 2.00 20.50 2214 609 3.67
] 19.8 5.8 1.39 5.35 1049 447 Z.69
5 9.8 51.8 1.39 9.1 1049 447 2.6%
Al B 19.8 42.3 1.58 12.55 1354 365 2.20
M 19.8 8.4 .35 5.05 989 132 2.00
S 19.8 8.4 1.35 9.16 989 132 2.00
n2 B 19.8 42.3 1.00 5.03 543 165 2.20
M 39.5 8.4 1.05 1.00 196 166 1.00
5 9.5 36,4 1.00 1.65 178 166 1.00
A3 B 19.8 33.6 1.00 5.03 543 290 1.75
M 19,5 3.4 1.05 1.00 195 166 1.00
5 39.5 3.4 C.78 1,00 i 166 .00
44 B 237 36.4 1.00 3.67 196 277 1.67
M 39.4 3.4 1.05 1.00 196 166 1.00
5 39.5 8.4 0.78 1.00 108 166 1.00
-NKK AA B 19.8 185.7 1.83 16.82 1817 1604 9.66
M 98.7 1.3 4.75 931 853 5.14
5 185.7 1.30 8.43 917 1604 9.66
A B 123.8 1.52 11.61 1254 1069 6.4
M 66.2 1.18 3.87 756 570 3.43
5 173.8 1.30 8.4% 917 1069 6.44
B B 4.4 1.52 11,61 1254 729 4.39
M 39.5 38.4 1.12 .14 223 166 1.00
5 19.8 84.4 0.92 4,25 459 729 4.39
¢ B 19.8 39.4 1.30 8.49 517 340 2.05
@ " 39.5 38.4 1.05 1.00 196 166 1.00
& 5 19.8 39.4 0.78 3.06 330 340 2.08
{A Super
1A
1B Same as ABS -
Ic
PEGPLES BI* 8 19.8 76.8 1.26 7.98 862 663 3.99
REPUBLIC OF ] 19.8 38.4 1.26 4.40 862 33 2.00
CHINA 5 19.8 76.8 1.26 7.98 162 663 3.99
Bl B 19.8 76.8 1.00 5.03 543 663 .99
M 19.8 38.4 1.05 3.05 598 132 2.00
3 19.8 76.8 1,00 5.03 543 663 3.99
BI1 B 19.8 76.8 1.00 5.03 543 663 3.99
M 39.5 8.4 1.05 1.00 195 166 1.00
3 39.5 8.4 1.00 1.65 178 165 1.00
BILI B 39.5 8.4 1.00 1.65 178 166 1.00
H 39.5 .4 1.05 1.00 196 166 1.00
3 39.5 36.4 0.78 1.00 108 166 1.00
_PEOPLES B B 19.8 25.0 0.55 1.52 164 216 i.30
REPUB- (River M 9.5 38.4 1.05 1.00 196 166 1.00
LIC OF CHENA  Vessels) s 39.5 38.4 0.78 1.00 108 166 1.00
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APPENDIX B-3

TABULAR LISTING OF LOW-TEMPERATURE
STEELS AND THEIR PROPERTIES
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TABLE B-3.1

STEEL TYPES USED FOR SHIPS NAVIGATING IN ICE

MATERIAL

REGION OF APPLICATION:

SPECIFICATION SOURCE: ICE BELT, ICE 1CE STRINGERS & | STRUCTURE ADJ. SUPERSTRUCT. ) SPECIAL
FRAMES , SHELL, OTHER ICE PO SHELL & INTERIGR APPLICATIONS
L WEATHER DECKS MEMBERS WEATHER DECKS STRUCTURE
American Bureau of ABS MS Grades
Shipping (1980} A.H,D,E,DS,CS
RBS HTS Grades Ditto Ditto Ditte
AH32, DH3Z,
EH32, AHl&,
. DHIB, EH3G .
Linyd's Regiater of LR M5 Grades
shlpping 11979) - Brithsh | A,B.D,E,
classification Rules for
Ships LR HTS Grades
AH2TS, TH2TS,
EH27s, ANz, Ditto Ditto pitto
DH32, EHLZ,
AN34s, DHUAS,
EH]45, AHIG,
- DHI6, EH3E 5
et Horske Veritas (1977)4 DNV NS Grades
Norweglan "lassification KVA, NVH, WD,
Rulaes for Ships NVE
DNV HTS Grades Ditto Ditto Ditto
NVA27S, NVL2TS,
HYE2TS, NVAIZ,
NV32, HVE]2,
NVA3E, HVI?I6,
NVE 16, NVA4NS,
_ } wenans, wveans ) 1oL
Bureau Veritas (1977) - BY M5 Grades
French Classification A, B, D, E
Rules for Ships Dieto Titto pitta
BV HTS Grades
AHI2, £M32,
EH32, MH36,
PHI6, EHIE
Nippon Kaiji Koykal {1979)] NKK MS Grades
- Japanese Classification | KA, KB, KD, KE
Rules for Ships
NEX HTS Grades Ditto Nitto Ditto
KAJ2, kD12,
KE32, KAIG,
KD36, KEl6
Germanischer Lloyd [1980) | GL M5 Grades
German Classification A, B, D, E
Rules far Shipa Dleta Dittn Ditto
GL HTS Grades
A32, D32, E3Z,
A6, DI6, E}6
specifications for USCG CG-A5I™M for CG-A537M for CG-ASI7M for ABS Steel Graded HY-BO for !lith
400~Faot Polar Claes plates and fabricated plates, ASTHM - deck and around
Icebreaker ghapes shapen; A517 Class 1 & large dack
CG-AS317M, ASTM- | ASTM-AS537 openings
AS37 Clams VY, Clasa 2 for
AST™M - AS17 rolled shapes
Class 2 for
tolled shapes
specifications for USCG ASTHM-A517 Clams [ ASTM-A537 Clasa | ARS Steel Graded ARS steel
140-Foot Harbor Tug 1 or 2, and 1 or 2, and B, C or C8 Grades B, € or
MBS Grade E ABS Grade E cs
specifications for CG-A53M CG-AS3ITH ABS Steel Gradedsl ABS Steel Graded
Nuclear [cehreaking [except for { including
Tanker shell) shell)
-
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STEEL TYPES PROPOSED FOR SHIPS NAVIGATING IN ICE

TABLE B-3.2

REGION COF APPLICATION:

MATERIAL
SPECIFICATION SQURCE: ICE BELT, ICE ICE STRINGERS & | STRUCTURE ADJ. SUPERSTRUCT. , SPECIAL
FRAMES, SHELL, OTHER ICE TG SHELL & INTERIOR APPLICATIONS
WEATHER DECKS MEMBERS WEATHER DECKS STRUCTURE
Additional materials ASTM-A 710 Ditto Ditto

propoesed for ice-
strengthened ships as
recommended by steel
manufacturers

Gr.A, Class 3

ASTM=-A 633
Gr. A& B

ASTM-A 633
Gr. C

ASTM-A 633
Gr. D

ASTM-A 633
&Gr. E

ASTM-A 737
Gr. B

ASTM-A 678
Gr. A

ASTM-A 678
Gr. B

ASTM-A 678
Gr. C

ABS Gr. V-039

ABS Gr. V-0351
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TABLE B-3.3

PROPERTIES OF STEELS USED_FOR_ICE-STRENGTRENED SHIPS

ABRS
M5 Gr. A

Lloyd's Register
M5 Gr. A

Morske Verltas
MS Gr. WVA

PROCESS OF MANIFACTURE

Open-hearth, basic-oxygen,
electric-furnace, vacuum-
arc ramelt, or electro-
slag remelt process

Open-hearth, electric-
furnace, or basic-oxyaen
processa

Open-hearth, hasic-oxygen,
oy electric~furnace
proceas

DEOXRTOATION

Any method, except rimmed
ateel®

Any methnd, except rimmed
steal*

Any mathod, except rimmed
ateel?

HEAT TREATMENT

Not required

Mot required

Hot requlred

CHEMICAL COMPOSITEON
{Ladle Analysis - %}

Carbon (max.)
Manganese
Phaspharns [max,)
Sulphur {max.)
Stlienn
Cheomium
Nickel

Ml ybdenum
Copper
Titanium
Vanadium
Aluminum
Mhers

Nt ws

Except for Gr, A shapea &
tars, the carbon content
+ 1/6 of the manganene
content is not to exceed
0.40%. If this condition
is satisfijed, manganese
may De up te 1.65%,

0.23
2.5 x carhon **
0.0d
D.1n4

“Rimmed steml is accepted
for plates up to 12.5 MM

The gum of carbon <ontent
plus 1/6 of the manganese
content ghall not exceed
0.40%,

0.23

2.5 x carbon **
a.05

a.0s

0.50 max.

*gimmed ateel
for

is acrepted
plates up to 12,5 MM

Carban plug 1/6 of the
manganese content is not tol
exceed 0.40%.

0,234+

2.5 % carhon
0.04

n.n4

0.35 max.

*For thickn. 12.% MM
{1/2 [N} crlimmed steel may

RARINFLL HARMIESS

(1/2 1IN}, tY/2 IN}. he accepted.
**Min, for 12,5 MM A0Min. for 12.5 MM “*Fnr thickn. 12,5 MM
(172 1N, (1/2 IN). 11/2 1) a higher carbon
content may he accepted
PR | upon gpecial approval.

TENSILE REQUIREMENTS

ultimare KG/MMZ {KS1) 4t - 30 158 - 71) 41 - 50 (58 - T 41 - 5S¢ (50 - T1)

tield tmin.ikG/Mm2 (k51 24 134) incl. 25 MH (1 IN) 24 (34} 24 (34) Incl. 25 MM (1 N)
23 (32) abave 25 MM (1 IN] 23 (32) above 25 MM (1 IN)

Elnngation {min.) % in 21 in 200 MM {8 [N} nr 24 22 22

5.65 YR MM (IN) or a8 | in 50 MM (2 IN)
noted (A=marea of ape.]

[ THARPY V-NOTCH IMPACT None required None required None required

TEST

Temperature *°C

Energy, KG-M (FT-LB)

NDT TEMPERATURE *C

-

DYNAMIC TERR ENERGY

IN KG-M (FT-LR) AT 24°C

FOR 16 MM (5/8 [N)

THICK SPEUCIMEN

ABRAS1UN RESISTANCE AS 110 - t4n 1N - 140 110 - t4n

REQUI RPED WELDING AND
FARHICATIUN TECHNIQNIES

FFYATIVE ©OST FRTTOR

(laasd an ARE Grade A)

Conventional welding
methnda. No preheating.
Normal Forming and cutting
practine,

119

T Conventional weldlng

methoda. Mo preheating.
Mormal Foarming and cutting
pract ice.

Conveant lonal welding
methods. Wn preheating.
Normal formlng and
practice,

ikt ing




TABLE B-3.3{Continued)

PROPERTIES OF STEELS USED FOR 1CE=STRENGTHENED SHIPS

STEEL TYPE & GRADE

Bureau Verltas
M5 Gr, A

NKK
ME Gr. KA

German Lloyd
M8 Gr. A

PROCESS OF MANUFACTURE

Open-hearth, basic-oxygen,
electric-furnace, of any
equivalent approved by the
soclaty

Open-hearth, hasic-oxyyen,
ar electric-furnace
prncess, or other approved
by the society

Npen-heacth, basic-oxygen,
electric-furnace, or any
equivalent approved by the
society

DEOXIDATICHN

Not reqd., but rimmed steel
not above 12.5 MM {(1/2 1N)

semi~killed or xilled*

ARy method, except rimmed
wtee)l above 12.5 MHM(1/2 IN

HEAT TREATMENT

Not required

Not required

Mot required

CHEMICAL COMPOSITION
{Ladle Analysis - %]

Carhon (max.}
HManganese
phoaphorus (max.)
Sul phuy (max.)
Si1)dcon
Chromium
Hirkel

Mol ybdenum
Coppet
Titaniom

vanad ium
Alum!nam
Mhars

Notesa:

*Manganese content nat to
he less than 2-1/2 times
the ~arbon contemnt for
more than 12.5 MM

$1/2 IN}.

a.23

2.5 u C min,
Q.04

0.04

0.35 max.

*Rimmed pteel is accepted
for plates up to 12.5 MM
{4/2 TN} Inclusive.

0.23

2.5 x ¢ min.*
.04

0.04

N.35 max.

*Manganese content may
be leas below 12.3 MM
1/2 IN).

TENSILE REQAIIREMENTS
Ultimate KG/MMZ (KSI)
vield (min.)kG/mu? (Xs
Elongation (min.} % in
5.65 YR MM (IN) or ar
noted (A=area of spe.

41 - S0 (58 -~ 71)
T 24 (34
22

}

41 - 50 (%8 - 1)
24 (34}
22

41 - S0 (58 - T71)
24 {34}
27

CHARPY V-NOTCH IMPACT
TEST

Temperature °C
Energy, KG-M (FT-LB}

Mone required

Hone required

Hone tequired

NOT TEMPERATUHE *i

[ DYNAMIT TEAR ENERGY

IN KG-M (FT-LR) AT 24°
FOR 1% MM (S/H IN)
THICK SPECIMEN

ARARASTON RESISTANCE AS
BR INEL]l, HARIMESS

REMITRED WELDING AND

PELATIVE T FACTOR
Flae ) oon ARG Girade AY

(o

110 - 40

110 - 140

110 - 140

snvanticnal welding
methods, No preheating.

FRAHRICATION TECHNTUES Normal forming and cutrlng

practics,

Conventinnal welding
methods. No prebeating.
Normal Eseming and cutting
practice.

120

convent ional wel Alny
methunis. No preheating.
NMormal formling and cuttlng
practice.

1.0




TABLE B-3.3 (Continued}

PROPERTIES OF STEELS USED FOR ICE-STREMGTHENED SHIPS

STEEL TYPE & GRADE

ABS
M5 Gr. B

Lloyd's Register
MS Gr. B

Norske Varitas
M5 Gr. NVB

PROCESS OF MANUFACTURE

Open-hearth, baslcroxygen,
electricsfurnace, vacuum-
arc remelt, or electro-
slag remelt process

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

Dpen-hearth, basic-oxyogen,
or electrle-Ffurnace procesd

DEOXIDATICN

Any method, except rimmed
steal

Any method, except rirwmed
xtael

Any method, except rimmed
ateel

HEAT TREATMENT

Not required

Mot required

Mot regquired

CHEMICAL COMPISITION
(Ladle Analysis - %)

Carban {max.)
Hanganese
Phosphorug {max.)
Sulphur {max.)
Silicnn
Chromjum
Nickel

Mol ybdenum
Cnpper
Titanium
vansadium
Aluminam
therg

Notes:

The sum of carbon content

The carban content + 1/6 of] plus 1/6 of the manganese

the manganese content is
not to exceed 0.40%, If
this condition is
satiafied, manganese may
be up to 1.65%.

.21

9.80 = 1,10%
0,04
a.04
0.35 max.

*0.60 min., for fully
killed or cold flanging
quality.

content shall not exceed
0. 40%,

0.21
0.80 min.*
0.04
0,04
0,50 max.

*If silicon content im
0.1 or more, min.
manganese may he 0.&0.

Carbon plus 1/6 of the
manganese content is not to
exceed 0,40%.

0.21
0.B0*
0.04
0.n4
N.35 max.

*If sllicon content is
0,10, min. manganege
may be raduced to N.RAN,

TENSILE REQUIREMENTS
Ultimate XG/MMZ (KS1)
Yield (min.}XG/MMZ (KB
Elongatlon (min.) % in
5.65 1K MM (IN) or as
noted (A=area of spe.)

41 - S0 (58 - 71}

24 (34
21 in 200 MM {3 IN) or 24
in 50 MM {2 IN)

41 - 50 {SR = 71}
24 (33)
22

41 - 50 (58 - T
24 (34}
22

CHARPY V-HOTCH IMPACT
TEST

Temperature *C
Energy, XG-M (FT-LB)

Required for thicknesees

above 25 MM (1 IN) only
o

2.8 (20) Longitudinal

2.0 {14) Transversge

Regquired for thicknesses

above 25 MM (1 IN) only
a

2.8 (20) Longitudinal

]
2.8 (20} Longitudinal
2.0 (14} Transverse

NPT TEMPERATURE *C

+10 to + 16

DYNAMIC TEAR ENERGY
IN ¥G;-M (FT-LB) AT 24°C

-

BRINELL HARDMNESS

FOR 16 MM (5/8 IN) 46 (331)
THLR SPECIMEN
KBRASION RESISTANCE AS 110 - 140 110 - 140 110 - t4n

REQUIREND WELDING AND
FABRICATION TECHNIQUES

Conventional welding
methods, No preheating.

Conventional welding

Mormal farming and cuttlng | methods. No preheating.

practlae.

Normal forming and cutting
practice.

Conventianal welding
mathndes. No preheating.
Normal forming and cuttimg
practice.,

RELATIVE COST FACTOR
i Baged on ARS Grade A)

1.015

1.015

1.015
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TABLE 8-3.3 (Continued)

PROPERTIES OF STEFLS USED FOR ICE-STRENGTHEWED SHIPS

STEEL TYPE & GRADE

Bureau Veritas
M5 Gr. B

NKX
M5 Gr., KB

German. Lloyd
M8 Gxr. B

PROCESS OF MANUFACTURE

Open=haarth, basic-oxygen,
electric-furnace, or any
eguivalant approved hy the

Open-hearth, basic-oxyqen,
or electric-furnace
process, or other approved

b dhe oo gar
by the society

Open-heatth, basic-oxygen,
#lacty tc-Furnace, or any
equivalent approved by the

BOCIELY

DEOXINATION

Rimmed ateel not to be
used

Semi-killed or killed

Any method, axcept rimmed
steel

HEAT TREATMENT

Not required

Not required

Hot required

CHEMICAL COMPOSTTION
iLadle Ahalysis - %)

Carbon (max.)
Manganess
Phasphorus {max.)
Sulphur (max.}
Silicon
Chromium
Nickel

Mol ybdenum
Cupper
Titanium
Vanadium
Aluvelnum
Nthers

Hotes:

a. 11
0.80 - 1.40
Q.05
0.05
0.15 max.

0.21
0.80 min.
0.04
0,04

0.3% max.

TENSILE REQUIREMENTS
Ultimate XG/MMZ {XS1)

41 - 50 (58 - 1}

Yield [min.)ikG/mu? (xst 24 ()

41 - 50 (58 - T}

41 - 50 (S8 - T1)

Energy, KGeM (FT-1,B)

2.8 (20) Longitudinal
2.1 (15} Tranaverae

24 {34} 24 (34}
Elongation {min.} % in 22 22 22
5.65 4R MM [IN] or as
noted [A=area of spe.)
CHARPY V-HOTCH IMPACT Nrne requlred
TEST
Temparature *C 0 o

2.8 (20} Longitudlinal

HDT TEMPERATURE *C

DYNAMIC TEAR ENERGY

IN Ki-M [FT-LB} AT 24+
FOR 16 MM (5/86 IN)
TIFICK SPECIMEN

ARRASION RESISTAHCE AS
BRINELI, HARIWESS

19 - 140

110 - 140

10 - 40

REQUIREN WELNING AND
FARRICATION TECHN IQNES

HELATIVE COST FACTOR
{Hated on KBS fGrade A)

Conventional walding
methods, Na preheating.
Hormal fotming and cutting
practice.

S

Convertional welding
methnda. MNo prebeating.
Normal forming and cutting
practice,

Conventjonal welding
methoids. No preheating.
Harmal forming and cutting
practice,

1.01%

1.019%

1.015
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TABLE B-3.3 (Continued)

PROPERTIES (OF STEELS USED FOR ICE-STRENGTHENED SHIPS

STEEL TYPE & GRADE

ARS
MS Gr. DS

ARS
HTS Gr. AH32

Lloyd's Register
HTS Gr. AH27S

PROCESS OF MANUFACTURE

Open-hearth, haslc-oxygen,
electric-Furnace, vacuum-
arc remelt, or electro-
alay remelt process

Open-hearth, haslc-oxygan,
or electric-furnace
process

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

DEOXIDATION

Fully kitled, fine grain
practice

Semi-killed or killed

Semi-killed or ailicon-
killed

HEAT TREATMENT

Narmalized

Normd.above 35 MM{1.38 IN)}
Normd,above 12.5MM(1/2IN)*4

Hormd.above 35 MM{1.38 IN}

CHEMICAL COMPOSITION
{Ladle Analysis - %}

Carbon (max.)
Manganese
Phoaphorus (max.}
Sulphyr (max.)
Eillinon
Chromium
Hickel
Molybdenum
Coppay
Titanium
Vanadium
Aluminum
thers

Notes;

The carbon content + 1/6
of the manganese content
is not to exceed 0.408.
If thia condition is
aatisfled, maaganese may
be up tr 1.65%.

0,16

1.0 - 1,35
0.04
0.04

0.10 - 0.35

0.18
0,90 - 1.60+4*

0.04
0.4

.10 - 0.50
0.25 max.
0.40 max.
0.08 max.
0.35 max.

0.10 max.
0.05 max. b

*If aluminum-treated.

**1f columbium or vanadium
practice used.

*HE12.5 MM (1/2 IN) and
umider may have min.
manganeae of 0,70,

0.8

0.70 - 1.60
0.04
0.04
0,05 max.
0,20 max,
0,40 max.
0,08 max,
0.35 max.

0.03 - 0.10
0.015 min.
0.015 - 0.05 Wb

“Above 12.5 MM {1/2 IN),
if niobium nr aluminum
+ niobium practice ia used.|

TENSILE REQUIREMENTS
Ultimate XG/MMZ (KST)
Yield (min.}XG/MMZ (KSI)
Elongatlon (min.} % in
5,65 {A" MM {IN} or am
noted (A=area of spe.)

41 - 50 (58 - )
24 (34}
21 in 200 MM (8 IN) or
24 in 50 MM (2 IN)

48 - &0 (68 -~ B5)

32 {45.5)
19 in 200 MM {B IN) or
22 in 50 MM (2 IN)

41 - 52 (58 - M)
27 {38.5)
22

CHARPY V-NOTCH IMPACT
TEST

Temperature °C
Energy, KG+M (FT-LB)

None required

None required

Required for thicknesases
above 12.% MM [1/2 IN} only
o

2.8 {20) Longitudinal

RDT TEMPERATURE *C -12 ro -7

DYNAMIC TEAR ENERGY

IN KG+M {FT-LB] AT }4°C

FOR 16 MM {5/8 1IN) 14 {101}

THICK SPECIMEH

ABRASION RESISTANCE AS 10 - 140 135 - 1710 110 - 147

BRINELL, HARDNESS

REQAUJLREND WELOTNG AND
FARRICATION TECHNIQUES

Canventianal welding
methords. No preheating.
Hormal forming and cutking
practice.

Moderate preheat for
weldtng. Low hydrogen
practice, HNormal forming
and cutting practice.

Miderate preheat for
welding. Low-hydrogen
practice. HBormal forming
and cutting pracrice.

HELATIVE COST FACTOR
tBaard on ARS Grade A)

1.11
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TABLE B-3

PROPERTIES OF STEELS USED FOR ICE-STRENGTHEMED SHIPS

.3 (Comtinued)

STEEL TYPE & GRADE

Lloyd's Register
HTS Gr. AHI2

Norake Veritas
HTS Gr. NVA 275

Horske Veritas
HTS Gr. NvAj2

PROCESS OF MANUFACTURE

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

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

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

DEOXIDATION

Semi-killed or milicon-
Kllled

Semi-killed or fully
killed

Fully killed

if nioblum nr aluminum
+ nilohium practice Is
uaed,

| HEAT TRENTMENT. Normd.above 35 MM{1.38 IN)% Not required Normalized

CHEMICAL COMPOSITION

{Ladle Analysis ~ %)
Carbon (max.) 9.18 0.20 0.18
Manganese 6.70 - 16.0 0.70 min. 0.9 - 1.6%
Phosphnrus { max.) .04 0.04 0.04
Sulphur (max.} 0.04 0.04 0.04
Silicon 0.05 max. 0.0 - 0.50
Chromium .24 max., 0,20 max. 0,20 max.
Nickel 0.40 max. M40 max. 0.40 max.
Mol yhdenum 0,48 max. 0.08 max. 0.08 max,
Copper 0.35 max. 0,35 max. 0.35 max.
Titanium
vanadium Q.01 - 0.0 0.90 max. 0.10 max.
Aduminum 0.015 min. 0,08 max, 0,08 max,
Others 0.115 - 0.05 Nh N.05 max. Mo 01.05 max, M
Notes: *Above 12,5 MM {172 TN},

*0.70 min. may be usmed fnr
12.5 ™M [ 1/2 IN} and less.

TENSILE REQUIREMENTS
Ultimate KG/MMZ (KST)

45 - 60 {64 - AS)

41 - 52 (58 - 74)

45 - 60 {fd - A5)

Energy, KG-M (FT-LB)

3.16 (21) Longitudinal

Yield (min.)KG/MMZ (KS1) 32 {45.5) 27 {38.%5) 32 145.5)
Elongation [(min.} % in 22 22 22

5.65 YA MM (IN) or as

noted [A=area of ape.)

CHARPY V-NOTCH 1IMPACT Required for thicknesaes None required

TEST above 12.5 MM (172 IN) only

Tempetature *C [i] 0

3.4 (23} Longlitudinal
2.24 (16} Trangverse

NOT TEMPERATURE °C

DYNAMIC TEAR ENERGY

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

ABRASTON RESISTANCE AS
RRI[NELT, HARDNESS

125 - ¥

1o - 147

125 - 170

REQUIRED WELDING AND
FABRICATTON TECHNIQUES

"l«" "IVE ST FAUTOR
Haard on ABS firade A)

Moderate preheat for
welding. ULow-hydingen
practice. MNormal forming
and cutting practice.

Moderate preheat for
welding, GLnw-hydrogen
practice. HNormal forming
and cuttlng practice.

Mnderate preheat for
walding., Low-hydrogen
practice. MNormal forming
and cutting pwactice,

1.1
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TABLE B-3.3 {(Continued)

PROPERTIES OF STEELS USED FOR 1CE=-STRENGTHENED SHIPS

STEEL TYPE & GRADE

Bureay Verijtas
HTS Gr. AH32

NKX
HTS Gr. ¥KA32

German. Llayd
HTS Gr. A32

PROCESS OF MANUFACTURE

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

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

Cpen-hearth, basic-oxygen,
electric-furnace ar any
equivalent approved by the

ot vanadium treated.
FE0.90-1.60 abnave 12.5 MM
11/2 1IN},

“s8 0. 100,50 ahove 12,5 MM
E142 TNY.

Boclety by the society aociety
DEOKIDATION Unr immed steel, killed Killed Killed
above 12.5 MM {1/2 IN)

&T TREATMENT Not required* Hormalized Normalized

CHEMICAL COMPOSITION

fLadle Analysis - %)
Carbon (max.) 0. 1A 0.1n 0.18
Manganese 0.70 = 1,p0 *r 0,90 - 1.60 n.9n - 1.60*
Phosphorus {(max.) 0.0 0.04 0.04
Sulphur (max, | 0.n4 0.04 0,04
Silicam 0.05 max, Toe 0 - 0,50 ¢.10 - 0.50
<h Ga20 max. .20 max. 0,20 max.
Nickel 0.40 max. .40 max. 0,40 max.
Mol ybdenum 0.08 max. N.0R max. 0.08 max.
Capper 0.15 max. 0,15 max. 0.3% max.
Titanium
Vanadium 0.10 max.
Alumlnum 0.0h max. 0.015 min. n.07 max.
theri 0.05% max. Nb
Notes: *Not required, 1F aluminum *Minimum ia 0.70 below

12.5 MM [ /2 N},

TENSILE REQUEREMENTS
Bltimate XG/MMZ (KSI)

45 - 60 (64 - 85)

4R - R0 (KA - BS}

48 - RO (FA - BS)

Temperature *
Energy, KG-M (FT-LB}

3.2 (23}) Longitudinal
2.3 (17) Transverse

Yield (min.IxG/MM? (KS0) 32 145.5%) 32 (45.5) 12 {4%.5)
Elongation imin.] % in 20 22 22
5.65 ;& MM (1K} or as
noted [(A=area of spe.])
CHARPY V-NOTCH IMPACT Hone required
TEST
0 Q

3.2 {(23) Longitudinal
2.2 {16) Transverse

Rt TEMPERATURE °C

DYNAMI{T TEAR ENERGY

IN KG-M (FT-LR) AT 24°*7
FOR 16 MM (5/8 IN)
THTK SPEC IMEN

- .

ABRASION HESESTANCE AS
BRINELL HARDNESS

12% - 170

135 - 170

125 - 170

REQITREN WELLING AND
FABRICATION TECHNIQIES

RELATIVE (OGST FACTNOR
i Baned on ABN Grade R)

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

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

Moderate preheat for
welding. Low-hyArogen
practlce. Marmat Formlng
and cutting practice.

1,11

125
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TABLE B-3.3 {Continued}

PROPERTIES OF STEELS USED FOR ICE-STRENGTHENED SHIPS

STEEL TYPE & GRADE

ABS
HTS Gr. AHI6

Llnyd's Reglater
HTS Gr. AHMS

Lloyd's Reglster
HTS Gr. AHI6

PROCESS OF MANUFACTU

RE

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

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

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

DEOXEIDATION

Semi-killed or killed

Semi-kilied or ailicon-
killaed

Semi-killed or silicon-
Xilled

HEAT TREATMENT

Hormd.above 35 MM(1.38 IN}
Normd.above 12.5MM(1/21IN)*%

Normd.above 33 MM[1.38 IN}¥

Normd.above 35 MM(1.,38 IN}9

CHEMICAL COMPOSITION
{Ladle Rnalysis - %)

Carhon (max.)
Manganeae
Phosphorus (max.)
Sulphur [max.)
Silicon

Chy omium
Nickel

Mol yhdenum
Copper
Titanium
vanadium
Aluminum
Mhers

Neteg:

0.8

0.90 = L.60%**
0.04
0.04

a.10 - 0.%0
0. 2% max.
0. 40 max.
0.08 max.
0.35 max.

0.10 max.
0.05 max. Ch

*1f aluminum treated.

“*[f columbium or vanadium
practice used.

“4*12,5 MM [1/2 TN} and
under may have min.
manganese of 0,70%,

0.18
070 - 1.60
0.04
0.04
01.05 max.
0. 20 mad.
0. 40 max.
0.8 max.
0.35 max.

0.03 - 0,10
0.015 min,
9.015 - ¢.05 Nb

*Above 12.5 WM (1/2 IN),
4F nickbium or aluminum
+ nioblum practice is
uveed,

0.8
070 - 1.60

0.04

0.04
0.05 max,
0.20 max.
0.40 max.
0.080 max.
0.35 max,

Q.03 - 0-10
f.015 min.
0.015 - 0.05 Nb

*pbove 12.5 MM (1/2 IN),
i1f nioblum or aluminum
+ nigbium practice La
used.

TENSILE REQULREMENTS
Ultimate KG/MMZ (KST

Elongation {(min.) %

1 —

?

Yield (win.)KG/MM? (KSL)

in

5.65 {A'MM [IN) or as
noted |A=area of spe.)

50 - 61 {71 - 90)
36 {51)

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

62 (88)
14 148}
22

50 - 63 (71 - 93}
36 (51}
21

TEST
Temperature *C
Energy, KG-M {FT-LB)

CHARPY V-NOTCH I[MPACT

Hone requlred

Recruleed for thicknesses

above 12.5 MM {1/2 IN} only
0

3.47 {25) Longitudlnal

Required for thicknesses
above 12.5 MM {1/2 TN} only
a

3.47 (25) Longitudinal

KT TEMPERATURE *C

=12 to -7

NDYNAMIC TEAR ENERGY

FUR 16 MM (5/8 [N}
THLCK SPECTMEN

-

1IN XG-M [FT-LB} AT 24°C

ARRRASION RESESTANCE
ARINELL HARDNESS

AS

140 - 1R

177

140 -~ 1A1

RENIRED WELNING AND
FABHICATION TECHNION

HELATIVE ("OST FACTOR
fHane1 on ABS frade

S

Al

Moderate prehaat for
welding. Tow-hydrogen
practice, MNormal formlng
and eutting practlce.

Menlerate preheat for
welding. Lew-hydrogen
practice. Normal forming
& cutting practice,

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

1.17
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TABLE B-3

-3 (Continued)

PROPERTIES OF STEELS USED FOR ICE-STRENGTHENED SHIPS

STEEL TYPE & GRADE

Morake vVeritas
HTS Gr. NVA 36

Norske Veritas
HTS Gr. NVALOY

Pureai Verlitas _1
WTE Gr. A6

PROCESS OF MANUFACTURE

Open-hearth, basic-oxyyen,
or electric-furnace
proceas

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

Open-hearth, baslc-oxygen,
electric-furnace, oxr any
equivalent appraoved by
the society

DEOXIDATION

Fully killed

Fukly %illed

Unrimmed ateel, killed
above 12.5 MM L1/2 IN)

HEAT TREATMENT

Not required

Normd.abave 12.5 MM(1/2 INY|

Not required*

CHEMI{AL COMPOSITION
{Ladle Analysis - %)

Carbon (max,}
Manganese
Phagphorus {max.)
Sulphur (max.)
Silicon
Chromium
Nickel

Mol ybdenum
Copper
Titanium
Yanadium
AlumLpum
Dthers

Rotes: -

0.10 - 0.5%0
3,20 max.
0.40 max.
1.08 max.
3,35 max.

0.1¢ max.
.08 max.
0.05 max. Wb

*0.70 min. may be used for
12.5 MM {1/2 IK) and lesn.

0.18

0.9 - 1.6*
0,04
o.nq

0.10 - 0.50
0.20 max.
0.4 max.
0.08 max,
V.35 max.

0,10 max.
0.08 max.
.05 max. Mo

*0.7% min, way be used for
12,5 MM (1/2 1N) and less.]

9.8

0.70 = 1.60%
0.04
0.04
0.50 max.**+
020 max.
0.40 max.
0.0F max,
0.35 max.

0.0 max.
006 max.
N.05 max. Nb

*Hot tequired if aluminpum
©r vanalium treatad.

*40.90-1,60 above 12.5 MM
(172 IN).

*4EN.1D-0,50 ahove 12.5 MM
1172 IN).

TENEILE REQUIREMENTS
Ultimste ¥G/MMZ (KSI)
tield [win.)KG/MM2 (K5I
Elongation (min.} & in
5.65 YK MM (IM} or ae
noted (A=area of spe.)

S0 - 83 (71 ~ 90)
36 (51)
2

54 - &6 (77 - 9q9)
40 (57)
20

50 - 63 (71 - 90)
36 {51
20

CHARPY V-HOTCH IMPACT
TEST

Temperatare *C
Energy, XG-M (FT=-LR)

]
3.47 (25) Longitudinal
2.45 (18) Transveres

1]
4.0 (29) Longltudinal
2,65 {19) Tranaverse

NDT TEMPERATURE *C

OYHAMEC TEAR ¥MERGY

IN XG-M (FT=LB} AT 24%C
FOR 16 MM {53/8 IN)
THICK SPECIMEN

ABRASION RESISTAMCE AS
BRINEL!, HARDNESS

140 - 1B

153 - 190

140 - 181

REQUIRED WELRING AND
FARRICATION TECHNIQIES

Maderate praheat for
welding. Low-hydrogen
practice. Normal forming
& cutting practice.

Moderate preheat for
welding. Low-hydrogen
practice. Normal Fforming
& cytting practice.

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

T ATIVE COST FAICTOR

ll[lﬂsnd nn ABS Grade Al

1.17

127



TABLE B-3.3 (Continued}

PROPERTIES OF STEELS USED FOR ICE-STRENGTHENED SHIPS

STEEL TYPE & GRADE

—

HEK
HTS Gr. KAlG

German. Lloyd
HTS Gr. A36

ARS
MS Gr. D

PROCESS OF MANUFACTURE

Open-hearth, baslc-oxygen,
electric-furnace process.
ar other approved by the

Open-hearth, baslc-oxygen,
#lpct-ic-furnace, ot any
equivalent approved by the

Open-hearth, basic-oxygen,
alectric-furnace, vacuum-
arc remelt, or electro-

L -

12.50 MM (1/2 IN).

society soclety slag remelt process
OEOXTDATION Killed Killea tully killed, Fine graln
practice
HEAT TREATMENT Normalized Normalired Y Normd.above 35 MM [1.38 IN)I
CHEMICAL COMPOSITION The carbon content + 1/6&
{Ladle Analysls - %) of the manganesa content
1s not to exceed D.40%.
1f this condition is
gariafied, manganese may
be up to 1.65%.
Carbon (max.) 0.18 0.18 0.2%
Manganeas 0,90 - 1.60 0.90 - 1.80* 0.70 - 1.35*%
phosphorus [(max.) .04 0.04 0.94
Sulphur {max.) 0.04 0.04 0.04
silicon 0.10 - 0.50 0,10 - 0.50 B0 - 0,35
Chromiom 0,20 max. 0,20 max.
Hickel 0. 40 max. N1.40 max.
Mol ybdenum 0.08 max. 0.08 max.
Copper 0.35 max, 0,35 max.
Titanium
Vanadium 0. 10 max. 0. 10 max.
Al Uit i nam 0.01% min. 0.07 max.
Ot hers 0.05 max. Nb 0,05 max. Nb
Hotes: *Mipimum is 0.70 below .60 min. for 25 MM {1 IN)

thickness and under,

TENSILE REQUIREMENTS
Ultimate KG/MMZ {KSI)

yleld (min,}uG/M4? (KSI)

50 - &3 (71 - 30)

50 - 63 (71 - 90)

41 - 50 (58 - T)

Enerqy, KG-M {FT-LB}

3.5 {25) Longltudinal
2.5 (1B} Tranaverse

3.5 (25) Longitudinal
2,4 (17) Trangverse

36 (S51) 36 {51) 24 (34)
Elongation [(min.} % in 21 2t 21 in 200 MM (B IH) or
5.65 1A MM (IN) or as 24 in SO MM {2 1IN}
noted (A=area of spe.)
CHARPY V-NOTCH IMPACT
TEST
Temperature *C /] Q =10

2.8 (20) Longitudinal
2.0 {14) Trangverse

NOT TEMPERATURE *C

~15 aver.

DYNAMIC TEAR ENERGY

I[N KG-M {FT-LB) AT 24°C
FOR 16 MM (5/8 1N)
THICK SPECIMEN

1 _—

ABRASION RESISTANCE AS
BRINELL HARDNESS

140 - 18

140 - 181

110 - %40

RECKIIRED WELRING AND
FARRICATION TECHHIQUES

Moderate preheat for
welding. Low-hydrogen
ptactice. Normal forming
s cuttlng practice,

HELATIVE OST FAUTOR
(Based on ARY Grade Al

Moderate preheat for
welding, Low-hydragen
practice. Mormal farming
& cutting practice.

Conventinnal welding
methoda. HNo preheatring.
Normal farming and cutting
prartice.

1.17
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TABLE B-3.3 {Continued)

PROPERTIES OF STEELS USED FOR ICE-STRENGTHENED SHIPS

STEEL TYPE & GRADE

ABS

o oo
Mg Cr. 08

re

Lloyd's Reglster

RS Gie O

O

Horske Veritasg

FS Gra. oWis

PROCESS OF MANUFACTURE

Open-hearth, haaic-oxygen,
electric-Ffurnace, vacuum-
arc remelt, or elactro=-
slag remelt process

Open~hearth, slectric-
furnace, or basic-oxyyen
process

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

DEOXIDATION

Fully killed, fine grain
practice

Fully kilted, fine grain
practice

Any method except rimmed
steel

| HEAT TREATMENT

Normalized

Hormalized

Normd.above 25 MM (1 IN}*

CHEMICAL COMPOSTITICN
{Ladla Analysis - %)

rarhos famu

The carbon content + 1/6
of the manganese content
ia not to exceed D.40%,
1f this condition 1s
gatiafied, manganege may
be up to 1.65%.

The sum of carhon content
plua 1/6 of the marganese
content ashall not exceed

0.40%.

Carbon plus 1/6 of the
manganess content ia not
to exceed 0.40%

c
Temperaty [
(

Energy, KG-M

Tarhon {max.) [P Y .21 0.23
Manganese .0 -~ 1,35 Q.70 =~ 1,40F Q.60
Phosphorus (max.} 0.04 0.04 0.n4
Sulphur {max.) 0.04 0. 04 0.04
Siltenn Q.10 - 0.35 9,10 - 0,50 max, 0.1% max.
Chromium
Rickel
Ml ybdenum
Copper
Titanlum
Vanadium
Al inum 0.015 min.
others
Kotea: *For 25.% MM (1 IN) or *With fine grain practice,
. less, min,. manganeae may normalizing ia only
be O.83. required far thicknessess
above 315 MM (1.3A IN).
TENSTLE REQUIREMENTS
Ultimste K/ (KSI) 41 - 5¢ (58 - TN 41 - 50 (58 - M) 41 - S0 {58 - 71)
¥ield (min.)XG/MM2 (KSL) 24 {34) 24 {34} 24 (34)
Elongation (min.) % in 21 1n 200 MM (8 IN) or 22
5.65 ;A MM {IN) or as 24 in 50 MM (2 IN) 22
hoted (A=area of ape.)
CHARPY V-ROTCH IMPACT None requilred
TEST
Tamnraraturs * n “IO

4.8 (35) Longltudinal

2.75 {20) Longitudinal
2.0 (14) Transverse

RIXT TEMPERATURE °C

=57 te -%1

DYNAMIC TEAR ENERGY

IN XG-M |FT-LB} AT 24%C
FOR 16 MM {5/8 IN)
THICK SPECIMEN

| _ -

38 (793

%4,

ABRASION RESISTANCE AS
BRINELI, HARDNESS

110 - 140

1o - 149

110 -~ 146

KELATLIVE COST PACTOR
ihased on ARS Grade A)

onventional weiding

ek
et ticds.

%o prehsating.
Rormal forming and cuttlng
practice.

Conventional welding
methods. o preheating.
Normal forming and cuttlng
practice,

Conventional welding
methods. Ao grebeating.
Normal forming and cutting
practice.

.0

1.3
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TABLE B-3.3 (Continued)

PROPERTIES OF STEELS USED FOR ICE-STRENMGTHENED SHIPS

STEEL TYPE & GRADE

Bureau Veritas
MS Gr. D

MNEX
M5 Gr. KD

German. Llayd
MS Gr. D

PROCESS OF MANUFACTURE

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

-} equivalent approved by the

sochety

Open-hearth, hagic-oxygen,
electric-furnace

process, or other approved
by the society

Open-hearth, baslc-oxygen,
electr ic-furnace

proceas, ot other approved
by the society

DENKIDATION

Rimmed steel not be used

Semi-killed or killed¥

Any method, except rimmed
steelt

HEAT TREATMENT

Hot required

Normd above 25 MM {1 IN}

Normd ahove 25.5 MM (1 IN)

CHEMICAL COMPOSITION
{Ladle Analysla - %)

Carbon {max.)
Manganeae
Phogphorus (max,}
Sulphur (max.)
Sitlcon
Cheomium
Nickel

Mo lyhdenum
Copper
Titanlum
Vanadium
Aluminum
Others

Notesg:

9,21
0.60 - 1.40
n.as
0.05
0.35 max.

0.21
0.60 min.
0.04
n.04
0.15 max.

*Semi-killed is accepted
for thickneas uap to 25
MM (1 1N} inclusive,

n.21
0.790 -~ 1.40
0,04
0,04
0.10 - 035

0,02 min.

*Aluminum treated and fine
grain practice abave
25,5 MM {1 1N},

TENSILE REQUIREMENTS
Ultimate KG/MaZ (XST)
Yield (min.IRG/MMZ (XS

41 - 50 (58 - 71}

41 - 50 (58 - T1)

41 - 50 (58 -~ 71)

Tnergy, KG-M (FT-LB)

4.8 (35) Longitudinal

2.8 {20} Longttudinal
2,1 (15} Tranaverse

24 (34) 24 {34} 24 (34)
Elongation (min.} % in 22 22 22
5.65 7K' MM (IN) or as
noted (A=area of gpe.)
CHARPY ¥-NOTCH IMPACT
TEST
Temperature *C a =10 - 20

2.8 (20) Longitudinal

NDT TEMPERATURE °C

DYNAMIC TEAR ENERGY

IN KG-M (PT-LB} AT 24°C
FOR 16 MM [5/8 TN}
THICK SPECIMEN

ABRASION RESISTANCE AS
BRINELL HARIHESS

110 - 140

110 - 140

110 - 140

REQUIT RED WELDING AND
FABRICATION TECHNIQUES

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

Conventional welding
methods. HNo praheating.
Normal forming and cutting
practice.

Conventional welding
wethoda, No preheating.
Hormal forming and cutting
practice.

RETATIVE ST FACTAOR
{Haged on ARS Grade A)

.1
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TABLF B-3.3 (Continued)

PROPERTIES OF STEELS USED FOR ICE-STRENGTHENED SHIPS

STEEI, TYPE & GRADE

ARS
MS Gx. E

Lloyd's Reyister
M5 Grs E

Norake Veritas
M5 Gr. NVE

PRDCESS OF MANUFACTURE

Open-hearth, basic-axygen,
electric-furnace, vacuum-
arc remelt, or electro-
slag remelt process

Open-hearth, electric-
furnace, or baslc-oxyyen
proceasa

Open~hearth, hasic-oxygen,
or electric-furpnace procesd

DEOXINATION

Fully killed, fine grain
practice

Fully killed, fine grain
practice

Fully killed, fine grain
practice

| HEAT TREATHENT

Normalized

Hormalized

Normallzed

CHEMICAL COMPOSITION
{Ladle Apalysis - %)

Catbon (max.)
Manganene
Phasphorus [max.)
Sulphuc {max.)
Silieon
Chyomium
Nickel

Me: ] ybdenum
Copper
Titanium
Vanadium
Aluminum
ithera

Neatesy

F—

The carbon content + 1/6
of the manganese content
is not to exceed D.40%,
If thla condition s
satisfied, manganese may
be up to 1.65%.

.18

0.70 - 1,35
0.04
0.04

n.10 - 0.35

The sum of carbon content
plua 1/6 of the manganese
content shall pot exceed
0.40%.

0.18
0.70 - 1,50
0.04
0.04
0.10 - 0.50

0.01% min.

Carbon plua 176 of the
manganege content is not
tn excead 0.40wm.

7.8
n,
.04
0.04
0.10 - 0.35

7.015 min,

TENSILE REQULREMENTS
Ultimate XG/MMZ (KSI)
tield [min. ) RG/MHZ (k51
Elongation {min,) % in
5.65 {ATMM (IN) or aa
noted (A=area of aspe.)

41 - 50 (58 - 1)
24 (¥4)
21 1a 290 MM (B IN) or
24 in 50 MM (2 IN)

41 - 50 {58 - 1)
24 {14)
22

41 - S0 (58 - 71)
24 (34)
22

CHARPY V-NOTCH TMPACT
TEST

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

-40
2.8 (20) Longitudinal
2.0 (14) Transverse

-40
2.75 (20) Longitudinal

~40
2.75 (20) Longitudinal
2.0 (¥4) Transverse

NOT TEMPERATURE *C

-48 to -46

DYNAMI:T TEAR ENERGY

IN XG-M (FT-L.B) AT 24°C
FOR 16 MM [5/8 1IN}
THICK SPECIMEN

ABRASINN RESISTANCE AS
BRIKELL HARDNESS

110 -~ 140

110 - 140

110 - 140

REQUIREL WELDING AND
FARRICATION TECHNIQUES

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

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

Conventiconal weldlng
methods. Mo preheating,
Normal forming and cutting
practice.

RELATIVE COST FACTOR
Haged on ARS Gy ade A)
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TABLE B-3.3 {Continyed)

PROPERTIES OF STEELS USED FOR ICE-STRENGTHENED SHIPS

STEEL TYPE & GRADE

Bureay Veritas
MS Gr, E

NEK
M5 Gr. KE

German. Llayd
MS Gr. E

PROCESS OF MANUFACTURE

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

Open-hearth, basic-oxygen,
#lectric-furnace

process, or other approved
by the soclety

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

DEOXIDATION

Fully killed, fine grain

Killed*

Aluminum treated, fine
gqrain practice

HEAT TREATMENT

Normalized

Hormalized

Hormalized

CHEMICAL COMPOSITION
({Ladle Analysis - %)

Carbon {(max.}
Manyanese
Phasphorus {mak.)
Sulphur (max.}
Silicon
Chromiam
Nickel
#olybdenum
Copper
Titanium
vanadlum

Al uminum
fthers

Hriten:

0.18

9.7 - 1,50
0.0%
0.05

6.10 - 0,35

0.015 ~ 0.06

0.8
0,70 min,
0.04
0.04

¢.10 - D.35%

0.015 min.

*Aluminum treatment ls to
e used ag a fine grain
pracrice.

0.18
n.,10 - 1.50
0.04
0.04
0.10 - 0.35

6.02 min.

TENSILE REQUIREMENTS
Ulrimare kG/MMZ (XST)

4t - 50 (58 - 71}

4t - 50 (38 - 71)

41 ~ 50 (58 - T}

Energy, KG-M {FT-LB)

2.8 (20} Longitudinal

2.8 (20) Longltudinal
2.1 (15) Trangverse

Yield (min.)RG/MM2 (xS 24 (34) 24 (34) 24 (34)
Elongation [(min.] % in 22 22 22
5.65 1A' MM (IN} or as

noted (A=area of spe.)

CHARPY V-NOTCH IMPACT

TEST

Temperature *C -40 -40 -40

2.8 (2n) Longitudinal

NDT TEMPERATURE *C

NYHAMIC TEAR ENERGY

IN KG-M {FT-LE) AT 24°C
FOR 16 MM (9/8 IN)
THICK SPECTMEN

- —

ABRASION RESI1STANCE AS
BRINELL HARDNESS

180 - 140

10 - 40

110 - 140

RE(QU] REYY WELNTNG AND
FARRICATION TECHN[QUES

Canventional welding
methods, Wo preheating.
Normal forming and cutting
practice.

Conventional welding
methnde., WNo preheating.
fHormal Forming and cutting
practice.

Conventional welding
methoda. No preheating.
Hormat forming and cutting
practice.

HELATIVE 08T FACTOR
i Haged on ARG Grade A

1.36
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TABLE B-3.3 (Continued)

PROPERTIES OF STEELS USED FOR ICE-STRENGTHENED SHIFS

STEEL TYPE & GRADE

ABS
BTS Gr. DHI2

ABS
HPE Gr. DH3&

Lloyd's Reqiater
HTS Gr. DH27S

PROCESS OF MANUFACTURE

Open~hearth, basic-orygen,
or electric-furnace
procesa

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

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

DEOXIDATION

¥illed, fine grain practice

Xilled, fine grain practice

Semi-killed or allicon-
killed

HEAT TREATMENT

Normd.above 25,5 MM{1 IN}®
Hormd.above 12.5HM{1/2IN}*%

Hormd.above 25.5 MM{1 IN)*
Normd,above 12.5MM{1/2IN)*4

Normd.above 25.5 MM (1 IN)Y

CHEMICAL COMPOSITION
(Ladle Analyals - %}

Carbon (max.)
Manganese
Phaaphorus {max.}
Sulphur (max.)
Silicon
Chromium
Hickel

M1 yhdenum
Copper
Titanium
vanadium
Aluminum
Others

NHotes:

a, tA

0.90 - 1.60
0,04
0.04

0.1t0 - D.50
0.25 max.
0,40 max.
0.0A max.
9,35 max,

0.10 max.
0.05 max. Cb
*1f aluminum treated,

t¢1f columblum cr vanadium
practice la used.

o.1R
0.90 - 1.80
0,04
0,04
.10 - 0,50
0,25 max.
0,40 max.
0.08 max.
9,35 max.

0.10 max.
0.05 max. Cb
*IF aluminum treated.

**If columbium or vanadium
practice 1s wsed,

0,015 max.
0.20 max.
0.40 max.
0.08 max.
0,35 max,

0,03 - 0.10
0.015 min,
015 - 0,05 Wb

*Above 12.5 MM (1/2 TN),
1f niobium or aluminum
+ njohijum practlce itz used .|

TENSILE REQUIREMENTS

Ultimake KG/MMZ (XSI)

48 - 60 (68 - 85}

S0 - 63 (71 - 90)

41 - 52 {58 - 74}

Yield (min.}KG/MMZ (KSI) 32 (45.5) 36 (51} 27 (38.5})
Elongation (min.) % in 19 in 200 MM (B IN) or 19 in 200 MM {8 IN) or 22

5.65 )Tl‘ﬂ (IN} or as 22 in 50 MM (2 IN) 22 in S50 MM (2 IN)

noted {A=area of spe.)

CHARPY V-NOTCH IMPACT

TEST

Temperature *C -20 -20 =20

Energy, KG=M {FT~LB} 3.5 (25} Longitudinal

2.4 (17} Tranaverse

3.5 125) Longitudinal
2.4 {17) Tranaverse

2,75 {20) Longitudinal

NDT TEMPERATURE *C -62 to -40 62 to -40

DYNMMIC TEAR ENERGY

1IN KG-M (FT-LB)} AT 24°C
FOR 16 MM [5/8 IN}
THICK SPECIMER

ABRASION RESISTANCE AS
BRINELL HARDNESS 135 - 170 140 - tat 10 - 147

Moderats prebeat for Hoderate preheat for Moderate preheat for
REQULRED WELNING AND welding, Low-hydroyen welding. Low-hydrogen welding. low-hydrogen
FABRICATION TECHNIQIES practice. MNormal formlng practice. Normal forming practice. Normal forming
& cutting practice.

E rutting practlce. & cutting practice.

e e e - —— o e m e ]

RELATIVE COST FACTOR 1,38 1.18 [PRT:1
{Rased on ARS frade A)
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TABLE L-3.3 {Continued}

PROPERTIES OF STEELS USED FOR ICE-STRENGTHENED SHIPS

STEEL TYPE & GRADE

Lloyd*s Register
HTS G, D

Lloyd's Reglster

ame oo
HTS Gi. DH34S

Lloyd's Register
TS Gr: DH3G

PROCESS OF MANUFACTURE

Open-hearth, slectric-
furnace, or basic-nxygen
process

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

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

DEOXIDATION

Semi-killed or si!kcon~
killed

Semi-killed or silicon-
killed

Seml-killed or allicon-
killed

b
MEAT TREATMERT

Normd.above 25.5 MM (1 IN}™

Notad.above 35.5 WM {1 INJ® Bormd.above 25.5 Ma (1 IN}H

CHEMICAL MOMPOSITION
(Ladle Analysis - %)

Carbon {max.}
Manganess
Phosphorus (max, )
sulphur (max.)
Silicon
Chromium
Nirkel

Mol ybdenuam
Coppar
Titanium
vanadium
Alnminum
mhers

Nriteu;

0.N% max.,
0.20 max.
0.40 max.
0.08 max.
N.315 max.

0.03 - 0,10
0.015 min,
0.015 - 0.9% Nh

“ahnve 12.5 MM (1/2 1IN},
if niohium or aluminsum
+ nlohjum practice la
ULCLN

0. 18

0.90 -~ 1.68
D.N4
0.n4
0,05 max.
0. 20 max.
0,40 max.
0,08 max.
0.35 max.

0.03 - 0.10
0.01% min.
0.015 - 0.05 Nb

s phove 12.5 MM {172 IN),
if niohjum or aluminum

+ nlohlum practice s
uned,

0.18
N.90 - 1.60
0.04
0.04
0,05 max.
0.20 max.
0.40 max.
0.NA max .
0.35% max.

1n.ay - 0.1
0,015 mlin.
0.01% - 0,05 Nb

*ahove 12,5 MM {1/2 IN),
if nioblum nr alumimm

+ ninbium prarctice is
uned.

TENSILE REQUTREMENTS
Ultimate KG/MMI (KS1)

Energy, KG-M (FT-LB}

3.16 {23) Longitudinal

3.47 (25} Longitudinal

45 - 60 (64 - B5} 62 {BR) 50 - 63 {11 - 90)

Tield {mln.}KG/Iﬂz (KST) 32 145.5}) 34 (4B) 36 (51)
Elongation {(min.) % in 22 22 2i

5,65 7R MM ([N} or as

noted (A=area of ape.)
CHARPY V-NOTCH IMPACT
TEST
Temperature *C =20 -20

NOT TEMPERATURE *C

DYNAMEC TEAR ENERGY

1N KG-M | FT-LR] AT 24°C
FOR 16 MM (5/8 IN}
THICK SPECIMEN

ABRASION RESISTANCE AS
BRINELL HARDNESS

t25 - 170

AFa

1a0 - 181

REQULRED WELNING AND
FABRICATION TECHNIQUES

Moderate preheat for
welding. Low<hydrogen
practice., Hormal formimRg
& cutting practice.

Moderate preheat for
welding., Low-hydrogen
practice. WHormal forming

& cutting practice.

Moderate meheat for
welding. Low-hydrogen
practice. Wormal forming

& cutting practice.

RELATIVE COST FACTOR
[Hased an AHY Grade M)

[
Al
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TABLE B-3.3 (Continued)

PROPERTIES OF STEELS USED FOR ICE-STRENGTHENED SHIPS

STEEL TYPE & GRADE

Norake Veritas
HTS Gr. NVD2}E

Norske Veritas
HTS Gr. NVDIZ

Norske Veritae
HTS Gr. NVD36

PROCESS OF MANUFACTURE

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

open-hearth, basic~oxyyen,
or electric-furnace
process

Open-hearth, basic-oxygen ,

ur electric-furnace prnceli

-
HEAT TREATMENT

DEAXINATION

Semi-killed or fully
killad#

Fully killed

Fully killed

Normd.above 25.5 MM{1 IN}*

Hormd.above 19 MM{3/4 IN}*

Wormd.above 19 MM{3/4 IN)*

HEM I
Ladil

-

CAL COMPOSITION
e Analysis - W)

catbon (max.)
Man
Phosphorus {max.)
Sulphur (max.)
Silicon

Thromium

Nlckel

Hol ybdenum

Copper

Tit
vanadium
Alumi aum
Others

Notes:

a

« 30 min.
&
4

U420 max.
.40 max.
0.08 max.
0435 max.

0. 10 max.
Q.08 max,
0.05 max. N

*For 25.5 MM (1 IN} and
ahove to he killet and

fine grain treated,
erabhovs 12 S M 1172

ey 12,5 8 (1721
if nloblum practice is
nsed,

1
M,

0,18

0.9 - 1.6
0.04
0.04

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

0.10 max.
0.08 max.
0,05 max. Nb

*Above 12,5 MM (1/2 IN],
if niobium practice is
used.

a.18

#.9 - 1.6
f.04
0.04

f.10 - 0.50
0.20 max.
0.40 max.
0.08 max.
0.35 max.

0. 10 max,
0.0R max.
, 0.05 max. No
*Above 12.5 MM (1/2 N),
if niobium practice ie
used.,

TENSILE REQUIREMENTS
Ultimate KG/MMZ (KS1)
Tield (min.)KG/MMZ (KB1}
Elnngation {min.} % in
5.65 {A MM (IN) or as
noted {A=area of spe.)

41 - 52 (58 - T4)
27 138.5)
2z

45 - 60 (64 - RS}
312 (45.5)

22

50 - 63 (71 - 30)
36 (%)

21

CHARPY V-NOTCH IMPACT
TEST

Temperature *C
Energy, XG-M {FT-LB)

~20
2.75 (20) Longitudinal
2,0 {14) Tranaversse

=20
3.16 {2}) Longitudinal
2:24 |16} Tranmverse

-20
) Longitudi

3
B) Transverse

NODT TEMPERATURE *C

DYNAMIC TEAR ENERGY

IN %G-M [(FT=LB) AT 24°C
FOR 16 MM {5/8 IN}
THICK SPECIMEN

ABRASION RESISTANCE AS
BRINELL. HARIMESS

110 -~ 147

125 - 10

140 - 181

REQUIRED WELDTHG AND
FABRICATION TECHNIQUES

Moderate preheat for
welding. [low-hydrogen
practice, Normal farming
& cuttlng practice,

Modarate preheat for
welding. Llow-hydrogen
practice, Normal forming
& cutting practice,

Moderate prehaat for
welding. iow-hydrogen
practicea. HNormal forming
& cutting practirce.

FELATIVE COST FACTOR
[Hased an ARS Grade A)

—
)
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TABLE B-3

.3{Continued)

PROPERTIES OF STEELS USED FOR ICE-STRENGTHENED EHIPS

STEEL TYPE & GRADE

-

Norske Verltas
HTS Gr. NVD4DS

Bureau Veritas
HTS Gr. DHI2

Bureau Veritas
HTS Gr. DH3I6

PROCESS OF MANUFACTURE

Open-hearth, baslc-oxyyen,
or electric-furnace process

Open-hearth, baslc-oxygen,
electric-furnace, or any
equivalent approved by
the mociety

Open-hearth, haslc-oxygen,
electric-furnace, or any
equivalent approved by
the soclety

-

*Not required, if
properties can be met as
apeclfied.

DEOXNIDATION Fully killed Killed, fine grain Xilled, fine grain

HEAT TREATMENT Hormaljized Normalized® Normalized*

CHEMICAL COMPOSITION

(Ladle Rnalyais - %)
Carbon {max.) 0.18 018 a.19
Manganese 0.9 - 1.6 0.90 - 1.60 0.90 - 1.60
Fhoaphorus {max.) 0.04 0.04 0.04
Sulphur (max.} q.04 0.04 0.04
Silicon 0.10 - 0.50 0.10 ~ 0.50 0.10 - 0.50
Chromium 0.20 max. 0.20 max. 0.20 max.
Nickel 0.40 max. 0.4 max. 0.40 max.
Mol ybdenum 0,08 max., 0,08 max. 0.00 max.
Coppar 0.35 max. D.3% max, 0.25 max.
Tiranium
Vanadiam Q.10 max. 010 max., 0,95 - 0.0
Aluminum Q.08 max. 0,015 - n,06 0,015 - 0.0k
Othera 0.05 max. Nb 0,05 max. Mb 0.02 - 0.0% Nb
Notes:

*Not requited, if
properties can he met asg
apecified.

TENSILE RECRIIREMENTS
Ultimate XG/MMZ (KS1)
Yield {min.)1KG/MMZ (KS1)

54 - 66 {77 - 94)

4% - 60 (K& - 8B5)

50 - 63 (71 - 90)

Energy, KG-M (FT-LB)

4.0 (29) Longitudinal
2.65 (19} Transverge

3.16 (23) Longitudinal

40 (57} 32 (4%.95) 36 (51)
Llongation (min.) % in 20 2n 20
5.65 [A MM (I} or as
nated [(A=area of spe.)
CHARPY V-NOTCH IMPACT
TEST
Temperatore *C =20 =20 =20

3.5 {25) Longitudinal

NOT TEMPERATURE *C

DYNAMIC TEAR ENERGY

IN ®i-M (FT-LA) AT 24*C
'FOR 16 MM (5/8 IN)
THICK SPEC LMEN

ARRASTION RESISTANCE AS
BKINELL HARDNESS

153 - 190

125 - 70

140 - 191

RECQUIRED WELDING ARD
FARBRICATION TECHNIQHES

RELATIVE (5T FACTOW
i Baaed on ARG fGrade A)

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

Moderate preheat for
welding. Lowshydrogen
practice. MNormal forming
& cutting practice.

Moderate preheat for
welding. Low-hydrogen
practice. Normal forming
& cutting practlice.
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TABLE B-3.3 (Continued)

PROPERTIES OF STEELS USED FOR_I1CE-STRENGTHENED SHIPS

STEEL TYPE & GRADE

NEK
HTS Gr. KD32

HKX
HTS Gr. XD3%

German. Lloyd
HTS Gr. D32

PROCESS OF MANUFACTURE

Open-hearth, basic-oxygen,
electric-Ffurnace
pracess, or other approved

Open-hearth, haslc-oxyqen,
electtic-furnace
pracess, or other approved

Open~hearth, basic-oxygen,
electric-furrace process,
or other approved by the

Nestan:

by the society by the soclety fsociety 1

CEOXTDATLON Killed Killed Xilled

HEAT TREATMENT Normalized Normatized Normal i zed

CHEMICAL C(MPOSITION

(Ladle Analysis - %)
Carbon (max.) 0.18 .18 a.1e
Manganese 0.90 - 1.80 0,30 - 1.60 0.90 - 1.60
Phoaphotus [(max.) 0.04 0.04 0.04
Sulphur {max.) 0.74 0.94 n.n4g
Sillcon 0.1¢ - 0.50 G. 10 - 0.50 G. 10 - 0,50
Chromium 0.20 max. 0. 20 max, 0,20 max.
Nirkel 0.40 max. .40 max. N.40 max.
M1 ybrlenum 0.08 max. 0.08 max. Q.08 max.
Copper M.35 max. 0.35 max, 0.5 max.
Titanium
vanatium 0.05 - G.10 0.02 - g.n7
Aluminim 0.015 min. 0.0t5 min,
Mhers 0.02 - .05 Wb

|

TENSILE REQUIREMENTS

Ultimate KG/MMZ (KSI)

48 - 60 (68 - 8%)

50 - &) {Tt - 90)

4R - &0 [AR - 85)

L

Yield (min.rkG/M42 (KsT) 32 {45.5) 36 i54) 3z (45.5)
Elongatlon (min.) & in 22 21 22
5.65 \X MM (IN) or as

noted (A=area of spe.)

CHARPY V-NOTCH IMPACT

TEST

Temperaturs *C =20 =20 =20

Enetrgy, KG~-M {FT-LB)

1.2 (23} Longitudinal
2.3 (17} Transversas

% (25} Longltudinal
5 {1d) Transverge

3.2 {23) Longltudinal
2.2 (16) Transverse

NDT TEMPERATURE *C

YNAMIC TEAR ENERGY

IN KG-M (FT-LB} AT 24°C
FOR th MM {578 IN)
THICK SPECIMEN

ABRASION RESISTANCE AS
BRINELL HARDNESS

115 - 170

40 - 181

135 - 170

REQUIHED WELDING AND
FRARICATION TECHNIWRIES

RELATIVE ST FAUTOR
fHaasd Hn RHE Grade A)

Moderate preheat far
welding. [ow-hydrogen
practice. HNormal Eneming
K cutting practice.

Moderate preheat for
welding. TLow-hydrogan
practice. HNormal Fforming
& cutting practice.

—
)
~J

Moderate preheat for
welding. Inw-hydrogen
practicre. Normal Forming
& cukting practice.




TABLE B-3.3 (Continued)

PROPERTIES OF STEELS USED FOR_ICE~STRENGTHENED SH1PS

STEEL TYPE & GRADE

German. Lloyd
HTS GR. D16

ASTM-AS]17
Class 1

ASTH-AG3]
Gr. D

PROCESS OF MANUFACTURE

Open-hearth, hasic-axygen,
electric~furnace, or any
equivalent approved by the

Open-~hearth, baslc-oxygen,
or etectric-furnace

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

pProcess proceasa
society

DEOX1DATIDN Killed Fine grain practice Fine grailn practice

| HEAT TREATMENT Normalkized Mormaljized Hormalized

CHEMICAL COMPOSTTION

|Ladle Rnalysis - %]
Carbon {max.) 0.18 0,24 0.24
Manganese 0.90 - 1.60 0.70 - 1.35 0.70 - 1,35
Phosphorus [max.) 0.4 0,015 0.04
Sutphur (max.) N.04 0,040 .05
Siliron 0.10 - 0.50 0.15 - 0.50 0.15 - N.50
Chromlum 0.20 max. 0.25 max. 0.25 max.
Mickel 0-40 max. .25 max, 0.25 max.
M1 yhdenam 0.n8 max. Q.08 max. 0.8 max.
fopper 0.35 max. 0,35 max. 0.35 max,
Titanium
Yanadium n.05 - 0.10
Al uminum n.02 - 0.07
it hers ¢.02 - 0.05 Nb
Mot s

TEMSILE REQKIREMERTS
Ultimate KG/MM2 (KS1)
Yield (min.)KG/MMZ (KS1Y

50 - BY (71 - 90)

4% - B3 (70 - )

4% - 63 (70 - 9D)

Eneryy, KG-M [FT-LB)

3.5 (25) Longitudinal
2.4 (}7) Transverse

2.1 {15} Longltudinal

36 15Y) 1% {50) 35 (50)
Elongation {min.) % in 21 22 23
5.65 (A MM (IN]) or as in 51 MM (2 N} fn 51 MM (2 IN)
noted (A=area of gpe.)
CHARPY V-NOTCH IMPACT
TEST
Temperature *C =20 -64

-40
3.5 (25) Longitudinal
2.8 {20} Transverse

NirT TEMPERATURE *C

S,

BRINELI. HARDNESS

=51 to -18 =31 aver.
[DYNRNIC TEAR ENERGY  t
IN ¥5-M [FT-LB} AT 24°C
FOR 16 MM [5/8 IN)
THICK SPECIMEN
AHRAS[ON RESISTANCE AS 146 - 181 138 - 189 138 - 191

REQITRED WELOGING AND
FABRHICATHOMN TECHHIQUES

FEIATIVE 1'MST FACTOR
(Hased on AHS Grade A)

Moderate preheat for
welding. lLow-hydrogen
practice. Hormal formlng
and cutting practice,

Continlled welding
process. Moderate
preheat ., Low-hydrogen
practlce, MNormal forming
AL cutting practice.

Controlled welding
procens, Moderate
preheat.  Low-hydroyen
practice. Normal forming
& cutting practice.

1.3R8




TABLE - B~-3.3 {Continued)

PROPERTIES OF STEELS YUSED FOR ICE-STRENGTHENED SHIPS

STEEL TYPE & GRADNE

ASTM-A613
Gr. A & B

ABS
HTS Gr. EH12

ABS
HTS Gr. BH)6

PROCESS OF MANUFACTURE

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

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

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

DEQXIDATION

Pine grain practice

Xilled, fine grain practiced

Killed, fine grain practic

*4Gr. A only.

HEAT TREATMENT Normallzad Normalized Hormalized

CHEMICAL {OMPOSITION

(Ladle Analysis - %)
Carbon {max.} a.18 0.18 0.18
Manganeas 1.00 - 1.35% 0.90 - 1.50 0.90 - 1.60
Phosphorus (max.) 0.04 0.04 0.04
sulphur (max.) 0.05 D.n4 a, N4
Siltcon 0.15% - 0.50 0.10 - 0.50 0,16 - 0.50
Chromiam 0.25 max. 0.25 max.
Nickel 0.4t max. 0.40 max .,
#nlybdenum 0.08 max., 0,08 max.
Copper 0.315 max. D0.3% max.
Titaniom
vanadium 0. 10 max .+ 0.10 max. 0,10 max.
Alum!num
thers 0.05 max, Ch** 0,05 max., th G35 max. b
Hotes: *Gr. B only, .

TENSILE REQUIREMENTS
Ultimate KG/MMZ (K5T)
Yield {min.}XG/MmZ (xS
Elongation fmin.) % in
5.65 1K MM [IN) or as
noted (A=area of spe.}

44 - 38 (6) - B3)
30 41y
23

in 51 MM (2 IN}

48 - 60 (6B - B5)
12 [4%.5)

19 in 200 MM (B IN} ar
22 in S50 MM {2 IN)

50 - 83 (71 - 90)
s (51}
19 1n 200 MM (8 IN) or
22 in 50 MM (2 IMN}

CHARPY V-NHOTCH IMPACT
TEST

Temperature %C
Enetgy, XG-H (FT-LB)

-46
3.5 (25} Longlitudinal
2.8 {20) Transvergse

-40
3.5 (25) Longitudinal
2.4 [17) Transverse

-40
3.5 (25) Longitudinal
2.4 (17} Tranaverse

NDT TEMPERATURE =C

+57 aver.

=-51 to -40

=51 to -40

DYKAMIC TEAR ENERGY

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

91 1658)

ABRASION RESISTANCE AS
BRINELL. HARDHESS

121 - 165

135 - 170

140 - W1

REQIIRED WELDING AND
FABRICATI{N TECHHRINIES

Preheat required, 1Ff
amblient temp. helow 16*C,
Low-hydrogen practice.
Normal forming & cutting
practice

Moderate preheat for
weldlng. Low-hydrogen
practice. Harmal forming
& cutting practlce.

Moxderate pweheat for
welding. tow-hydrogen
practice., MNormal forming
& citting practice.

RELATIVE ©NST FACTOIR
tBaged nn ABS Srade A)

1.40

—
W
O



TABLE B8-3.3 (Continued)

PROPERTIES OF STEELS USED FOR ICE-STRENGTHENED SHIPS

STEEL TYPE & GRADE

Lloyd's Reglster
HTS Gr. EH27S

Lloyd's Reglster
HTS Gr. EH32

Llnyd's Register
HTS Gr. EH14S

PROCESS OF MANUFACTURE

Open-hearth, haglc-oxygen,
or elactric-turnace
proceas

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

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

Silicon-killed only

Silicon-killed only

Silicon-killed only

Normalized

Normalized

Normalized

CHEMICAL COMPOSITION
(Ladle Analyais - %)

0.18
06.70 - 1.60
9.04
0.04
0.1
0.20
0. 40
0.08
0.3%

min.
max.
max.
max .
max .

0.031 - 0.10
0.015 min,
0.035 - 0.05 Nb

0.18
.90 - 1.860

0.04

0.04

G.10 min.
0.20
0.40
0.n8
0.35

max.
max .
max .
max .

0.03 - 0.1
0.015 min.
9.015 +~ 0,05 Nb

o.18
0.90 -
.04
0,04
2,10
0.20
0.40
a.08
.35

1.60

min,
max.,
max .,
max .
max .

0,03 - 0,10
0.015 min.
0,015 - D.05

TENSI1LE REQUIREMENTS
Ultimate KG/MMZ
Yield (min,)KG/MMZ (KST)
Elnngation (min.]
5.65 YA MM (IR} or as
noted {(A=area aof ape.)

41 - 52 158 - 14)
27 (38.5)

22

45 - 60 (64
32 (45.5)
22

- A5)

62 (AR)
14 {48)
22

CHARPY V~NOTCH IMPACT

Energy, KG-M (FT-LB}

-40
2. 7%

(20) Longltudinal

-4

3.16 (23) Longitudinal

-40
3.47 (25) Longitudinal;

HET TEMPERATURE *C

DYNAMIC TEAR ENERGY
IN KG-M {FT-LBI}
FOR 16 MK (5/R [N}

ABRASINN RESISTANCE AS
BRINELL HARDNESS

110 - 147

12% - 17N

177

REQULRED WELIING AND
FABRICATION TECBNIDUES

RELATIVE (06T FACTOR
fdaged on ARG Grade Aj

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

Moderate preheat }u:
welding. Low-hydrogen
practlce. Hormal forming
& cutting practice.

Moderate praheat for
weldlng, t1ow-hydrogen
practice, Normal forming
& cutting practice.

140



TABLE 8-3.3 {Continued)

PROPERTIES OF STEELS USED FOR ICE-STRENGTHENED SHIPS

STEEL TYPE & GRADE

Lloyd's Registar
HTS Gr. EHI6

Rorsks Veritas
HTS Gr.

NVE2TS

Norske Veritas
HTE Gr. NVEI2

PROCESS OF MANUFACTURE

Opaen-hearth, haaic-oxygen,
or electric-furnace

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

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

Energy, XG-M {FT-LB)

3.47 (Z%) Longltudinal

2.75 ({20) Longitudinal
2.0 {14} Trangverse

process procesas process

DEOXNIDATION Silicon-%killed only Fully killaed Fully killed

HEAT TREATMENT Hormalized Hormalized Normalized

CHEMICAL COMPOSITION .

(Ladle Analysis - w)
Carbon {max.} 0.18 a.18 0. 18
Manganese 4.90 - t,60 0.70 min. 0.9 - 1.6
Phosphorus (max.) D.04 0.04 .04
Sulphur [max.) 9.04 0.04 0.04
Silicon Q.10 min. 910 - 0,50 a.10 - ft.50
Chromium 0,20 max., 0.20 max. 0.20 max.
Hickel 0.40 max. 0. 40 max. 0.40 max.
M ] ybdenum 0.08 max, ¢.00 max. 0.08 max.
Copper 0.35 max. 0.35 max. 0.35 max.
Titanium
Vanadium 4.0 - 0.1 0. 10 max. 0,10 max.
Alyvminum 0.015 min, 0.08 max. 0.08 max.
(Mhars 0.01 - 9.05 Wb 0.05 max. Nb 0.05 max. Wb
MNotes:

TENSILE REQUIREMENTS

Ultimate KG/MM2 (KSI) 50 - 63 (71 - 90) 4 - 54 t58 - ) 45 - 650 {64 - BS)

Yiald (min.)XG/MMZ (KSI) 6 (51) 27 (18.5) 32 {45.5)

Elongatkon (min.) & in 21 22 22

5.65 1K' MM (1IN} or se

noted (A=area of spe.)

CHARPY V-NOTCH IMPACT

TEST

Temperature *C -40 -40 -40

3.16 (23} Longltudinal
2.24 (16} Transverse

NUT TEMPERATURE *C

DY¥YMAMIC TEAR ENERGY

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

ABRASINN RESISTANCE AS
BRINELL HARDHESS

140 - 131

110 - 153

125 - 170

BEFITRE) WELDING AMD
FABRICATION TECHNIQUES

Moderate preheat for
welding, Low-hydrogen
practica, MNormal faorming
& cutting practice.

Mnderate preheat for
welding.
practice.
& cutting practice.

Low-hyArogen
Normat forming

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

RELATIVE 05T FACTOR
tHamed on ABS Grade A}




TABLL B-3.3 (Continued)

PROPERTIES OF STEELS USED FOR 1CE-STRENGTHENED SHIPS

STEEL TYPE & GRADE

Notske Veritase
HTS Gr. NVE36

Norske Veritas
HTS Gr. NVE405

Bureau Verltas
HTS Gr. EHI2

PROCESS OF MANUFACTURE

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

Cpen-hearth, basicroxyqen,
nr elactrlc-furnace
fprooeas

Open-hearth, hasic-oxygen,
electric-furnace, nr any
equivalent approved by the
soclety

DEOXIDATION Fully killed Fully killed Killed, fine graln

HEAT TREATMENT Rormatized Hormalized Hormal i zed

CHEMICAL COMPOSITION

(Ladle Analysia - %)
Carbon (max.] 0.18 0.18 0. 18
Manganege 0.9 - 1.6 0.09 - 1.6 0.09 - 1.60
Phospharua (max.} 0.04 0.04 DAUE]
Sulphur (max.} 0.04 0.04 0.04
Silicon 0. 10 - 0.50 0,10 = 0.50 0. 1N - 3.50
Chramium 0.20 max. 0.20 max. .20 max.
Nickel 0,40 max. 0-40 max. 0.4 max.
Mol ybdenum 0.08 max. 0.08 max. 0.08 max.
Capper 0.15 max. 0.35 max. 0,35 max.
Titaninm
Vanadium 0.10 max. 010 max. 0.10 max,
Al am i num .08 max. 0.08 max. 0.015 - 0.06
Others 0.05 max, Nb 0.05 max. W 0.05 max, Nb

_Hotes:

TENSILE RECQU1REMENTS
Ultimate KG/MMZ (XSI)

5.65 A MM (IM) or as
noted (A=area of ape.

Yield (min.)KG/MMZ (k51)
Elongation {min.,) % in

1

50 - 61 (F1 - 90)
36 {51)
21

54 - &6 {77 - 94)
40 (57)
20

45 - 60 (64 - ASY
32 145.5)
20

CHARPY V-NOTCH IMPACT
TEST

Tamperature *C
Energy, KG-M (FT-LA)

-40
3.47 (25} Longltudinal
2.45 (18} Transverse

-4n
4.0 (29) Longitudinal
2.65 {19) Transverse

-a4a
3.16 [21) Longitudinal

HDT TEMFPERATURE *C

NYNAMIC TEAR ENERGY

FUR 15 MM (S/4 IN)
THICK SPECIMEH

IN KG-M {FT-LA) AT 240

BRINELL HARDNESS

ABRASION RESISTANCE AS

140 - 189

153 - 190

125 - 170

REQULRED WELDING AND

RELATIVE 1457 FAUTOR
tBased on ARG Grade A)

FARRTCATION TECHNIQUES

Maderate preheat for
welding, Low-hydrogen
practice. Hormal forming
& cutting practice.

Moderate preheat For
welding. Low-hydrogen
practice., Normal formlng
& cutting practice.

Moderate preheat for
welding. Llnw-hydrogen
practice. MNormal forming
& mutting practice.

142

1.413




TABLE 8-3.3 (Continued)

PROPERTIES OF STEELS USED FOR ICE-STRENGTHENED SHIPS

STEEL TYPE & GRADE

Bureau Veritas
HTS Gr. EH36

NKX
HTS Gr. KE12

NEK
HTS Gr. XKE36

PHROCESS OF MANUFACTURE

Open-hearth, baxic-oxygen,
electyxlc-furnace, or any
equivalent approved hy the
Bociety

Open-hearth, basic-oxygen,
electric-furnace

proceas, ot other approved
by the society

Open-hearth,. haslc-oxygen,
electric-furnace

proceas, or other approved
hy the society

DEOXIDATION Killed, fine grain Killed Killed

KEAT TREATMENT Normalized Normaljized Normalized

CHEMICAL CYMPAOSITION

(Ladle Analysis - %)
Carban (max.} 0.18 2.18 n.14
Manganese 0.90 - 1.60 0.90 - 1.60 0.90 - 1.60
Phoaphorus [max.) .04 0.04 a.04
Sulphur (max.) 0.04 6,08 0.03
Silicon D.10 - 0.50 0,10 - 0.50 0.10 - .50
Chromiam 0,20 max. .20 man 0.20 max.,
Nickel 0,40 max, .40 max. 0.40 max.
Ml yhdenum 0.08 max. 0.0R max. 0,08 max.
Copper 0.13% max, 0.35 max. 0.35 max.
Titanium
Vanadlium 7,05 - 0,10 0.0% -~ 0.10
Alimiaum~ 0,015 - 0,06 0.015 min. 0.015 min,
imhara 2:02 - 5,05 N& 0,07 ~ 0.09% Hb
Hotes:

TENSILE REQULIREMENTS
tltimate KG/MM2 (kSt)
Yield (min.)NG/MM2 (K5I
Elongation {min.) % in
5.69 yA MM (IN) or as
noted [(A=area of spa.)

500- &1 (71~ 9y
16 (51)
20

4R -~ BD TeA - AS)
32 {45.5})
22

50 - A3 (71 - 90)
38 (51}
21

CHARPY V-NIITCH IMPACT
TEST

Temperature *C
Energy, ¥G-® (FT-LAY

-40
3.5 125} Longltudinal

-40
3.2 {23} Lonygitudinatl
2.3 (17) Transverse

-40
3.5 {25) Longltudinal
2.5 (18) Transverme

NU'T TEMPERATUHRE *C

DYNAMIC TEAR ENFRGY

IN KG-M {FT-LE) AT 24%C
FUR 16 MM (5/8 IN)
THICK SPECIMEN

ABRASINN RESISTANCE AS
BRINELI. HARINESS

140 - 199

a
2
'
)

REIIRED WEILIING AND
FARBRICATION TECHNIUES

KELATLIVE ST FAUTOK
[Baged 5 ARG Grade A

1 _Hn:larate prehaat for

welding.  Low-hydrogen
practice. Norma! forming
and curting practlre,

Moderate prei;;t'“f_ar
welding. low-hydrogen
practice. WNormal forming
& cutting practire.

1.43

143

Moder:reg;ehput for
welding., Low-hydrogen
practice, Hormal Forming
& cutting practice.




TABLE B-3.3{Continued)}

PROPERTIES OF STEELS USED FOR ICE-STRENGTHENED SHIPS

STEEL TYPE & GRADE German. Lloyd German. Lloyd ASTM-ABY3
HTS Gr. ¥12 HTS Gr. E36 Gr. C
Open-hearth, hasic-okygen, | Open-hearth, hasic-oxygen, | Open-hearth, baslc-oxyyen,
PROCESS OF MANUFACTURE electrin-furnace, or any electric-furnace, or any or alectrie-furnace
equivalent approved by the | equivalent approved by the | process
Bociety soclety
DEOXIDATTON Xilled Killed Fine graln practice
HEAT TREATMENT Normalized Normalized Mormalized

CHEMICAL COMPOSITION
iLadle Analysis - )}

Carbon (max.) 0.18 0.18 0.20

Manganese 0,90 -~ 1.60 0,90 - 1.60 1,15 - 1.50

Phoasphorug (max.) 0.04 0.04 0.04

Sulphur (max.} ¢.04 .04 0.05

Silicon 0.10 -~ 0.50 Q.10 - 0.50 0.15 - 0.50

Chromiom 0,20 max. G, 20 masx.

Nickel 0,40 max. 0,40 max.

Mol ybdenum 0.08 max. 4.08 max.

Capper 0.35 max, 0.15 max.

Titanium

Vanadiam

Aduminum 0,02 - 0.07 0.05 - 0.0

thera 0.02 ~ 0.07 0.01 - 0.05 Ch
0.02 = 0.85 Nb

Netera:

TENSILE REQUIREMENTS

Ditimate ¥G/MMZ (K51) 48 - &0 {68 - B8%5) 50 - 63 {It - 90) 49 - 53 {70 - 90)
Yield lmin.)xc/mz (RST) 32 145.%) 36 (51) 315 (50}
Elongatinon (min.) % in 22 21 23

5.65 X' MM (IN} or as in 51 MM {2 IN)

noted (A=area of spe.)

CHARPY V-NOTCH IMPACT

TEST

Temperature *C -40 -40 -46

Energy, KG-M {FT-LBI} 3.2 {23} Longltudinal 3.5 (25} Longitudinal 3.5 (25) longitudinal
i 2.4 (17} Tranaverse 2.2 (16) Transverss 2,8 {20) Tranaverse
HIXT TEMPERATURE * =57 aver.

P —-
DYNAMIC TEAR EWERGY

IN KG-M | FT-LB] AT 24*C
FOR 16 MM (5/8 IN)
THIK SPEUCTHEN

ABRASION RESISTANCE AS 135 - 119 140 - 181 137 - 181
BRINELL HAR(RESS

Moderate preheat fox Maderate preheat for Mederate preheat for
RELA!TRED WELNLMG AND welding, [ow-hydeijen welding. Low-hydrogen wetding. Low-hydroqen
FRARICATION TECHNIQUES practice, Normal fnrming praciice. HNormal Forming practice. Normal forming

and curting practice. w ] and cutting practice. & cuttlng practice.,
PEIATIVE MIST FACTOR 1.43 1.43 1.43

iHagrd rn ABS radle A}

144



TABLE B-3.3 [Continued)

PROPERTIES OF STEELS USED FOR ICE-STRENGTHENED SHIPS

STEEL TYPE & GRADE

ASTM-AGTE
GE. M

ABS low - Tamp.
Gr, V=039

ABS Lnw - Temp.
Gr. v=051

PROCESS OF MANUFACTURE

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

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

Open-hearth, haslic-oxygen,
or electric-Ffurnace

process process process

DEOXITATION Fina graln practice Fine graln practlice Fine grain practice

HEAT TREATMERT Quenched & tempsred Normalirzed Hormal i zed

CHEMICAL COMPOSITION

(Ladle Analysls - %)
Carbon [(max.} 0.1%6 0. 20 0.1
Manganege 0.90 - 1.50 0.90 - 1,35 1.15 - 1,50
Fhosphorus {max.) 0.04 0.04 0.04
Sulphur {max.} 0.05 0,04 0.04
Silicon 0.1% - 0.50 0.0 - 0.35 0.10 = 0,35
Chromium G.2% max. 0.25 max.
Nicke} .80 max. 0,80 max,
Mol ybdenum DDA max. 0.08 max.
Copper 0.20 - 0,35% G.35 max. 0.35% max.,
Titanium
Vanadium 0,90 max. 0.10 max.
Aluminum ©.065 max, G.065 max.
Others 0.05% max. Cb 2,905 max. b
Notes: *When apecified

TENSILE REQUIREMENTS
Ultimata KG/MM2 (XSI}

4% - 63 (70 - 90}

41 - &3 (58 - 90)

41 - 63 (38 - 90}

Energy, KG-M [FT-LB)

2.8 (20) Longitudinal
2.0 {14} Traneverss

3.5 [(25) Longltudinal
2.3 {17) Transverase

Yield (min.)KG/MM2 (R8I 35 (50) 25 (36} 25 (36}
Elongation (min.} % in 22 22 22
5.65 -"K‘m (IN} cor as in 51 MM {2 IN)
noted (A=area of spe.)
CHARPY V-NOTCH IMPACT Purchaser aspecs.
TEST
Temperature *C -73 -39 ~51

3.5 {25) Longitudinal
2.3 [17) Tranaverse

-62 aver

DYNAMIC TEAR ENERGY

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

ARRASION RESISTANCE AS
BRINELL HARPNESS

118 - 181

110 = 181

110~ 181

REQITLRED WELDING AND
FABRICATION TEUHNIQUES

Controlled welding
process. Moderate
preheat. Low-hydrogen
practice. HNormal formlng
& cutting practice,

Preheat required, if
amhient temp. helow 0°C
Low~hydrogen practice.
Selected alectrodes.
Normal forming & cutting
practice

Preheat required, 1f
amhient tamp. helow 0°C
Low-hydrogen practice.
Selected electrodes.
Normal forming & cutting
practlce

HELATIVE COST FACTOR
(Rased on ARS Grade A)

t.4h

1.48
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TABLE B-3.3({Continued)

PROPERTIES OF STEELS USED FOR ICE-STRENGTHENED SHIPS

STEEL TYPE & GRADE ASTM=-AETB

Gr, B

ASTM-AG1]
Gr. E

ASTM-AETR
Gr. €

Open-hearth, basic-oxygen,
PROCESS OF MANUFACTURE | or electric-furnace
process

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

Open-hearth, hasic-oxygen,
NI alectric-furnace
process

DEOXIDATION Fine grain practice

Fine grain practice

Fine grain practice

above 76 MM () TN}.

HEAT TREATMENT Quenched & tempered Normalired* Quenched & tempered

CHEMICAL COMPOSITIDN

(Ladle Analysis - %)
Carbon (max.) 0.20 0.22 0.22
Manganage 0.70 - 1.35 1.15 - 1.50 1.00 - 1.60
Phosphorus {max.) 0.04 0,04 0.04
Sulphuy (max,) ¢.0% 0,05 0.05
Silican 0.15 = 0,50 0.15 = 0.%0 0.20 - 0.50
Chromium 0.25 max. 0.25 max.
Nickel 0.25 max. 0.25 max.
Mol yhdenum D.0A max, 0.08 max.
Capper 0.20 = p,35% 0.20 ~ D.3S*
Titanium
Vapadium 0.04 - 9.1
AlumEnum
hers 0.01 - 0.0) Witrogen|
Notes: *when specified *Douhle normal ized

*When specified

TENSILE REQUIREMENTS
Uttlmate xG/mM2 (XSI} 56 - 70 (80 - 100)
Yield (min.)KG/MM2 (ksI ) 42 (60)
Elongation {min.) % in 22

5.6% ;K MM 1IN} or as in 51 MM {2 [N)
noted (A=area of ape.)

56 -~ 7¢ (B0 - 100)
42 (80)
23

in St MA (2 IN)

For 38 mM (1.5 IR) incl.
&% ~ 77 (90 - 11
49 {79)
9
in 51 MM (2 IN)

CHARPY V-NOTCH [MPACT
TEST

Temperature *C -73

Energy, XG-M (FT-LB) 2.0 (14) Longitudinal
1.4 (30} Transverse

Purchaser specs,

-40
3.5 {25) Longitudinal
2.8 _(20) Transverse

Purchaser Specs.

-73
2.8 (20} Longitudlnal
2.0 (14) Transverae

NDT TEMPERATURE °C =57 aver.

-46 aver.

-73 to -6H

OYNAMIC TEAR ENERGY

IN KG-M (FT-1.B) AT 24°C
FOR 16 MM (5/8 IN}
THICK SPECIMEN

ABRASION RESISTANCE AS
BRINELI. HARDNESS

159 - 202

139 - 202

181 - 221

Controlled welding
REQUIHED WELDING AND prucess. Moderate
FARRICATION TECHNIQUES preheat.  Low-hydrogen
practice. Normal forming
& suatting practice.

b e e

Controlled weliling
preceds. Moderate
preheat. Low-hydragen
practice. MNormal farming
and cutting practice,

Controlled welding
process with preheating.
Low-hydrngen practice.
Salected electrodes.
Hormal forming & cutting
practice.

RELATIVFE (ST FACTOR 1.48
tBased on AHS Grarde A}
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TABLE B-3.3 (Continued}
PROPERTIES OF STEELS USED FOR ICE-STRENGTHEMED SHI1PS

STEEL TYPE & GRADE | ASTM-A&17 ASTM-AT37 CG-A537
Claga 2 Gt. B Gi. M
Open-hearth, hasirc-oxygen, | Open-hearth, baslc-oxygen, | Open-hearth, hasic-oxygen,
PROCESS OF MANUFACTURE or electric-Ffurnace or electric=furnace or electric-furnace
process process process
DECXIOATION Fine grain practice Killed, fine grain practic
HEAT TREATMENT Quenched & tempered Hormalized Quenched & tempered

CHEMICAL COMPOSITION
(Ladle Analynis - &)

Carbon (max.) 0.24 9.22 0.16
Manganese 0.70 - 1.35 1.10 - 1.5% 0.90 « 1.50
Phosphorua (max.) 0.035 0.035 0.035%
Sulphur {max.} 0.040 n.033% n.a440
Silicon 0.15 - 0.50 0.10 - 0.55 0,15 - N.3I%
Chromium 0,25 max. 0,25 max.
Mickel 0.25 max, 0.25 max.
Fn i ybdenum 0,08 max. 0.08 max.
Copper 0.35 max. 0.3% max.
Titanium

vanadium

Alveninum

Others 0.05 max. h

Noten:

TENSILE REQUIREMENTS

Ultimats MG/MMZ (281} 56 = ¢ (80 = 198 43 - &3 (70 - 50 4% - 63 {70 - 53}
¥ield (min.)KG/MM2 (K51} 42 (60} 35 (50} 35 (50}
Elongation (min.} % in 22 23 22

5.5 l‘fm {IN) or asa in 51 MM (2 IN) in 51 MM [2 IM) in 51 MM {2 IN)

noted (A=area of ape.)

CHARPY V-NOTCH [MPACT

TEST

Temperature *C -0 -46 =51

Enerqy, KG-M {FT-LB) 2.1 (15) Longltudinal 3.5 {25) Longitudinal 2.8 (20) Tranaverse

_ 2.8 _(20) Transverse

NIXT TEMPERATURE *C =62 to ~51% -hZ aver.

DYNAMIC TEAR ENMERGY

IN K5~ (FT-1.B) AT 24°C

FOR 16 MM (5/8 IN) 76 (550)

THICY SPEC IMEN

ABRASINN RESISTANCE AS

BRINEL{. HARDHESS 159 - 202 137 - 1\ 138 - 181
[~ 7 Controlled welding Moderate preheat for Controlled weldling
REQUIRED WELDING AND proceas. Moderate welding. Low-hydrogen procegs, Moderate
FARRICATION TECHNIDUES preheat.  Low-hydrogen practice. Normal forming prehmsat. Iow-hydrogen

practice, HNormal forming & cutting practice. practice., HNormal forming
b cutting practice. & cutting practice.
.

KELATIVE (INST FACTOR 1.51 1.51 1.52

fRased on ABS trade A)
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TABLE ©-

PROPERTIES OF STEELS USED FOR ICE-STRENGTHENED SHIPS

3 {Continued)

STEEL TYPE & GRADE

ASTM-AT10
Gr. A Clasa 2

HY-B0
MIL-S-16216H

HY=101
MIL~-5-16216H

PROCESS OF MANUFACTURE

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

Open-hearth, basic-oxygen,
or electric=furnare
Process

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

DEOXIDATIOR

Killed, fine grain practic

HEAT TREATMENT

Quenched & tempered

Quenched & tempered

Quenched & tempered

CHEMICAL CDMPOSITION
({Ladle Analysis - W)

Carbon (max.}

Manganess

Phoaphorus (max.}

Sulphur {max.}

Silicon

Chromlum

Nickel

Mol ybdenum

Capper

Titanium
“Vanadiom

Aluminum

Others

Hotes;

B.07
0.40 ~ 0.70
0.02%
0.525
0.40 max.
0.60 - 0.90
0.70 - 1.00
G. 15 - 0.2%
1.00 - 1,30

0.02 min.

D.ta
0.10 - 0.40

0.02 max.
0.03 max.

)
0.15 a
1.00 - 1.80
2.25 -2
0.20 - 0.60
71,25 max.
©.02 max.
0.01 max.

TENSILE REQUIREMENTS
UFltimate KG/MMZ (KSI}
Yield (min,)kG/mM2 (ks1)
Elongatlon {min.) % in
5465 -.i‘m (IN} or as

For 25.4 MM (1 IN)} incl.

60 {85)
53 {7%)
20

51 MM (2 IN}

70 [(100) min.
56 {84)
20

in 51 MM (2 IN)

81 (115} min.
70 {1000
18

in 51 MM {2 IN)

CHARPY V-NOTCH IMPACT
TEST

Temparature *C
Energy, KG-M {FT-LB)

-62
6.9 (50) Longitudinal
4.8 (35) Transverse

-B4
6.9 (50}

-84
6.9 (50)

NOT TEMPERATURE *C

=73 aver.

-107 aver.

DYNAMIC TEAR ENERGY

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

140 {1012)

ABRASINN RESISTANCE A3
BRINELL HARINESS

170

201

233

REQUIREN WELDING AND
FABRICATTION TECHNIQUES

Little or no preheat
requirements Eor welding.
Sper:lal electrardes,
flatag can he fabricated

Caraful contral of
welding procesa. Coatly
electrodes, Additional
Forming power. Plate temp,

In the as-talled conditinn. for flame cutting not

Careful control of
welding process. Costly
slectrodes, Additional
forming powey. Plate temp.
for flame autting not
below 10°C,

HELATIVE COST FACTOR
{Based on AHS Grade A)

3.1
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APPENDIX B-4
TABULAR WEIGHT AND COST DATA
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TABLE B-4.1
TYPICAL MIDBOOY PANEL WEIGHTS & COSTS - POLAR STAR {Panel Helght = 8.5 ft)

STIFF. PLTG. STIFF. STIFFENER % CHG. % CHG.
CLASS SPEG. THCK. S.H, SIZE WGY. CosT
ABS A1, C; Lloyds 3; DNV ICE C;
BY T11; USSR A3,A4; PRC BIII 26 0.40 b Y ow 3-1/2" x 1AL 00 00
USSR A2; PRC BIT, BY II 26 0.45 6 5" x 3-1/2" x /4" L 10.4 10.4
ABS 1C 26 Q.50 [ 5" x 3-1/2" x 174" L 20.9 20.9
ABS B; Lloyds 2 26 0.55 [ 5" x 3-1/2" x 174" L 31.3 n.a
ABS 1B; NKK B,C 26 0.70 6 5" x 3-1/2" x 1/4" L 62.6 62.6
ASPPR 1; ABS IA 26 n.75 22 8" x 4" x 1/2" L 102.7 102.7
ABS (AA 26 1.00 22 A"k 4" x /2" L 136.8 135.%
ASPPR 2 26 1.55 ar 13-3/4" x A" x AB# I-T 301.3 301.3
ASPPR 4 26 2.00 145 16-3/8" x 10-1/4" x 67# 1-T 423.1 423.%
ASPPR 7 26 2.2% 186 21-1/4" x 8-1/4" x 734 1-T 496.9 496.9
ASPPR 10 26 2.35 208 21-3/8" x B-3/B" x 838 1-7 533.9 5331.9
ASPPR ] 1] 0.60 15 7" x 4" x 3/B" L 7 17.9
HKK A 16 0.80 15 7" ox 4" x 38" L 8.8 120.0
ASPPR 2; NKK AA 16 0.90 30 8" x 6" x /2" L 175.8 177.6
UiV Icebreaker 16 1.10 0 9" x 4" x 142" L 2110 72130
OHY Arctic lcebreaker 16 1.45 30 9" x 4" x 1/2" L 284.0 286.8
ASPPR 2 16 0.95 54 12-1/2" x 6-1/2" x 35¢ [-7 190.¢ 191.9
RSPPR 4 16 1.25 an 13-7/8" x 8" x 534 §-T 300.5 303.5
ASPPR 7 16 1.4 116 14" x 10" x 68¢ [-T 365.6 369.2
ASPPR 10 16 1.45 129 18-1/4" x 7-1/2" x 600 1-T 370.3 374.0
ABS A; Lloyds Y; USSR AY; BY I3
PR BI 13 9.50 6 4" x 3-1/2" x /8" L 47.2 48.1
Lloyds e, PRC BI* 13 0.55 [ 5" x 3-172% x 1/4" L 47.6 48.6
BY 1-Super 13 1.25 6 B ox 3" x 1/4" L 192.0 195.8
HSSR YL 11 0.55 10 6" x 4" x 5/16" L 63.4 64.7
TABLE B-4.2
TYPICAL MIDBODY PANEL WEIGHTS & COSTS - MV ARCTIC {Panel Height = 27 ft)
STIFF. | PLTG. | STIFF. STIFFENER % CHG. | % CHG.
CLASS SPCG. THCK. 5.K, SIZE WGT. C0sT
ABS *AY1, C, IC: Lloyds 2, 3;
DNY ICE C; 8Y III; USSR A3, A4,
MKk . PRC BI1I 13 0.67 17 18-1/8" » 7-1/2" x 55§ I-T 0o 00
BY 11, USSR AZ; PRC BTI 33 0.75 117 18-1/8" » 7-1/2" x 554 I-T 1.8 7.8
ABS B, IB; NKK B Kk] 0.90 n7 18-1/8" x 7-1/2" x 55¢ 1-T 22.3 22.3
ASPPR 1 33 1.00 1? 18-1/8" x 7-1/2" x 554 I-T 32 321
ABS 1A 33 1.05 m? 18-1/8" x 7-1/2" x 55§ 1-T 6.9 3.9
ABS [AA 33 1.46 122 18-1/8" x 7-1/2" x 558 I-T 46.6 46.6
ASPPR 2 33 1.60 260 24-1/4" % 9-1/B8" x 944 1-T 115.8 115.8
ASPPR 4 33 2.25 530 33-1/40 « N-1/20 x 1418 1-T | 211.0 211.0
ASPPR 7 33 2.70 750 36-3/8" x 12-1/8" x 1824 1-T | 282.3 282.3
ASPPR 10 33 3.00 950 35-7/8" x 16-1/2" x 2304 1-T | 334.6 334.6
DNV Icebreaker 20 0.70 1161 T-52" » 1" Meb, 290.6 299.4
T1-142" % 1-1/4" Flq.
DNV Arctic [cebreaker 20 1.00 1451 T-52" x 1" Web, 3a7.7 358.2
11-1/2" 1 1-3/4" Rg,
ASPPR 1 17 0.50 50 12° 9" % 15.3f Flg, P11, - 1.2 - 5.3
USSR A2 17 0.85 30 13-5/8" x 8" x 43¢ [-T 38.1 38.9
NKK A 17 0.95 90 16-1/74% x 7-1/8" x 504 I-¥ 48.4 49.4
Lioyds 1 17 0.67 117 i5" x 8" x 30.64 Flg. Pit. §0.5 §1.7
Lloyds 1* 17 0.75 17 15" x B" x 30.64 Flg, P1t. 68.3 69.7
PRC B1; BV I 17 0.80 17 18-1/4" x 7-1/2" x 6O¥ 1-T 51.3 52.3
ABS A; USSR YA, PRC BI* 17 0.85 17 18-1/4" % 7-1/2" % 604 1-T 56.2 5.3
BY I-Super 17 1.20 n7 18-1/8" » 1-1/2" x 55§ I-T B4.2 86.0
ASPPR 2 17 n.80 130 18" » 8" n 25.5# Fig. P1t. 68.4 69.8
HEK AA 17 1.05 130 24" x 6" % 17.854 Flg. P1t, 76.1 7.5
; ALPPR 4 17 1.15 266 T-15" x 1" Web, 8" x 2" Flg. 189.0 196.6
ASPPR 7 17 1.35 376 T-20" 2 V" Web, 8" x 2" Flg. | 237.0 246.6
AsPPROI0D o 17 k.50 476 T-22" x 1" Weh, B" x 2-%/4" 274.5 | 285.¢

L
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TABLE B-4.3
TYPICAL MIDBODY PAMEL WELGHTS & COSTS - ARCTIC TANKER (Panel Height » 7.5 ft)

STIFF. } PLTG. | STIFF. STIFFENER % CHG. | X CHG.
CLASS SPCG, THCX., S.M, STZE WGT. COsT
ABS #A1, B, C, 1B, IC; Lloyds 2, 3;
DNV ICE C% BV II, ITI; USSR AZ, A3,
A NKK €5 PRC BIIL L1 1.05 kt:} 10-1/2" x 5-3/4" x 304 1-T 00 00
HKK B 40 1.10 38 10-1/2" x 5-37/4" x I30F 1-T 4.2 4.2
PRC 811 LLi] 1.1% kL) 10-1/2" x 5-3/4" x 304 1-T 8.3 8.3
ABS 1A; ASPPR 1 40 1.20 38 10-1/2" x 5-3/4" x 304 1-1 12.5 12.5
ABS 1AA 40 1.35 k] 10-1/2" x 5-3/3" x 304 [-T 25.0 25.0
ASPPR 2 40 2.35 106 18" x 6" x 20.44 Flg. PIt, 119.9 119.9
ASPPR 4 40 3.05 17% 21" x 8-1/4" x 628 1-T 181.9 181.9
ASPPR 7 A0 3.45 226 23-7/8" x 9" x 764 I-T 221.7 221.7
ASPPR 10 40 3.55 252 24-1/8" x 9" x BM 1-T 246.2 246.2
DtV Icebreaker Fi:] 2.55 61 12" x 8" x 40¥ [-T 135.5 136.9
DNV Arctic Icebreaker 28 3.60 17 15" x 3-3/8" x 40# C-L 228.7 231.0
ASPPR 1 20 1.05 13 8" x 4" x 13" I-T - 0.7 1.3
ABS A; Lloyds 1; 8V 1 20 1.05 38 12-1/4" x 6-1/2" x 268 1-T 1.2 11.4
Lioyds 1*; BY 1-Super; PRC BI,
BI* 20 1.25 3B 12-1/4" x 6-1/2" x 268 1-T 27.9 28.5
USSR Al 20 1.35 38 12-1/4% x 6-1/2" x 26K 1-T 36.2 36.9
ASPPR 2 20 r.20 53 L3-8 x 7-8/2" x 04 T 36.5% 3.2
HKK A 20 1.20 66 14-1/8" x 6-3/4" x 388 1-T 32.9 33.6
ASPPR 4 20 1.50 88 2 X 9" x X84 T 7.3 72.7
NKK AA; USSR Y 20 1.30 99 18" x 6" a 20,44 Flg. Pt 57.0 58.1
ASPPR 7 20 1.70 Ml V6-3/8% x 7-1/8" x 5 I-T 92.2 24.0
ASPPR 10 20 1.80 127 21" x 6" x 20.4% Flg. P1t. 104.8 106.9
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APPENDIX C
REVIEW OF METHODS FOR DAMAGE ANALYSIS
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1. INTRODUCTION

The objective of this part of the study is to identify and review currently
. available methods for analyzing ship damage; that 1is 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 Toad.

There is no method, within the state-of-the-art, which can be used to de-
termine the ice pressure distribution. Therefore, it is common to assume a uniform
pressure within the contact area. Nonetheless, the influence of pressure distribu-
tion is thought to have significant effects on the unevenness of load distribution
on the hull structure. The assumption of uniform pressure on a small plate panel
is, on the other hand, guite 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 detaiied 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
jts four sides by frames and stringers and subjected to uniform lateral pressure.
The maximum pressure required to cause one of the following conditions can be
estimated:

» reach the elastic limit,
- cause oneplastic hinge at the center,
« cause two plastic hinges at the supports,

» cause three plastic hinges, one at the center
and two at the supports,

« cause plate rupture due to membrane tension, etc.

Therefore, the criterion of failure is important to define and various methods
will now be reviewed.

2.1 Elastic Method

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

-1 . (Ey2
P=g9, ()

where o = the yield strength of the matéria] (2400 kp/cm® for structural
Y steel = 35000 psi)
t = the plate thickness
s = the spacing between long edges or frames
B = is a coefficient = 0.5 for an aspect ratio > 2
Therefore,
p =20, () (c.1)

2.2 Elastic - Perfectly Plastic

The simplest method for damage analysis is the so-called plastic method
proposed by Johansson in 1967 [E-13]. The method is based on the premise that a
permanent set does not occur until three plastic hinges develop; one at each
support and one at the center of the plate as shown in Figure D.la. The minimum
uniformly distributed pressure, p, required to satisfy this condition, is given
by:

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

(a) Definition of Plate Calculations

Po
Tt \
S LU
AR B \C. l
3,
]
- {c) Definitions of Frame Calculations
L
a
_ C/2
c
P
{(b) The Coefficient fg gives the b d
reduction in the plating stress,
because of the distributing effect !
due to the 1imited vertical exten-
sion of the ice-pressure

4 _ , .
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|
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where p = the maximum pressure the plating can carry without onset of
plastic deformation, kp/cm?

o = the yield strength of the plate material, kp/cm? (22400 kp/cm
Y for mild steel)

t = the plate thickness, mm

= the frame spacing, mm

e
I

= a correction factor which accounts for frame spacing and is
given in Figure C.1(b).

The maximum pressure the frames can accommodate without plastic hinge formation,
P1s 15 expressed by:

2000 0 W_ 2

» Y 1%

v slald. {a + 2.d/28)

(C.3)

where w? = the plastic section modulus, cm® (which includes plate portion)
2 = the span of the frame, m

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

a & 4 are illustrated in Figure C.1(c}

For d = /2, the frame stresses will be maximum and the pressure reduces
to:
16000 ¢ - W
p =

[
"1 .8 \c

(C.4)

b
{
-y

Johansson used this method to determine the maximum pressure which would
have caused hull damage for 200 ship damage cases. The damage pressure estimated
by this method is based on an assumed standard contact area extending over at
least two frame spacings and the full depth of ice assumed to be 800 mm.

The major criticism for this method is the fact that it does not take into
account in-plane tension or membrane effects of the plate.

2.3 Plastic Method with Membrane Effect

This method was proposed by Clarkson [£-6 ] in 1956, It is applicable to
plate design and retains the influence of geometry changes and thus, takes into
account membrane forces and their effect on increasing the load carrying capacity.
Assuming uniformity, the pressure corresponding to one plastic hinge is given by:

p =456 [0, w/3ym1/3] -(50“/3 (C.5)

1

where £ = the elastic modulus of the hull plate material and other variables

are previously defined.
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Archtarides [E-1 ] used the data reported by Johansson [E-13] to calculate
(¢/5) and, then, used equation (C.5) toestimate ice pressures and propose different
design curves.

In fact, a direct comparison between equations {(C.5) and (C.2) is not possible
because each one is based on different failure criterion. For the pressure to cause
three plastic hinges with consideration of membrane effect, equation (C.5) should be
corrected by approximately a factor of 2 to read:

p = 9.12 [0 */3m/] « ()0 (c.6)a
Rearranging ( .6)a obtain:
£, 3/ @ .
b= i, & ‘ 228\ - (2 ] (.6)b

Comparing (C.6) with (C.2) for structural steel and 5/t = 10 it appears that
consideration of membrane effects increases the pressure load capacity by approxi-
mately 11-12%. This ratio would increase for high strength cteels as well as
higher spacing to thickness ratios. 1t is equally true that for thick steel with
closely spaced framing, the membrane effects will be negligible.

2.4 Empirical Pressure Distribution Method

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

P = qo LI (C°7)
where 4,% 9, h12 3 o, = ice crushing strength

# = thickness

Q
H
[#3]
[#%)
e
—
s
Fﬂm
!
1]

elasticity of the hull steel

E. = elasticity of ice

I, = section moment of inertia of the stringer

2 = spacing between bulkheads
This method can be used to assess the pressure distribution that caused
damage if used in conjunction with a plastic failure criterion such as
Johansson's. We should write:
P=py *h-+5 (C.8)

where pi1 can be obtained fromequation (C.4). By workingback«, obtain g, and estimate
0. under actual conditions of interaction. However, it should be noted that the

method pertains to bulkheads and stringers in the middie body of a ship, and it
is not clear to us how this method can be applied to analysis of main frames with
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FIGURE C.

2

ICE PRESSURES ON THE HULL

(a) Actual Pressure Distribution
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(b} Idealized Distribution
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proper account of pressure distribution effects. One possible way is to set
1imits on the value of « in equation {C.7).

2.5 Plastic Energy Method

Plastic analysis procedure was developed by McDermott, et al [E 24] for
the analysis of tanker collision. Although the procedure, which is based on model
tests and inspection of collision damage, was never extended to ice damage, it is
potentially useful in this regard. The approach is based on the calcula