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1.

2.

2.1

2.2

2.3

24

SCOPE:

This standard, as referenced in the applicable product specifications in procurement documents,

contains:

(a) A catalog of the standard carbon steels, alloy steels (including H-steels), and stainless and heat-
resisting steels that are designated by chemical composition, or (for H-steels) by chemical
composition and hardenability limits by reference to standard industry documents.

(b) Rules for dg
resisting ste

CLASSIFICATI
Classification

Chemical conj
complete guid
basis for the ¢
desired form

will determine
whether all th

Standard stee

Standard steqd
steels have in
table 1. Then
in this standa
Iron and Stee
included for fu

In general, stz

signating the chemical content of carbon steels, alloy steels, and sta
pls that are not classified as standard.

position indicates only one aspect of a steel praduct and is not to be
e to quality and performance. Chemical compasition, however, is thg
assification and designation of steels. The precise chemical content,
bar, sheet, strip, plate, etc.) and the size-(primarily cross-sectional ar
whether a given product can be obtained simply by ordering a stand
b requirements must be specified intdetail.

Is:

dividual numerical designations assigned by industry to facilitate orde
umbers are for identification and are not indicative of quality. The stg
d are generally(Unified Numbering System (UNS) numbers; correspq
Institute (AISH numbers and Society of Automotive Engineers (SAH
rther information.

\ndard steels are used more often and are more readily available tha

compositions.

nless and heat-

DN AND DESIGNATION OF STEELS BY CHEMICAL COMROSITION:

considered as a
b most common
together with the
ba or diameter,
ard steel, or

Is have specified compasitions and are limited to particular forms andl sizes. These

ring, as shown in
el numbers used
nding American
) numbers are

N other

Former standard steels:

These steels were formerly listed as “standard steels” in previous editions of this standard and the
AIS| manuals but, because of decreased usage, they have been placed in separate tables in the
referenced documents.

Nonstandard steels:

Nonstandard steels are steels which do not fall into the category of standard steels because of
differences in their composition. These unlisted steels must be ordered by specifying the chemical
content in accordance with established ranges and limits.
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2.5 H-steels:

A number of alloy steels, identified by the prefix or suffix letter “H” to the steel number, may be
designated by a combination of hardenability and composition. The hardenability data compiled for
each of these steels, have been derived from extensive standard (Jominy) endquench hardenability

testing, and have been incorporated into composite graphs. Each graph has two ¢
from the maximum and minimum hardness values reported for 1/16-inch distances
guenched end of a standard one-inch diameter specimen. The band created by th
defines the hardness limits for that composition. Hardenability bands and direction

urves, plotted
from the

ese two curves
s for their use in

specifying H-gteels are explained in 7.2.

2.5.1 Chemical cgmposition limits: The chemical composition limits of the H-steels hav
somewhat ffom the ranges or limits applicable to the same grades when-specifie
composition only so that steel producers will be able to meet a common standarg
limits. The odifications permit adjustments in manufacturing range of chemical
correct for individual plant melting characteristics which might-atherwise influencq
widths of the hardenability bands. The modifications are not.gréat enough to infld
characteristics of the original compositions of the series under consideration.

3. VERIFICATION OF CHEMICAL COMPOSITION:

3.1 Definitions:

3.1.1 Cast or heat analysis: Cast or heat analysis‘is the determination of the chemical
melt, blow, @r heat of steel as represented by samples obtained from the first part

the heat duning pouring of the steel from a ladle. This analysis is representative g
heat of stee| as delivered and aswreported to the purchaser.

3.1.2 Product andlysis: Product analysis is a chemical analysis of steel in the semifinis
product formp. The steel.can be subjected to product analysis by the purchaser e

e been modified
H by chemical

of hardenability
composition to
b the levels and
ence the general

composition of a
or middle part of
f the product of a

ned or finished
ther for the

ch element,
hposition within a
bsenting different

3.1.3 A “melt” of steel is the metallic output of one charge of an electric furnace.

er, within

3.1.4 A *heat” is the metallic output of one furnace charge in the open hearth or the basic oxygen

process.

3.1.4 A “blow” is the metallic output of one furnace charge in the bessemer process.
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3.2

3.3

3.4

3.5

Sampling for cast or heat analysis:

Unless otherwise specified in the contract or order, sampling procedures for cast or

heat analysis will

be in accordance with standard industry practice. Usually, at least three samples are taken
representing the first, middle, and last portions of the heat. Drillings taken from the first sample or
middle sample are used in determining cast or heat analysis. The additional samples are used for

survey of uniformity and for control purposes.

Reporting cagt or heat analysis:

The chemical|composition specified for cast or heat analysis is shown by percenta
elements, exgressed as minimum or maximum limits or as ranges. With.the excep
phosphorus ahd sulfur, all elements are reported to two decimals. PhoSphorus ang

jes of the
tion of
sulfur, up to

0.060 percentlinclusive, are usually reported to three decimals; above)0.060 percer]:they are usually

reported to twpp decimals. Values are normally rounded off to the iearest hundred

Sampling for product analysis:

In sampling for product analysis, each heat of steel inalot is considered separately
specified. The number of samples selected for analysis is usually indicated by the
product specification. Because of segregation, thié location at which samples for p
important. Product analysis must be performed on steel in the con
from the prodiicer because steel subjected to-subsequent heating operations may n
results that cqrrectly represent the original,composition. The detailed procedures f

product analykis chips or drillings (samples) for various forms and sizes of the prod

table 2.
Tolerances fof product analysis;
Individual det¢rminationSémay vary from the specified limits or ranges to the extent|

applicable prgduct analysis tables, but the several determinations of any element i
vary both abope and below the specified range.

percent.

unless otherwise
applicable
roduct analysis
lition received

ot yield analytical
Or obtaining

uct are shown in

shown in the
1 a heat may not

ired for carbon,

Lhax taoriat: | [l [ SRTENT Pt TR aracliat oot H 9= HEW-NTr P~
ITMTATAULITTIOUL TAUN Ul UIIIIUIIIIILy, "y pluuuul. oulcuyolo 1o Ululllallly ICL.i

Because of a

phosphorus, and sulfur in rimmed or capped steels, nor for phosphorus and sulfur in rephosphorized
or resulphurized steels, unless misapplication (error in identification) is clearly indicated.
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4. CARBON STEEL COMPOSITIONS:

4.1

41.1

4.1.2

Description:

The chemical

composition, ranges and limits, and product analysis tolerances for carbon steels are

covered in tables contained in the Steel Products Manual published by the American Iron and Steel

Institute (AISI

(a) Carbon S
(b) Carbon S
(c) Wire and

(d) Carbon SE

(e) Carbon S
Deformed
(f) Steel Spe

Bars, semifi

available as

carbon stee

number of ¢

Plates, shee
plates, sheg

(a) The stegq

develop
(b) The che

The standar
tubing are id
for bars, ser

composition

range of con
identificatior

reet Steel (Coils and Cut Lengths)

). The applicable sections of the Manual, covering the available forms, are as follows:

el Strip

Rods, Carbon Steel
el: Plates; Structural Shapes; Rolled Floor Plates; Steel Sheet Pilin
el: Semifinished for Forging; Hot Rolled and Cold Finished Bars; H
Concrete Reinforcing Bars

Cialty Tubular Products

o]
bt Rolled

nished products, wire rods, wire, and seamless-tubing: Standard carjon steels are
bars, and as semifinished products (blooms;billets, and slabs) for farging. Standard
s are also available as wire rods, wire, . and seamless tubing. In addition, a small

arbon steels have been developed exglusively for both seamless and welded tubing.

t, strip, structural shapes, and welded tubing: Chemical composition [for carbon steel
t, strip, structural shapes, and welded tubing are ordered by one of tyvo methods:

| may be designated as{one of the standard SAE nonresulphurized darbon steels
bd exclusively for these forms.
mical content may-He'ordered in accordance with applicable AlISI ranges and limits.

d SAE nonresulphurized carbon steels for plates, sheet, strip, shapes, and welded
entified byrthe same four-digit numbers used to identify the standard| AISI-SAE steels
hifinished-products, wire rods, wire, and seamless tubing. However, comparable

s frofr both groups are not identical despite identification numbers; they differ in the
re, in ordering, specify the
i on “SAE”".
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TABLE 1. Numerical designation of steels by composition
Seriea designation
Classification Groupings
UNS AISI SAE
Carbon Plain (nonresul.)
steels Low carbon Up to 010130 Up to 1013 Up to 1013
Med, low carbon 010130 to 010220, inol. 1013 to 1022, inol. 1013 to 1022, inol,
Med, high carbon Over 010220 to 010410, inol. Over 1022 to 1041, inmol. Over 1022 to 1041, inol.
High carbon Over Gl0410 Over 1041 Qvar 1041
High mangenese G15240 to 015520, incl. 1524 to 1552, inol, 1524 to 1552, inecl,
Free-cutting (free-
[ maonIning)
Resulphurized ——— 1lxx L1xx
Rephosphorized ——— 12xx L.1xx
and resulphurized
Alloy Manganese G1 3xxx 13xx L 3%
steels
Boron — 14xx L4 X
Nickel~chromium - 3lxx [Blxx
-— 33xx 33xx
Molybdenunt G/40xxx 40xx ,0xx
Gh4xxx 443 i XX
—— 49%x b, Sxx
Chromium-aolyb- G41lxxx © 41xx I xx
denum
Nickel~chromium- G4 3xxx 43xx o 3xx
molybdenum G4 7xxx 41xx Aped
G8lxxx 8lxx 1 XX
G86xxx 86xx 6xx
G87xxx 87xx 7xX
G88xxx 88xx 8xx
——— 93xx D 3xx
——— 98xx D8xx
Niokel-molybdenum G46xxx 46xx J6xx
G4 8xxx 48xx U, 8x
Chromium
Low @501xx 50xx 50xx
G51xxx 51xx 51xx
Low (bearing) —— 50xxx 40Lxx
Medium (bearing) -— 51xxx Nixx
High (bearing) -— 52xxx 421xx
Chromium-vanadium G6Lxxx 61xx 61xx
Silicon-manganese G92xxx 92xx 92xx
Boron intensified 0504xx to G506xx, incl. xxBax AxBxx
Leaded -— xxLxx L x
Stainless Austenitic (non-
and hardenable) :
heat-re- Chromium-nickel-
sisting o S200xx,—S2023%,-5205%x 2xx 402xx
asteels Chromium-nickel S3xxxx (certain designations 3xx 303xx
only) .
B} . | Martensitic (hard-- 84xxxx_ (ocertain designations 4xx 514xx
enable chromium) only) . :
Ferritic (nonhard- S4xxxx (certain designations 4xx” 514%¢
enable chromium) only :
Special heat-resiat- S50x0% 5xx 515xx ,
. ing (low chromium)
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TABLE 2. Procedures for obtaining product analysis samples
Cross- Drill
Size sectional erea, diameter, in,
Form characteristics 8q. in, (sq. om,) | (mm) (approx.) Sempling instrustionsd/

Bars, rounds Small seotions Not over 0,75 ——— ch%g: shall be taken by milling or machining
squares, . full oross section of the piece
hexagons, shapes '

Bar-sized shapes; Width of cross A1 172 (12.7) Chips shall be teken by milling or mechining
light flat bars section greatly thd ull orose section or by drilling

exceeds thiok- through the steel at a point midway between
ness the outstg7 and center as showniin A,
figure 1.

Blooms, billets Large ssotions Over ngz ig,gé) 1/2 (12,7) 1dw
slaba, rfunds, 10 16.0 (103.2) between the outside and center of the plece
aquares, |shapes by drilliog parallel to the axig. If im

Over 16,0 (103.2) 1 (25.4) practicable, the piece may be diilled on
the side as shown .in B and ¢, fikure 1,
provided ohips are nottaken unyil they
represent the portigp midway betfeen the
outside and center,

Bored forgings - To 16.0 (103.2) 1/2 (12.7) Samples from bored forgings shall pe taken

midway betweefi/the inner and outpr surface

Over 16,0 (103.2) 1 (25.4) of the wall,

Plates Thickness to - 1/2 (12.7) Chips ghall.be taken by ds},lllng through the-

2 inches (50,8um) thickness of  the plate,
Thickness - 1/2 (12.7) Chips shall be taken by drilling the edge of
2 inches and over the plate at a point midway betwpen iye
(50, 8mm) - 1 (25.4) rolled surface and the midthicknges.
Sheet, strip Not of the full -— 1/2 (12,7) Chips shall be taken by milling or|drilling
slge rolled (cut) entirely through the steel in a fuificient
irom larger - 1(25.4) number of places so that the chips are
sheets) repre s}tatlve of the entire she¢t or
atrip, Sheet or strip may be jolded
both ways to facilitate sampling
Speai for sampling shall be out|2 inches
Sheet, strip Rolled longi- - 172 (12.7) P 50.6an) in width and daross full [width as
tudinally mlied i
. cimen shall be cleaned and then|folded
1 (25.4) spgnoe or more by bringing ends together and
olosing bend, Chips shall be taken in
mniddle of length by milling inside sheared
edges or by drilling entirely thjough from
the flat surface. (Milling pref¢rved.)
Several light-gage pieces may be|stacked
together for folding simultaneougly.
Specimen shall be out from side of|as-rolled
Sheet, strip Rolled trans- - 1 (25.4) P;gm' helfway botween tha middlf and end,
versely and shell be 2 inches (50,8mm) ip width and
. - 18 inches (457.2um) in length, Remainder
of procedure is the same as for pheet and
strip rolled longitudinally.
1 shall be out from full lepgth of

Sheet Rolled trans- - 1/2 (12.7) szﬁe::nas rolled, Remainder of ppocedure

X:z;e%’g?;:f)’ - 1 (25.4) 18 the same as for sheet and strlp rolled
or less . longitudinally’,
. Prillings shall be teken from several pgints

Tubular prdducte - To 16.0 (103.2) 12 (12.7) of eash tube sampled as practicaple

5 (‘).lg) Sl heti-be—talk s.;. 2illing br machin-
Over 10,07 TI05:2) ing full cross seotion.
. - Chips shall be taken by milling or msdhining

Wire rods and wire - - ‘tge full orose section of the wirg or wire

8/%ach sample shall consist of not less than 2 ounces (56,
shall be taken without the application of water, oiz l'u
ps O

and shall pass an ASTM No, 10 (2000 miorons

soale, grease,
be well mixed,

D/Wnen steel is subject to tension tel

dirt, or other foreign

ateel at the location of the tens

substances,

ste, drillings for' product
X lle'opeoime‘n, provided the

7 grams) of drillings,
or other lubricant, and
r drillings shall not be overheated during outting.
) sieve and shall be retained on an ASIM No, 30

Bﬂll!‘ from 4
8pec: ingll\, m:pgﬁé’"w the‘a;;ffolcﬁo gampling conditi

unleas otherwise specified, Drillings

or chips

all ohips or drillinge shall be iree from

Chips shall
(590 miorons) sleve,

test specimen or from the

ons,
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5. STAINLESS AN

5.1 Forms:
Stainless and
available as b
and as plates

5.2 Description:
The chemical
covered in tah
of the Manual

6. ALLOY STEEL

6.1 Forms:

L) @

A B c

FIGURE 1. Drill locations for obtaining product analysis samples

D HEAT-RESISTING STEEL COMPOSITIONS:

ars, as semifinished products (blooms, billets, and slabs) 4 inches sq
shapes, sheet, strip, and wire.

composition and product analysis tolerances for stainless and heat-rg
les contained in the Steel Products Manual published by AISI. The 3
is titled Stainless)and Heat Resisting Steels.

COMPOSITIONS:

heat-resisting steels specified by composition are ordered as standaLd steels and are

are or larger,

sisting steels are
pplicable section

Standard alloysteetfs;ordered by idemntificatiom mamber, are avaitatte as bars; tittets, blooms, and

slabs. They are generally also available as shapes, sheet, strip, wire, and seamless tubing. Some
producers may not furnish standard alloy steels in all of these forms, or they may accept orders only
if based on specifying such forms as “other-than-standard” steels.
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