Preface

This is the book I never wanted to write, but always wanted to own. As a metallurgical engineer and
long time user of steel standards, author of the four CASTI Metals Data Books, and member of
ASTM AO01 and B02 standard committees, I knew all too well the many pitfalls and challenges of
writing such a handbook. There were many steel standards from around the world that were new to
me, which created far too many surprises and delays in completing this book.

Comparing steel standards is not an exact science, so the biggest challenge of preparing such a book
was deciding on the "rules of comparison." Of the similar books on the market today, none explain in
detail why one steel is comparable to another. They simply appear together in a list of steels. I kept a
daily diary to help construct a workable set of comparison rules that I could share with other users to
assist them in understanding how and why one steel is comparable to another.

To say the least, these rules changed from chapter to chapter while the book was being written. It
wasn't until the last chapter and appendix were completed that I was able to finalize the rules of
comparison. In the end, a complete review of the book was performed resulting in the reorganization
of some chapters and the fine-tuning of others. There were too many occasions when I thought the
book was finished, only to have to change, add, or delete a rule which made yet another review of the
book necessary.

After more than two years of researching steel standards and gathering data from around the world
for the 22d and 34 editions of this handbook, then developing a comparison order to more than
100,000 pieces of data, this handbook is an ongoing and expanding project. The addition of a fully
searchable e-book on CD-ROM makes this product even more valuable, since trying to find one piece
of data in more than 100,000 is not an easy task. The e-book makes searching for a comparable steel
a quick and easy process. In some cases, the user may find out that the steel is non-comparable.

I hope you enjoy using this handbook as much as I will. Tie a chain to it and anchor it to your desk,
because once others see it, they'll want to use your copy. I am interested in your comments and
suggestions to improve this handbook, so I encourage you to send your feedback directly to ASTM.

John E. Bringas, P.Eng.

Handbook of Comparative World Steel Standards



Table of Contents

1. Introduction to Comparing World Steel Standards ..........ccccucmiiiminismnnssincnnnss s s 1
Myth and Methodology When Comparing Steel Standards............ccooiieriiiiiiieiiee e 1
Comparative and ClOSESt MAICH .......coouiiiii et e bae e saee e 2
L@ (0 F= 1 T.4= 111 ] o [PPSR 5
Definition and STEEI TEIMS ... ..ei et e e nne e s 5
(07101 (o g =T V2N 1\ o' C- RO URR 7
Questions Regarding the Rules of COMPAIiSON.........cuii it e 8
NON-COMPATADIE STEEIS ... ..ei ittt ettt ettt ae e e st e e s bt e e sabe e sabe e e aaeeesbeeesnneas 8
Criteria for COMPANNG SEEEIS .......oi ittt ettt e bt e e sbe e e sb e e e sbeeesaseesbeesneeesaneans 8
I o) @7 4] o F= 1 =T o I T 1= SRR 10
Brief Introduction to Steel Standards and Designation Systems ...........cccccviiiiiiiiiinee e 12
ASTM DeSIigNation SYSIEIM .....oiiiiiii et e e s st e e e sabe e e e e snbeeeesaneeeeeaans 12
ASTM Reference Standards and Supplementary ReqUIirements ...........cccoeieiiiieiiiiieneee e 13
SAE Designation System and Discontinued AlSI Designation System ..........cccocviiiiiinieiiien e 14

Carbon and AlIOY STEEIS.......ooiiii ittt e sae et e e e eae e sb e e e b e e e aee e ebeeeaaeeas 14
UNS DeSIgNation SYSIEM ..o ittt e et e ettt e e s sabe e e e s sase e e e s anneeeesansreeeeannneeess 15
Canadian Standards ASSOCIAtION (CSA) ....ciiiiiiiiiiie et e e e e s e e e e e e s er e e e e e e e e nnnreneees 16
Introduction to European Standard Steel Designation SysStem..........cooiiieiiiiiiiiiiiiie e 17
EN 10027 Standard Designation System for StEEIS .........coceiiiiiiiiii e 18

Ry LT I N =T TSRS 18

Ry LT I NN 103 o= SR 18
Former National Standards Replaced by CEN Standards.........ccccccooevuviiiiieeii i eieeee e e 19

2. Carbon and Alloy Steels for General USe.........c.cccuricmmiisninnmninsmsssssses s s ssssssssssssssssssssassssssses 21
2.1 Chemical Composition of Carbon Steels for General USe...........cccceeieriiiiiiiei e 23
2.2 Chemical Composition of High Manganese Carbon Steels for General Use ...........cccccoevieeennnen. 34
2.3 Chemical Composition of Alloy Steels for General USE.........cuuvveveeeiiiciiiiiie e 35

2.3.1  Chromium (Cr) STEEIS .....uueiiieeeieciiieee et e e e e e e e e e e s re e e e e e e e e ennnneeees 35

2.3.2  Chromium-Molybdenum (Cr-Mo0) StEEIS .........coiuiiiiiiiiiee e e 37

2.3.3  Chromium-Nickel (Cr-Ni) StEEIS.......ccuiiiiiiiiiiiii e 38

2.3.4 Nickel-Chromium-Molybdenum (Ni-Cr-Mo) Steels ........cccoceriiiiiiiiriiieeeee e 39

2.3.5 Chromium-Molybdenum-Aluminum (Cr-Mo-Al) StEelS ......cccvveiiriiiieee e 40

P T T = T (o] T (= ) RS (==Y £ 41

2.3.7  Chromium-Vanadium (Cr-V) StEEIS ........cccccuriiiiiie e 42
2.4 Non-Comparable Carbon and Alloy Steels for General USe ..........ccocceeiiiiiiieniiiie i 43

3. Structural Steel PIates ........cccccceiiiriiemnisiies s s e e e e 47

3.1 Carbon Steels for Structural Steel Plates ..........ccoeeiiiiiiiiiiie e 50
3.1A  Mechanical Properties of Carbon Steels for Structural Steel Plates ...........cccccceecvverenneen. 50
3.1B  Chemical Composition of Carbon Steels for Structural Steel Plates...........ccccceeecvvveeneen. 66

3.2 Alloy Steels for Structural Steel PIAtES ........cceeei i 72
3.2.1A Mechanical Properties of High-Strength Low-Alloy Structural Steel Plates...................... 73
3.2.1B Chemical Composition of High-Strength Low-Alloy Structural Steel Plates..................... 75
3.2.2A Mechanical Properties of Alloy Steels for Structural Steel Plates ..........cccoooeiiceniieennnnen. 79
3.2.2B Chemical Composition of Alloy Steels for Structural Steel Plates............ccoccceieiiieennnnen. 84

3.3 Structural Steels with Improved Atmospheric Corrosion-Resistance ..........ccccovceeiieiiiieciieeenenn. 88
3.3A  Mechanical Properties of Structural Steels with Improved Atmospheric

COrrosioN-ReESISTANCE. .........ei i 88
3.3B  Chemical Composition of Structural Steels with Improved Atmospheric
COorroSioN-RESISTANCE. ......ccoiiiiie e 94

Handbook of Comparative World Steel Standards



3.4 Non-Comparable Carbon Steels for Structural Steel Plates........ccccccovecviiiiiei e, 97
3.5 Non-Comparable Alloy Steels for Structural Steel Plates..........ccccevvciieieiiie e 98
4. Pressure Vessel Steel PIates ........ccuciiiimiiiiniiniisssscis s s sses s s s sssss s sms s ssss snsmssssne s 99
4.1 Carbon Steels for Pressure Vessel Plates..........occuueviiiiiiiiiiiiie e 103
41A  Mechanical Properties of Carbon Steel Pressure Vessel Plates........cc.cccooccvvveeeeeiiinnns 103
41B  Chemical Composition of Carbon Steel Pressure Vessel Plates .......ccccccoecvvveeeneiiienns 109
4.2 Carbon Steels for Pressure Vessel Plates - With Impact Testing Below -20°C ..........ccccocoeeennee 113

42A  Mechanical Properties of Carbon Steels for Pressure Vessel Plates -
With Impact Testing BEIOW -20°C .........cooiiiiiiiiiiiieiiee ettt st 113

42B  Chemical Composition of Carbon Steels for Pressure Vessel Plates -
With Impact Testing Below -20°C .......cooiiiiiiiiiiee ettt 115
4.3 %Mo Alloy Steels for Pressure Vessel PIates...........uceeiiiiieiiiiiiiei e e e 117
4.3A  Chemical Composition of 2Mo Alloy Steels for Pressure Vessel Plates .........c............. 117
4.3B  Mechanical Properties of ¥2Mo Alloy Steels for Pressure Vessel Plates............ccccc.c... 119
4.4 Cr-Mo Alloy Steels for Pressure Vessel Plates.........cccooiiiiiiiiiiiiiiieee e 121
4.41A Chemical Composition of 34Cr-%2Mo Alloy Steels for Pressure Vessel Plates ............... 121
4.4.1B Mechanical Properties of 34Cr-¥2Mo Alloy Steel for Pressure Vessel Plates.................. 121
4.42A Chemical Composition of 1Cr-12Mo Alloy Steels for Pressure Vessel Plates ................ 122
4.4.2B Mechanical Properties of 1Cr-¥2Mo Alloy Steels for Pressure Vessel Plates................. 122
4.4.3A Chemical Composition of 1%4Cr-¥2Mo Alloy Steels for Pressure Vessel Plates ............. 123
4.4.3B Mechanical Properties of 114Cr-¥2Mo Alloy Steels for Pressure Vessel Plates.............. 123
4.4.4A Chemical Composition of 2%4Cr-1Mo Alloy Steels for Pressure Vessel Plates .............. 124
4.4.4B Mechanical Properties of 214Cr-1Mo Alloy Steels for Pressure Vessel Plates............... 125
4.4.5A Chemical Composition of 3Cr-1Mo Alloy Steels for Pressure Vessel Plates ................. 126
4.4.5B Mechanical Properties of 3Cr-1Mo Alloy Steels for Pressure Vessel Plates.................. 126
4.4.6A Chemical Composition of 5Cr-2Mo Alloy Steels for Pressure Vessel Plates ................ 127
4.4.6B Mechanical Properties of 5Cr-%2Mo Alloy Steels for Pressure Vessel Plates................. 127
4.4.7A Chemical Composition of 9Cr-1Mo Alloy Steels for Pressure Vessel Plates ................. 128
4.4.7B Mechanical Properties of 9Cr-1Mo Alloy Steels for Pressure Vessel Plates.................. 128
4.5 Ni Alloy Steels for Pressure VESSEl PIAtes ......c.coooiiiiiiiiii et e e a e 129
4.5.1A Chemical Composition of ¥2Ni Alloy Steels for Pressure Vessel Plates..........ccccccceuneee 129
4.5.1B Mechanical Properties of 2Ni Alloy Steels for Pressure Vessel Plates .........c.ccccceeeee. 129
4.5.2A Chemical Composition of 12Ni Alloy Steels for Pressure Vessel Plates....................... 130
4.5.2B Mechanical Properties of 1'2Ni Alloy Steels for Pressure Vessel Plates ....................... 130
4.5.3A Chemical Composition of 2%Ni Alloy Steels for Pressure Vessel Plates..........ccc........... 131
4.5.3B Mechanical Properties of 214Ni Alloy Steels for Pressure Vessel Plates .........cccccc....... 131
4.5.4A Chemical Composition of 3%2Ni Alloy Steels for Pressure Vessel Plates..........ccc........... 132
4.5.4B Mechanical Properties of 32Ni Alloy Steels for Pressure Vessel Plates ....................... 133
4.5.5A Chemical Composition of 5Ni Alloy Steels for Pressure Vessel Plates..........cccccceveeen. 134
4.5.5B Mechanical Properties of 5Ni Alloy Steels for Pressure Vessel Plates ..........ccccccceeeeen. 134
4.5.6A Chemical Composition of 9Ni Alloy Steels for Pressure Vessel Plates..........c.ccccccoune 135
4.5.6B Mechanical Properties of 9Ni Alloy Steels for Pressure Vessel Plates .........cccccceeenneeeee 136
4.6 Ni-Mo Alloy Steels for Pressure Vessel Plates ........cccuuveeieei it e e 137
4.6.1A Chemical Composition of 2Ni-¥2Mo Alloy Steels for Pressure Vessel Plates................ 137
4.6.1B Mechanical Properties of 2Ni-¥2Mo Alloy Steels for Pressure Vessel Plates................. 138
4.6.2A Chemical Composition of 2%Ni-¥2Mo Alloy Steels for Pressure Vessel Plates................ 139
4.6.2B Mechanical Properties of 34Ni-2Mo Alloy Steels for Pressure Vessel Plates................. 140
4.7 Ferritic and Martensitic Stainless Steels for Pressure Vessel Plates ..........cccoveeiiiiiiiiiennns 141

4.7A  Chemical Composition of Ferritic and Martensitic Stainless Steels for
Pressure VESSel PIAtes..... oot 141

4.7B  Mechanical Properties of Ferritic and Martensitic Stainless Steels for
Pressure VESSel PIates..... .ot 142

Handbook of Comparative World Steel Standards



4.8 Austenitic Stainless Steels for Pressure Vessel Plates ..o 143
4.8A  Chemical Composition of Austenitic Stainless Steels for Pressure Vessel Plates......... 143
4.8B Mechanical Properties of Austenitic Stainless Steels for Pressure Vessel Plates ......... 146
4.9 Duplex Stainless Steels for Pressure Vessel Plates...........ccooiiiiiiiiiiiiiiiiieeee e 151
4.9A  Chemical Composition of Duplex (Ferritic-Austenitic) Stainless Steels for
Pressure VEssel PIates..... ... 151

49B Mechanical Properties of Duplex (Ferritic-Austenitic) Stainless Steels for
Pressure VEsSel PIates..... .ot 152
4.10 Non-Comparable Carbon and Alloy Steels for Pressure Vessel Plates ...........ccoccoviiiiinnieens 153
4.11 Non-Comparable Stainless Steels for Pressure Vessel Plates ...........ccccooeiiiiiiiiiiiinnii e 156
. Steel TUDES aNd PIPES ....cccuiiiiiiiimiiiin s s s s sas s s s s ms s m s s ams e e e ans s ms e s pnmn e e nnnen 157

5.1 Carbon Steel Tubes for General and Structural Applications...........cccccveiieieiiinnee e 165

5.1A  Mechanical Properties of Carbon Steel Tubes for General and
Y 0T 0T r= Y o] o] oX= T} 1= SR 165
5.1B  Chemical Composition of Carbon Steel Tubes for General and
Y 0T 0= Y o] o] oX= T 1SR 176
5.2 Alloy Steel Tubes for General and Structural AppliCatioNns ...........ccceereiiiieriiiie e 185

5.2A  Chemical Composition of Alloy Steel Tubes for General and Structural Applications.... 185
5.2B  Mechanical Properties of Alloy Steel Tubes for General and Structural Applications .... 186

5.3 Stainless Steel Tubes for General and Structural Applications ...........cccoevevei i, 188
5.3.1A Chemical Composition of Ferritic and Martensitic Stainless Steel Tubes for
General and Structural APPlICAtIONS ........oeiiiei i 188
5.3.1B Mechanical Properties of Ferritic and Martensitic Stainless Steel Tubes for
General and Structural APPlICAtIONS .........coiiuiiiiiie e 189
5.3.2A Chemical Composition of Austenitic Stainless Steel Tubes for
General and Structural APPlICAtIONS ........coiveiiiiiciiir e 190
5.3.2B Mechanical Properties of Austenitic Stainless Steel Tubes for
General and Structural APPlICAtIONS ........ceiiiiiiiiiieie e 193
5.4 Carbon Steel Tubes and Pipes for Low-Temperature SErviCe .........cccceruerrriieiieeniiee s 196
5.4A  Mechanical Properties of Carbon Steel Tubes and Pipes -
With Impact Testing BeIOW -20°C .........cooiiiiiiieiiiie ettt st 196
5.4B  Chemical Composition of Carbon Steel Tubes and Pipes -
With Impact Testing Below -20°C .......cooiiiiiiiiiiie ettt 198
5.5 Alloy Steel Tubes and Pipes for Low-Temperature SErvViCe .......ccccvvvvcviviiieeeeiiicieeeee e e e e e 199

5.5A  Chemical Composition of Alloy Steel Tubes and Pipes for Low-Temperature Service.. 199
5.5B  Mechanical Properties of Alloy Steel Tubes and Pipes for Low-Temperature Service .. 200

5.6 Carbon Steel Tubes and Pipes for Pressure PUIPOSES ..........occeieiiiiiiiiiiei e 202
5.6A  Mechanical Properties of Carbon Steel Tubes and Pipes for Pressure Purposes......... 202
5.6B  Chemical Composition of Carbon Steel Tubes and Pipes for Pressure Purposes......... 204

5.7 Carbon Steel Tubes and Pipes for Pressure Purposes at High Temperatures...........cccccoeeeeenne 206
5.7A  Mechanical Properties of Carbon Steel Tubes and Pipes for

Pressure Purposes at High Temperatures ...........coooieiiiiiiiiiiiee e 206
5.7B  Chemical Composition of Carbon Steel Tubes and Pipes for
Pressure Purposes at High Temperatures ... 210

5.8 Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures...........cccccceeviieeeennee 213

5.8.1A Chemical Composition of %Mo Alloy Steel Tubes and Pipes for

Pressure Purposes at High Temperatures ... 213
5.8.1B Mechanical Properties of %Mo Alloy Steel Tubes and Pipes for

Pressure Purposes at High Temperatures ... 213
5.8.2A Chemical Composition of 2Mo Alloy Steel Tubes and Pipes for

Pressure Purposes at High Temperatures ... 214
5.8.2B Mechanical Properties of 2Mo Alloy Steel Tubes and Pipes for

Pressure Purposes at High Temperatures ...........coooiiiiiiiiiiie e 215

Handbook of Comparative World Steel Standards



Xii

5.8.3A Chemical Composition of ¥2Cr-2Mo Alloy Steel Tubes and Pipes for
Pressure Purposes at High Temperatures ...........coooieiiiiieiiiiiee e
5.8.3B Mechanical Properties of %2Cr-2Mo Alloy Steel Tubes and Pipes for
Pressure Purposes at High Temperatures ...........coooieiiiiieiiiee e
5.8.4A Chemical Composition of 1Cr-¥2Mo Alloy Steel Tubes and Pipes for
Pressure Purposes at High Temperatures ...
5.8.4B Mechanical Properties of 1Cr-¥2Mo Alloy Steel Tubes and Pipes for
Pressure Purposes at High Temperatures ...........coooieiiiiieeiniiee e
5.8.5A Chemical Composition of 1%4Cr-2Mo Alloy Steel Tubes and Pipes for
Pressure Purposes at High Temperatures ...........coooieiiiiieeiiiee e
5.8.5B Mechanical Properties of 114 Cr-2Mo Alloy Steel Tubes and Pipes for
Pressure Purposes at High Temperatures ...
5.8.6A Chemical Composition of 2%4-1Mo Alloy Steel Tubes and Pipes for
Pressure Purposes at High Temperatures ...
5.8.6B Mechanical Properties of 2%-1Mo Alloy Steel Tubes and Pipes for
Pressure Purposes at High Temperatures ...........coooieiiiiieiiiiee e
5.8.7A Chemical Composition of 5Cr-¥2Mo Alloy Steel Tubes and Pipes for
Pressure Purposes at High Temperatures ...
5.8.7B Mechanical Properties of 5Cr-¥2Mo Alloy Steel Tubes and Pipes for
Pressure Purposes at High Temperatures ...........coooieiiiiiiiiieeeeee e
5.8.8A Chemical Composition of 9Cr-1Mo Alloy Steel Tubes and Pipes for
Pressure Purposes at High Temperatures ...........coooieiiiiieniiiiec e
5.8.8B Mechanical Properties of 9Cr-1Mo Alloy Steel Tubes and Pipes for
Pressure Purposes at High Temperatures ...
5.9 Stainless Steel Tubes and Pipes for Pressure Purposes and High Temperatures.....................
5.9.1A Chemical Composition of Ferritic and Martensitic Stainless Steel
Tubes and Pipes for Pressure Purposes and High Temperatures............ccccoocvveeeiineenn.
5.9.1B Mechanical Properties of of Ferritic and Martensitic Stainless Steel
Tubes and Pipes for Pressure Purposes and High Temperatures.........ccccccovveeeennnenn.
5.9.2A Chemical Composition of Austenitic Stainless Steel Tubes and Pipes for
Pressure Purposes and High Temperatures ...
5.9.2B Mechanical Properties of Austenitic Stainless Steel Tubes and Pipes for
Pressure Purposes and High Temperatures ...
5.10 LIiNE PP SEEEIS ...ttt ettt et b e st e e e bt e e be e e st e e e abe e e enee e anee e sabeeennes
5.10.1A Mechanical Properties of Line Pipe Steels Without Notch Toughness Requirements...
5.10.1B Chemical Composition of Line Pipe Steels Without Notch Toughness Requirements...
5.10.2A Mechanical Properties of Line Pipe Steels With Notch Toughness Requirements ........
5.10.2B Chemical Composition of Line Pipe Steels With Notch Toughness Requirements........
5.11 Non-Comparable Carbon Steel Tubes for General and Structural Applications ...........c.ccccc.....
5.12 Non-Comparable Alloy Steel Tubes for General and Structural Applications ...........cccccceeveenee.
5.13 Non-Comparable Stainless Steel Tubes for General and Structural Applications ......................
5.14 Non-Comparable Carbon Steel Tubes and Pipes for Low Temperature Service.............cc.uue.....
5.15 Non-Comparable Alloy Steel Tubes and Pipes for Low Temperature Service.........cccccceevuvnnenn.
5.16 Non-Comparable Carbon Steel Tubes and Pipes for Pressure Purposes at
HIG TEMPEIATUIES ...t e e e e s s e e s e s e e e e e nneee s
5.17 Non-Comparable Alloy Steel Tubes and Pipes for Pressure Purposes at High Temperatures ..
5.18 Non-Comparable Stainless Steel Tubes and Pipes for Pressure Purposes and
HIGh TEMPEIATUIES ...t e e e e e e e e e s e e e e e e e e snnnreeeeaeaeean
5.19 Non-Comparable Line Pipe StEEIS.......ceeiiiiiiee ettt e e e

L= (=T =TI o e 1 3T
LS I 07T g o o] g IS (= =TI o (o [T 1= PSPPSR
6.1.1A Mechanical Properties of Carbon Steel Forgings for General Use............ccccceevienennnen.

6.1.1B Chemical Composition of Carbon Steel Forgings for General Use ............ccccoocerrieennee.

Handbook of Comparative World Steel Standards



6.1.2A Mechanical Properties of Carbon Steel Forgings for Piping, Pressure Vessel

= TaTo J@7oTa0T o ol aT=T o | USRS 272
6.1.2B Chemical Composition of Carbon Steel Forgings for Piping, Pressure Vessel
= TaTo J@ToTa0T o o] o114 | TSP 275
LS Za | (oy VS Y (== o] o1 o PP 277
6.2.1A Chemical Composition of 114Cr-14Mo Alloy Steel Forgings for General Use.................. 277
6.2.1B Mechanical Properties of 1% Cr-14Mo Alloy Steel Forgings for General Use.................. 278
6.2.2 Alloy Steel Forgings for Piping, Pressure Vessel and Components...........ccccceccveeeenneen. 279
6.2.2.1A Chemical Composition of Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COMPONENTS........ccoceiiiiiiiiiriiie et 279
6.2.2.1B Mechanical Properties of Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COmMPONENES.........cccuviieiiereciieciieiee e ee e 279
6.2.2.2A Chemical Composition of %2Cr-2Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COMPONENTS........cooceiiiiieiieriieeeriee et 280
6.2.2.2B Mechanical Properties of ¥2Cr-¥2Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COMPONENTS........ccociiiiiiriieriiieeriee e 280
6.2.2.3A Chemical Composition of 1Cr-¥2Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COmMPONENES.........cccuviviieireiiiiciiiiee e eee e 281
6.2.2.3B Mechanical Properties 1Cr-2Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COMPONENTS........coociiriiiriiieiiiieeriee et 281
6.2.2.4A Chemical Composition of 1%4Cr-2Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COmMPONENTS........coociiiiiiriieiiiie et 282
6.2.2.4B Mechanical Properties 1% Cr-¥2Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COmMPONENES.........cccuvieiieireiiicciieiee e 282
6.2.2.5A Chemical Composition of 214Cr-1Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COmMPONENTS........coociiiiiiriiiiiiie et 283
6.2.2.5B Mechanical Properties of 2%4Cr-1Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COMPONENTS........coociiiiiiriiieiiiie et 284
6.2.2.6A Chemical Composition of 3Cr-1Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COmMPONENES.........cccuviviieeeeiiiiciieeee e 285
6.2.2.6B Mechanical Properties of 3Cr-1Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COMPONENTS........coociiiiiiiiiiriiie et 285
6.2.2.7A Chemical Composition of 5Cr-¥2Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COMPONENTS........coociiiiiieiiiriiie et 286
6.2.2.7B Mechanical Properties of 5Cr-2Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COmMPONENES.........cccuviviieieeiiicciieiee e ee e 286
6.2.2.8A Chemical Composition of 9Cr-1Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COMPONENTS........coociiiiiiriiieriiieeriee et 287
6.2.2.8B Mechanical Properties of 9Cr-1Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COMPONENTS........ccociiiiiieiieriiie e 287
6.2.2.9A Chemical Composition of 11Cr-2Ni-1Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COmMPONENtS.........cccuviiiiiereciiiciieeee e 288
6.2.2.9B Mechanical Properties of 11Cr-2Ni-1Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COMPONENTS........ccociiiiiiriieiiie et 288
6.2.2.10A Chemical Composition of Ni Alloy Steel Forgings for Piping,
Pressure Vessel and COmMPONENTS ........ceiiieiiiiiiiiie e 289
6.2.2.10B Mechanical Properties of Ni Alloy Steel Forgings for Piping,
Pressure Vessel and COMPONENTS ......ccvveiieiiiiiiiee e e e 290
6.2.2.11A Chemical Composition of Ni-Mn Alloy Steel Forgings for Piping,
Pressure Vessel and COMPONENTS .........ceiiiiiiiiiiiiie e 291
6.2.2.11B Mechanical Properties of Ni-Mn Alloy Steel Forgings for Piping,
Pressure Vessel and COmMPONENTS ........coiiuiiiiiriiei e 291

Handbook of Comparative World Steel Standards



Xiv

6.2.2.12A Chemical Composition of C\vNi-12Cr-Mo Alloy Steel Forgings for Piping,

Pressure Vessel and COmMPONENTS .......c.cuoiiiiiiiriiii et 292
6.2.2.12B Mechanical Properties of C\vNi-2Cr-Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COmMPONENTS .........ceiiiiiiiiiiiii e 292
6.2.2.13A Chemical Composition of C\vNi-¥2Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COmMPONENTS ......ccoveiieiciiiiiiee e e e 293
6.2.2.13B Mechanical Properties of C\vNi-¥2Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COmMPONENTS ........cuiiieiiiiieiie e 293
6.2.2.14A Chemical Composition 3%4Ni-1C\vCr-2Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COmMPONENTS .........coiiiiiiiiiiiee e 294
6.2.2.14B Mechanical Properties 3%Ni-1C\vCr-¥2Mo Alloy Steel Forgings for Piping,
Pressure Vessel and COMPONENTS ......ccoveiiieiiiiiiee e e e 294
6.3 Stainless STEEI FOIQINGS ..uuiiiiiiiie et e e st e e s bt e e e sbe e e e e sbeeeessanreeeeeans 295
6.3.1A Chemical Composition of Martensitic Stainless Steel FOrgings .........cccccceveeveieniieennee. 295
6.3.1B Mechanical Properties of Martensitic Stainless Steel FOrgings..........ccocceeveeveieeeiieenne. 296
6.3.2A Chemical Composition of Ferritic Stainless Steel FOrgings.........cccoeveeieeeieniieeenieene 297
6.3.2B Mechanical Properties of Ferritic Stainless Steel FOrgings .......cccccovveeiiiieiiniee e, 297
6.3.3A Chemical Composition of Austenitic Stainless Steel FOrgings ........ccccceevvieeeeniieneennen. 298
6.3.3B Mechanical Properties of Austenitic Stainless Steel FOrgings.........cccocevviineeniieneennnee. 302
6.3.4A Chemical Composition of Precipitation-Hardening Stainless Steel Forgings ................. 307
6.3.4B Mechanical Properties of Precipitation-Hardening Stainless Steel Forgings.................. 308
6.3.5A Chemical Composition of Duplex (Ferritic-Austenitic) Stainless Steel Forgings ............ 309
6.3.5B Mechanical Properties of Duplex (Ferritic-Austenitic) Stainless Steel Forgings............. 310
6.4 Non-Comparable Carbon Steel Forgings for General USe...........coooiiiiiiiiiiieiiiiiee e 311
6.5 Non-Comparable Carbon Steel Forgings for Piping, Pressure Vessel and Components ........... 311
6.6 Non-Comparable Alloy Steel Forgings for General USe............cooceieiiiiiiieiiii e 311
6.7 Non-Comparable Alloy Steel Forgings for Piping, Pressure Vessel and Components ............... 312
6.8 Non-Comparable Stainless Steel FOrgings. .......c.couiiiiiiiiiriiiie e 313
= (== I 07 1= T 315
A B OF- ) A 07T o T o IR (Y=L SRR 319

7.2

7.3

7.1.1A Mechanical Properties of Cast Carbon Steel for General and Structural Applications... 319
7.1.1B Chemical Composition of Cast Carbon Steel for General and Structural Applications .. 323
7.1.2A Mechanical Properties of Cast Carbon Steel for Pressure Purposes at

HIgh TEMPEIATUIES ...t e e e e e s s e e e e e e e e aennnee 326
7.1.2B Chemical Composition of Cast Carbon Steel for Pressure Purposes at

HIgh TeMPEIatUIES ......eeeiiiiiie e e 326
7.1.3A Mechanical Properties of Cast Carbon Steel for Pressure Purposes at

0TV =Y 0 0] 0 1= = L (B = PSPPIt 327
7.1.3B Chemical Composition of Cast Carbon Steel for Pressure Purposes at

0TV =Y 0] 0 1= = L (B = PP 327
Cast MaNQaNESE STEEIS .......coouii ittt ettt e ae et e e ae e s b e 328
7.2A  Chemical Composition of Cast Manganese Steels.........coccceeiiiiiieiiiiiiiie e 328
7.2B  Mechanical Properties of Cast Manganese Steels .........cocoiiiiiiiiiiiiii e 329
(@7 1Sy N [0S 1 LY =Y S 330
7.3.1A Chemical Composition of Cast Alloy Steels for General and Structural Purposes......... 330
7.3.1B Mechanical Properties of Cast Alloy Steels for General and Structural Purposes......... 331
7.3.2A Chemical Composition of Cast Alloy Steels for Pressure Purposes at

HIgh TeMPEIAtUIES ..o e 335
7.3.2B Mechanical Properties of Cast Alloy Steels for Pressure Purposes at

HIgh TEMPEIATUIES ...t e e e e e s r e e e e e e aennnee 336
7.3.3A Chemical composition of Cast Alloy Steels for Pressure Purposes at

0TV =Y 0] 0 1= = L (B = PP PPPPNt 337
7.3.3B Mechanical Properties of Cast Alloy Steels for Pressure Purposes at

LOW TEMPEIATUIES ...ttt ettt e e e e e e s e e e ne e e e e ennes 338

Handbook of Comparative World Steel Standards



7.4 Cast STAINIESS STEEIS ....coiiiiii e st e e s bt e e e b e e s b e e e e e anreeeeen 339
7.41 Cast Stainless Steels for General and Corrosion Resistant Applications....................... 339

7.4.1.1A Chemical Composition of Martensitic and Ferritic Stainless Steels for
General and Corrosion Resistant Applications ............cccoereeerieeniennneen e 339

7.4.1.1B Mechanical Properties of Martensitic and Ferritic Stainless Steels for
General and Corrosion Resistant Applications ........cccccovevcieeeeee i, 340

7.4.1.2A Chemical Composition of Austenitic Stainless Steels for General and
Corrosion Resistant AppliCatioNS ...........ccceriiiriieirier e 341

7.4.1.2B Mechanical Properties of Austenitic Stainless Steels for General and
Corrosion Resistant AppliCatioNS ...........ccceeiiiriieiriiei e 344
7.4.2 Cast Stainless Steels for Pressure PUIPOSES ........cc.uvviiiiie i iccieeeee et 347

7.4.2.1A Chemical Composition of Martensitic and Ferritic Stainless Steels for
Pressure PUMDOSES ......ccco e 347

7.4.2.1B Mechanical Properties of Martensitic and Ferritic Stainless Steels for
PreSSUIe PUIMPOSES .....ciiiiiiiiie ettt e e ee e 348
7.4.2.2A Chemical Composition of Austenitic Stainless Steels for Pressure Purposes. 349
7.4.2.2B Mechanical Properties of Austenitic Stainless Steels for Pressure Purposes . 350
7.5 Cast Heat Resistant StEEIS .......oueiiiiiiie e 351
7.5A  Chemical Composition of Cast Heat Resistant Steels..........ccccccveeveeiiiicciieeee e, 351
7.5B  Mechanical Properties of Cast Heat Resistant Steels ...........cccooceiiiiiniiiiiiiieee 355
7.6 Non-Comparable Cast Carbon StEEIS ..........ceiiiiiiiiiiie e e 359
7.7 Non-Comparable Cast Manganese StEEIS ........cc.oiiuiiiiiiiiiie e 360
7.8 Non-Comparable Cast AllOY STEEIS .........uueiiiieiii e e e 360
7.9 Non-Comparable Cast Stainless Steels for General and Corrosion Resistant Applications....... 361
7.10 Non-Comparable Cast Stainless Steels for Pressure PUrpoSES.........ccccuveeveeeiiicciiieeeee e 361
7.11 Non-Comparable Cast Heat Resistant Steels..........cccoiiiiiiiiiiiiiiii e 362
. Wrought Stainless SIS ......cccciiiirimiiiiiiriiirr s s e e an e s 363
8.1 Stainless Steels: Plate, Sheet and StrP .....covvei oo 366
8.1.1A Chemical Composition of Martensitic Stainless Steels..........cccociiriiniiniiii i 366
8.1.1B Mechanical Properties of Martensitic Stainless Steels .........ccccecceveivcier e, 367
8.1.2A Chemical Composition of Ferritic Stainless Steels ..........cccooiiiiiiiiiinee e 368
8.1.2B Mechanical Properties of Ferritic Stainless Steels.......cccccevvvvviiiiieie e, 370
8.1.3A Chemical Composition of Austenitic Stainless Steels..........cccccvveeveeeiiicciieee e, 372
8.1.3B Mechanical Properties of Austenitic Stainless Steels..........ooccvveeveeiiiicciieiee e, 377
8.1.4A Chemical Composition of Precipitation-Hardening Stainless Steels ...........cccccccevenee. 387
8.1.4B Mechanical Properties of Precipitation-Hardening Stainless Steels............cccoceeviennnee. 388
8.1.5A Chemical Composition of Duplex (Ferritic-Austenitic) Stainless Steels............ccccocueee.e. 392
8.1.5B Mechanical Properties of Duplex (Ferritic-Austenitic) Stainless Steels ........ccc.cccuuneeee. 393
8.2 StaINIESS STEEIS: BaAI .....eiii it e et e e s anreee e e 394
8.2.1A Chemical Composition of Martensitic Stainless Steels..........ccccvcveeeiiiiccieiee e, 394
8.2.1B Mechanical Properties of Martensitic Stainless Steels ..........cccovceiiniiniinii e 396
8.2.2A Chemical Composition of Ferritic Stainless Steels ........occoeiiiiiiiiiiieee e 398
8.2.2B Mechanical Properties of Ferritic Stainless Steels........cocoevriiiieiiiiiniecee e 399
8.2.3A Chemical Composition of Austenitic Stainless Steels...........ccccvveeeeeiiiicciieeee e, 400
8.2.3B Mechanical Properties of Austenitic Stainless Steels..........cccccvveeveeeiiiccciieeee e, 403
8.2.4A Chemical Composition of Precipitation-Hardening Stainless Steels ............cccoecveeennen. 409
8.2.4B Mechanical Properties of Precipitation-Hardening Stainless Steels............cccoceriiennnee. 410
8.2.5A Chemical Composition of Duplex Stainless Steels ..........cccocoviiiiiiiiniiiien e 412
8.2.5B Mechanical Properties of Duplex Stainless Steels .........occueieviieiiiiiiiiieiee e 412
8.3 Non-Comparable Stainless Steel Standards: Plate, Sheet and Strip.....cccccccevvicciiieeec i, 413
8.4 Non-Comparable Stainless Steel Standards: Bar.......ccccccooccviiiiiii i 415

Handbook of Comparative World Steel Standards



XVi

9. Steels fOr SPECIal USE.....ouuimiiiiriiiiiiminis s s s sas s sas s s ssms s ms s s s s s e s sme e sann s asmnnnmnnnnns 417
9.1 Free-MachiniNg STEEIS .........oiiii ettt ne e e sbe e eaes 420
9.1.1  Chemical Composition of Resulfurized Carbon Steels for
Free-Machining ApPpPlICAtIONS. ..........ueiiiiiee e e e 420
9.1.2 Chemical Composition of Rephosphorized and Resulfurized Carbon Steels for
Free-Machining APPlICAtIONS.........ooii i 422
9.1.3 Chemical Composition of Resulfurized and Leaded Carbon Steels for
Free-Machining APpPlICAtIONS.........ooii i 423
9.1.4 Chemical Composition of Rephosphorized, Resulfurized, and
Leaded Carbon Steels for Free-Machining Applications ..........ccocceeviii e, 424
9.1.5 Chemical Composition of Free-Machining Stainless Steels .........ccccoccviiiiiiiiinien e, 424
S S To] (1T IS (Y= USSR 425
9.2.1  Chemical Composition of Cold Rolled Carbon Spring Steels...........cccoeceviiiiiiieniiennnee. 426
9.2.2 Chemical Composition of Hot Rolled Alloy Spring Steels...........cccooiiiiiiiiiiiiiiiieee 427
9.2.2.1 Chemical Composition of Hot Rolled Si Alloy Spring Steels..........ccccevvveeenne 427
9.2.2.2 Chemical Composition of Hot Rolled Cr Alloy Spring Steels .........cccccevceeeenns 427
9.2.2.3 Chemical Composition of Hot Rolled Cr-Si Alloy Spring Steels........c..cccceee...e. 427
9.2.2.4 Chemical Composition of Hot Rolled Cr-Mo Alloy Spring Steels..................... 428
9.2.2.5 Chemical Composition of Hot Rolled Cr-V Alloy Spring Steels............ccccocueu.. 428
9.2.2.6 Chemical Composition of Hot Rolled Cr-B Alloy Spring Steels............ccccecuee.. 428
9.2.3 Chemical Composition of Stainless Spring Steels........cccocceviiiiei i, 429
1S TR T o T B (== [PPSR 430
9.3.1  Chemical Composition of Carbon Tool Steels .........cccevevveeiiiiciiiiii e 430
9.3.2 Chemical Composition of High-Speed Tool SteelS..........ccceiieriiiiiiiienieeeee e 431
9.3.2.1 Chemical Composition of Tungsten Type High Speed Tool Steels................. 431
9.3.2.2 Chemical Composition of Molybdenum Type High Speed Tool Steels ........... 432
9.3.3 Chemical Composition of Cold Work Tool Steels ........ccccceeeveviiiiiiiere e 433
9.3.4 Chemical Composition of Hot Work Tool Steels........ccccvvveiiiiciiiiiiie e, 434
9.3.5 Chemical Composition of Special Purpose Tool Steels........cccccceereeiiiiciiieee e, 434
S Tt g g o[RS (Y= LTS 435
9.4.1 Chemical Composition of Bearing Steels...........ccocciiiiiriiiiiiiie e 435
9.5 Non-Comparable Free-Machining StEeIS..........ccceiiiiiiiiiiiiiieiiee e 436
9.6 Non-Comparable SPring STEEIS ......coouiiiiiiie e sbeee e 437
9.7 Non-Comparable TOOI STEEIS......ccueiiiiiiiieiie e e e e e e e e e e e anreeaeeees 438
9.8 Non-Comparable Bearing STEEIS .......c.ueiiiiiiiii it e e 439
Appendix 1 - ASTM Ferrous Metal Standards........ccccccviiiiismmmmmmnininisssssensnsssssssssssssssssssssssssssssssssssssnns 441
Appendix 2 - ASTM Discontinued Ferrous Metal Standards..........cccccccmirriniissmmmnnnninsssssssssesssesssssssnes 457
Appendix 3 - JIS Steel and Related Standards ..........cccuecmiicminisimnnsmnn s 469
Appendix 4 - JIS Discontinued Steel and Related Standards ..........cccccvereemrrncscmrnssscersssscee e sceenas 475
Appendix 5 - CEN Current Steel Standards.........cccciiriiiiinsmmmmnminnnsssssmmssnnissssssssssssssesssssssssssssssssssssssnas 479
Appendix 6 - CEN Standards with Superseded Former National Standards............cccoeccmmrrrrrisinnnees 485
Appendix 7 - Former National Standards Superseded by CEN Standards..........cccccouvinriiimnnisnnnann. 503
Appendix 8 - ISO Iron and Steel Product Standards.........c.cccuciimiismnissinssninssnssssss s ssesssaes 523

Appendix 9 - ASTM A 941-03 Terminology Relating to Steel, Stainless Steel,
Related Alloys, and Ferroalloys.......cc.ccccrrmimmrmminmmrmnnssssmsssssss s ssssssssssssssssssssssssssnss 531

Handbook of Comparative World Steel Standards



Appendix 10 - ASTM E 527-83 (2003) Numbering Metals and Alloys (UNS).........cccccuvemrinimmnsnnnaans 539
Appendix 11 - SI Quick Reference GUIE ........cccccoiiiiommiismiisnincen s s sms s sss s s sanasssmssnnns 547
Steel Grade/NAME INAEX ......ccuiirerrurrriieriirs s s s s r s Ea s e r s n e Ea s Easam e Eam e R s mn R an e e ane s 553
UNS NUMDEE INA@X...uueiiimeriinrriienrismsssssssss s sssss s rasss s ssss s s sss s s s e sss s s sm e e s e R m e R a R e R R e R a e e nnan e e nnnnasn 601
8 (== I LUy o= gl [T T 609
Specification Designation INAEX.........cccuiiiimiiemiisssiiir i s s s s san e san s nsnn s 617

Handbook of Comparative World Steel Standards





