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STANDARD STEELS

Standard Steels—Compositions, Applications, and Heat Treatments
Steel is the generic term for a large family of iron–carbon alloys, which are malleable,

within some temperature range, immediately after solidification from the molten state.
The principal raw materials used in steelmaking are iron ore, coal, and limestone. These
materials are converted in a blast furnace into a product known as “pig iron,” which con-
tains considerable amounts of carbon, manganese, sulfur, phosphorus, and silicon. Pig iron
is hard, brittle, and unsuitable for direct processing into wrought forms. Steelmaking is the
process of refining pig iron as well as iron and steel scrap by removing undesirable ele-
ments from the melt and then adding desirable elements in predetermined amounts. A pri-
mary reaction in most steelmaking is the combination of carbon with oxygen to form a gas.
If dissolved oxygen is not removed from the melt prior to or during pouring, the gaseous
products continue to evolve during solidification. If the steel is strongly deoxidized by the
addition of deoxidizing elements, no gas is evolved, and the steel is called “killed” because
it lies quietly in the molds. Increasing degrees of gas evolution (decreased deoxidation)
characterize steels called “semikilled”, “capped,” or “rimmed.” The degree of deoxidation
affects some of the properties of the steel. In addition to oxygen, liquid steel contains mea-
surable amounts of dissolved hydrogen and nitrogen. For some critical steel applications,
special deoxidation practices as well as vacuum treatments may be used to reduce and con-
trol dissolved gases.

The carbon content of common steel grades ranges from a few hundredths of a per cent to
about 1 per cent. All steels also contain varying amounts of other elements, principally
manganese, which acts as a deoxidizer and facilitates hot working. Silicon, phosphorus,
and sulfur are also always present, if only in trace amounts. Other elements may be present,
either as residuals that are not intentionally added, but result from the raw materials or
steelmaking practice, or as alloying elements added to effect changes in the properties of
the steel.

Steels can be cast to shape, or the cast ingot or strand can be reheated and hot worked by
rolling, forging, extrusion, or other processes into a wrought mill shape. Wrought steels are
the most widely used of engineering materials, offering a multitude of forms, finishes,
strengths, and usable temperature ranges. No other material offers comparable versatility
for product design.
Numbering Systems for Metals and Alloys.—Several different numbering systems
have been developed for metals and alloys by various trade associations, professional
engineering societies, standards organizations, and by private industries for their own use.
The numerical code used to identify the metal or alloy may or may not be related to a spec-
ification, which is a statement of the technical and commercial requirements that the prod-
uct must meet. Numbering systems in use include those developed by the American Iron
and Steel Institute (AISI), Society of Automotive Engineers (SAE), American Society for
Testing and Materials (ASTM), American National Standards Institute (ANSI), Steel
Founders Society of America, American Society of Mechanical Engineers (ASME),
American Welding Society (AWS), Aluminum Association, Copper Development Asso-
ciation, U.S. Department of Defense (Military Specifications), and the General Account-
ing Office (Federal Specifications).

The Unified Numbering System (UNS) was developed through a joint effort of the
ASTM and the SAE to provide a means of correlating the different numbering systems for
metals and alloys that have a commercial standing. This system avoids the confusion
caused when more than one identification number is used to specify the same material, or
when the same number is assigned to two entirely different materials. It is important to
understand that a UNS number is not a specification; it is an identification number for met-
als and alloys for which detailed specifications are provided elsewhere. UNS numbers are
shown in Table 1; each number consists of a letter prefix followed by five digits. In some,
the letter is suggestive of the family of metals identified by the series, such as A for alumi-
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num and C for copper. Whenever possible, the numbers in the UNS groups contain num-
bering sequences taken directly from other systems to facilitate identification of the
material; e.g., the corresponding UNS number for AISI 1020 steel is G10200. The UNS
numbers corresponding to the commonly used AISI-SAE numbers that are used to identify
plain carbon alloy and tool steels are given in Table 1.

Table 1. Unified Numbering System (UNS) for Metals and Alloys

UNS Series Metal

A00001 to A99999 Aluminum and aluminum alloys

C00001 to C99999 Copper and copper alloys

D00001 to D99999 Specified mechanical property steels

E00001 to E99999 Rare earth and rare earthlike metals and alloys

F00001 to F99999 Cast irons

G00001 to G99999 AISI and SAE carbon and alloy steels (except tool steels)

H00001 to H99999 AISI and SAE H-steels

J00001 to J99999 Cast steels (except tool steels)

K00001 to K99999 Miscellaneous steels and ferrous alloys

L00001 to L99999 Low-melting metals and alloys

M00001 to M99999 Miscellaneous nonferrous metals and alloys

N00001 to N99999 Nickel and nickel alloys

P00001 to P99999 Precious metals and alloys

R00001 to R99999 Reactive and refractory metals and alloys

S00001 to S99999 Heat and corrosion resistant (stainless) steels

T00001 to T99999 Tool steels, wrought and cast

W00001 to W99999 Welding filler metals

Z00001 to Z99999 Zinc and zinc alloys
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Table 1. AISI and SAE Numbers and Their Corresponding UNS Numbers for 
Plain Carbon, Alloy, and Tool Steels

AISI-SAE
Numbers

UNS
Numbers

AISI-SAE
Numbers

UNS
Numbers

AISI-SAE
Numbers

UNS
Numbers

AISI-SAE
Numbers

UNS
Numbers

Plain Carbon Steels

1005 G10050 1030 G10300 1070 G10700 1566 G15660
1006 G10060 1035 G10350 1078 G10780 1110 G11100
1008 G10080 1037 G10370 1080 G10800 1117 G11170
1010 G10100 1038 G10380 1084 G10840 1118 G11180
1012 G10120 1039 G10390 1086 G10860 1137 G11370
1015 G10150 1040 G10400 1090 G10900 1139 G11390
1016 G10160 1042 G10420 1095 G10950 1140 G11400
1017 G10170 1043 G10430 1513 G15130 1141 G11410
1018 G10180 1044 G10440 1522 G15220 1144 G11440
1019 G10190 1045 G10450 1524 G15240 1146 G11460
1020 G10200 1046 G10460 1526 G15260 1151 G11510
1021 G10210 1049 G10490 1527 G15270 1211 G12110
1022 G10220 1050 G10500 1541 G15410 1212 G12120
1023 G10230 1053 G10530 1548 G15480 1213 G12130
1025 G10250 1055 G10550 1551 G15510 1215 G12150
1026 G10260 1059 G10590 1552 G15520 12L14 G12144
1029 G10290 1060 G10600 1561 G15610 … …

Alloy Steels

1330 G13300 4150 G41500 5140 G51400 8642 G86420
1335 G13350 4161 G41610 5150 G51500 8645 G86450
1340 G13400 4320 G43200 5155 G51550 8655 G86550
1345 G13450 4340 G43400 5160 G51600 8720 G87200
4023 G40230 E4340 G43406 E51100 G51986 8740 G87400
4024 G40240 4615 G46150 E52100 G52986 8822 G88220
4027 G40270 4620 G46200 6118 G61180 9260 G92600
4028 G40280 4626 G46260 6150 G61500 50B44 G50441
4037 G40370 4720 G47200 8615 G86150 50B46 G50461
4047 G40470 4815 G48150 8617 G86170 50B50 G50501
4118 G41180 4817 G48170 8620 G86200 50B60 G50601
4130 G41300 4820 G48200 8622 G86220 51B60 G51601
4137 G41370 5117 G51170 8625 G86250 81B45 G81451
4140 G41400 5120 G51200 8627 G86270 94B17 G94171
4142 G41420 5130 G51300 8630 G86300 94B30 G94301
4145 G41450 5132 G51320 8637 G86370 … …
4147 G41470 5135 G51350 8640 G86400 … …

Tool Steels (AISI and UNS Only)

M1 T11301 T6 T12006 A6 T30106 P4 T51604
M2 T11302 T8 T12008 A7 T30107 P5 T51605
M4 T11304 T15 T12015 A8 T30108 P6 T51606
M6 T11306 H10 T20810 A9 T30109 P20 T51620
M7 T11307 H11 T20811 A10 T30110 P21 T51621

M10 T11310 H12 T20812 D2 T30402 F1 T60601
M3-1 T11313 H13 T20813 D3 T30403 F2 T60602
M3-2 T11323 H14 T20814 D4 T30404 L2 T61202
M30 T11330 H19 T20819 D5 T30405 L3 T61203
M33 T11333 H21 T20821 D7 T30407 L6 T61206
M34 T11334 H22 T20822 O1 T31501 W1 T72301
M36 T11336 H23 T20823 O2 T31502 W2 T72302
M41 T11341 H24 T20824 O6 T31506 W5 T72305
M42 T11342 H25 T20825 O7 T31507 CA2 T90102
M43 T11343 H26 T20826 S1 T41901 CD2 T90402
M44 T11344 H41 T20841 S2 T41902 CD5 T90405
M46 T11346 H42 T20842 S4 T41904 CH12 T90812
M47 T11347 H43 T20843 S5 T41905 CH13 T90813
T1 T12001 A2 T30102 S6 T41906 CO1 T91501
T2 T12002 A3 T30103 S7 T41907 CS5 T91905
T4 T12004 A4 T30104 P2 T51602 … …
T5 T12005 A5 T30105 P3 T51603 … …
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Standard Steel Classification.—Wrought steels may be classified systematically into
groups based on some common characteristic, such as chemical composition, deoxidation
practice, finishing method, or product form. Chemical composition is the most often used
basis for identifying and assigning standard designations to wrought steels. Although car-
bon is the principal hardening and strengthening element in steel, no single element con-
trols the steel’s characteristics. The combined effect of several elements influences
response to heat treatment, hardness, strength, microstructure, corrosion resistance, and
formability. The standard steels can be divided broadly into three main groups: carbon
steels, alloy steels, and stainless steels.

Carbon Steels: A steel qualifies as a carbon steel when its manganese content is limited
to 1.65 per cent (max), silicon to 0.60 per cent (max), and copper to 0.60 per cent (max).
With the exception of deoxidizers and boron when specified, no other alloying elements
are added intentionally, but they may be present as residuals. If any of these incidental ele-
ments are considered detrimental for special applications, maximum acceptable limits
may be specified. In contrast to most alloy steels, carbon steels are most often used without
a final heat treatment; however, they may be annealed, normalized, case hardened, or
quenched and tempered to enhance fabrication or mechanical properties. Carbon steels
may be killed, semikilled, capped, or rimmed, and, when necessary, the method of deoxi-
dation may be specified.

Alloy Steels: Alloy steels comprise not only those grades that exceed the element content
limits for carbon steel, but also any grade to which different elements than used for carbon
steel are added, within specific ranges or specific minimums, to enhance mechanical prop-
erties, fabricating characteristics, or any other attribute of the steel. By this definition, alloy
steels encompass all steels other than carbon steels; however, by convention, steels con-
taining over 3.99 per cent chromium are considered “special types” of alloy steel, which
include the stainless steels and many of the tool steels.

In a technical sense, the term alloy steel is reserved for those steels that contain a modest
amount of alloying elements (about 1–4 per cent) and generally depend on thermal treat-
ments to develop specific mechanical properties. Alloy steels are always killed, but special
deoxidation or melting practices, including vacuum, may be specified for special critical
applications. Alloy steels generally require additional care throughout their manufacture,
because they are more sensitive to thermal and mechanical operations.

Stainless Steels: Stainless steels are high-alloy steels and have superior corrosion resis-
tance to the carbon and conventional low-alloy steels because they contain relatively large
amounts of chromium. Although other elements may also increase corrosion resistance,
their usefulness in this respect is limited.

Stainless steels generally contain at least 10 per cent chromium, with or without other
elements. It has been customary in the United States, however, to include in the stainless
steel classification those steels that contain as little as 4 per cent chromium. Together, these
steels form a family known as the stainless and heat-resisting steels, some of which possess
very high strength and oxidation resistance. Few, however, contain more than 30 per cent
chromium or less than 50 per cent iron.

In the broadest sense, the standard stainless steels can be divided into three groups based
on their structures: austenitic, ferritic, and martensitic. In each of the three groups, there is
one composition that represents the basic, general-purpose alloy. All other compositions
are derived from the basic alloy, with specific variations in composition being made to
obtain very specific properties.

The austenitic grades are nonmagnetic in the annealed condition, although some may
become slightly magnetic after cold working. They can be hardened only by cold working,
and not by heat treatment, and combine outstanding corrosion and heat resistance with
good mechanical properties over a wide temperature range. The austenitic grades are fur-
ther classified into two subgroups: the chromium–nickel types and the less frequently used
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Table 2. Composition of AISI-SAE Standard Carbon Steels

AISI-SAE
No.

UNS
No.

Composition(%)a

C Mn P(max)b S(max)b

Nonresulfurized Grades — 1 per cent Mn (max)

1005c G10050 0.06 max 0.35 max 0.040 0.050

1006c G10060 0.08 max 0.25–0.40 0.040 0.050

1008 G10080 0.10 max 0.30–0.50 0.040 0.050

1010 G10100 0.08–0.13 0.30–0.60 0.040 0.050

1012 G10120 0.10–0.15 0.30–0.60 0.040 0.050

1015 G10150 0.13–0.18 0.30–0.60 0.040 0.050

1016 G10160 0.13–0.18 0.60–0.90 0.040 0.050

1017 G10170 0.15–0.20 0.30–0.60 0.040 0.050

1018 G10180 0.15–0.20 0.60–0.90 0.040 0.050

1019 G10190 0.15–0.20 0.70–1.00 0.040 0.050

1020 G10200 0.18–0.23 0.30–0.60 0.040 0.050

1021 G10210 0.18–0.23 0.60–0.90 0.040 0.050

1022 G10220 0.18–0.23 0.70–1.00 0.040 0.050

1023 G10230 0.20–0.25 0.30–0.60 0.040 0.050

1025 G10250 0.22–0.28 0.30–0.60 0.040 0.050

1026 G10260 0.22–0.28 0.60–0.90 0.040 0.050

1029 G10290 0.25–0.31 0.60–0.90 0.040 0.050

1030 G10300 0.28–0.34 0.60–0.90 0.040 0.050

1035 G10350 0.32–0.38 0.60–0.90 0.040 0.050

1037 G10370 0.32–0.38 0.70–1.00 0.040 0.050

1038 G10380 0.35–0.42 0.60–0.90 0.040 0.050

1039 G10390 0.37–0.44 0.70–1.00 0.040 0.050

1040 G10400 0.37–0.44 0.60–0.90 0.040 0.050

1042 G10420 0.40–0.47 0.60–0.90 0.040 0.050

1043 G10430 0.40–0.47 0.70–1.00 0.040 0.050

1044 G10440 0.43–0.50 0.30–0.60 0.040 0.050

1045 G10450 0.43–0.50 0.60–0.90 0.040 0.050

1046 G10460 0.43–0.50 0.70–1.00 0.040 0.050

1049 G10490 0.46–0.53 0.60–0.90 0.040 0.050

1050 G10500 0.48–0.55 0.60–0.90 0.040 0.050

1053 G10530 0.48–0.55 0.70–1.00 0.040 0.050

1055 G10550 0.50–0.60 0.60–0.90 0.040 0.050

1059c G10590 0.55–0.65 0.50–0.80 0.040 0.050

1060 G10600 0.55–0.65 0.60–0.90 0.040 0.050

1064c G10640 0.60–0.70 0.50–0.80 0.040 0.050

1065c G10650 0.60–0.70 0.60–0.90 0.040 0.050

1069c G10690 0.65–0.75 0.40–0.70 0.040 0.050

1070 G10700 0.65–0.75 0.60–0.90 0.040 0.050

1078 G10780 0.72–0.85 0.30–0.60 0.040 0.050

1080 G10800 0.75–0.88 0.60–0.90 0.040 0.050

1084 G10840 0.80–0.93 0.60–0.90 0.040 0.050

1086c G10860 0.80–0.93 0.30–0.50 0.040 0.050

1090 G10900 0.85–0.98 0.60–0.90 0.040 0.050

1095 G10950 0.90–1.03 0.30–0.50 0.040 0.050
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Nonresulfurized Grades — Over 1 per cent Mn

1513 G15130 0.10–0.16 1.10–1.40 0.040 0.050

1522 G15220 0.18–0.24 1.10–1.40 0.040 0.050

1524 G15240 0.19–0.25 1.35–1.65 0.040 0.050

1526 G15260 0.22–0.29 1.10–1.40 0.040 0.050

1527 G15270 0.22–0.29 1.20–1.50 0.040 0.050

1541 G15410 0.36–0.44 1.35–1.65 0.040 0.050

1548 G15480 0.44–0.52 1.10–1.40 0.040 0.050

1551 G15510 0.45–0.56 0.85–1.15 0.040 0.050

1552 G15520 0.47–0.55 1.20–1.50 0.040 0.050

1561 G15610 0.55–0.65 0.75–1.05 0.040 0.050

1566 G15660 0.60–0.71 0.85–1.15 0.040 0.050

Free-Machining Grades — Resulfurized

1110 G11100 0.08–0.13 0.30–0.60 0.040 0.08–0.13

1117 G11170 0.14–0.20 1.00–1.30 0.040 0.08–0.13

1118 G11180 0.14–0.20 1.30–1.60 0.040 0.08–0.13

1137 G11370 0.32–0.39 1.35–1.65 0.040 0.08–0.13

1139 G11390 0.35–0.43 1.35–1.65 0.040 0.13–0.20

1140 G11400 0.37–0.44 0.70–1.00 0.040 0.08–0.13

1141 G11410 0.37–0.45 1.35–1.65 0.040 0.08–0.13

1144 G11440 0.40–0.48 1.35–1.65 0.040 0.24–0.33

1146 G11460 0.42–0.49 0.70–1.00 0.040 0.08–0.13

1151 G11510 0.48–0.55 0.70–1.00 0.040 0.08–0.13

Free-Machining Grades — Resulfurized and Rephosphorized

1211 G12110 0.13 max 0.60–0.90 0.07–0.12 0.10–0.15

1212 G12120 0.13 max 0.70–1.00 0.07–0.12 0.16–0.23

1213 G12130 0.13 max 0.70–1.00 0.07–0.12 0.24–0.33

1215 G12150 0.09 max 0.75–1.05 0.04–0.09 0.26–0.35

12L14d G12144 0.15 max 0.85–1.15 0.04–0.09 0.26–0.35

a The following notes refer to boron, copper, lead, and silicon additions: Boron: Standard killed car-
bon steels, which are generally fine grain, may be produced with a boron treatment addition to
improve hardenability. Such steels are produced to a range of 0.0005–0.003 per cent B. These steels
are identified by inserting the letter “B” between the second and third numerals of the AISI or SAE
number, e.g., 10B46. Copper: When copper is required, 0.20 per cent (min) is generally specified.
Lead: Standard carbon steels can be produced with a lead range of 0.15–0.35 per cent to improve
machinability. Such steels are identified by inserting the letter “L” between the second and third
numerals of the AISI or SAE number, e.g., 12L15 and 10L45. Silicon: It is not common practice to
produce the 12XX series of resulfurized and rephosphorized steels to specified limits for silicon
because of its adverse effect on machinability. When silicon ranges or limits are required for resulfur-
ized or nonresulfurized steels, however, these values apply: a range of 0.08 per cent Si for Si max up to
0.15 per cent inclusive, a range of 0.10 per cent Si for Si max over 0.15 to 0.20 per cent inclusive, a
range of 0.15 per cent Si for Si max over 0.20 to 0.30 per cent inclusive, and a range of 0.20 per cent Si
for Si max over 0.30 to 0.60 per cent inclusive. Example: Si max is 0.25 per cent, range is 0.10–0.25
per cent. 

b Values given are maximum percentages, except where a range of values is given. 
c Standard grades for wire rods and wire only. 
d 0.15–0.35 per cent Pb. 

Table 2. (Continued) Composition of AISI-SAE Standard Carbon Steels

AISI-SAE
No.

UNS
No.

Composition(%)a

C Mn P(max)b S(max)b
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chromium–manganese–low–nickel types. The basic composition in the chromium–nickel
group is widely known as 18–8 (Cr–Ni) and is the general-purpose austenitic grade. This
grade is the basis for over 20 modifications that can be characterized as follows: the chro-
mium–nickel ratio has been modified to change the forming characteristics; the carbon
content has been decreased to prevent intergranular corrosion; the elements niobium or
titanium have been added to stabilize the structure; or molybdenum has been added or the
chromium and nickel contents have been increased to improve corrosion or oxidation
resistance.

The standard ferritic grades are always magnetic and contain chromium but no nickel.
They can be hardened to some extent by cold working, but not by heat treatment, and they
combine corrosion and heat resistance with moderate mechanical properties and decora-
tive appeal. The ferritic grades generally are restricted to a narrower range of corrosive
conditions than the austenitic grades. The basic ferritic grade contains 17 per cent chro-
mium. In this series, there are free-machining modifications and grades with increased
chromium content to improve scaling resistance. Also in this ferritic group is a 12 per cent
chromium steel (the basic composition of the martensitic group) with other elements, such
as aluminum or titanium, added to prevent hardening.

The standard martensitic grades are magnetic and can be hardened by quenching and
tempering. They contain chromium and, with two exceptions, no nickel. The basic marten-
sitic grade normally contains 12 per cent chromium. There are more than 10 standard com-
positions in the martensitic series; some are modified to improve machinability and others
have small additions of nickel or other elements to improve the mechanical properties or
their response to heat treatment. Still others have greatly increased carbon content, in the
tool steel range, and are hardenable to the highest levels of all the stainless steels. The mar-
tensitic grades are excellent for service in mild environments such as the atmosphere,
freshwater, steam, and weak acids, but are not resistant to severely corrosive solutions.

Standard Steel Numbering System.—The most widely used systems for identifying
wrought carbon, low–alloy, and stainless steels are based on chemical composition, and
are those of the American Iron and Steel Institute (AISI) and the Society of Automotive
Engineers (SAE). These systems are almost identical, but they are carefully coordinated.
The standard steels so designated have been developed cooperatively by producers and
users and have been found through long experience to cover most of the wrought ferrous
metals used in automotive vehicles and related equipment. These designations, however,
are not specifications, and should not be used for purchasing unless accompanied by sup-
plementary information necessary to describe commercially the product desired. Engi-
neering societies, associations, and institutes whose members make, specify, or purchase
steel products publish standard specifications, many of which have become well known
and respected. The most comprehensive and widely used specifications are those pub-
lished by the American Society for Testing and Materials (ASTM). The U.S. government
and various companies also publish their own specification for steel products to serve their
own special procurement needs. The Unified Numbering System (UNS) for metals and
alloys is also used to designate steels (see pages 403 and  405).

The numerical designation system used by both AISI and SAE for wrought carbon, alloy,
and stainless steels is summarized in Table 3 . Table 2 lists the compositions of the standard
carbon steels; Table 4 lists the standard low–alloy steel compositions; and Table 5 includes
the typical compositions of the standard stainless steels.
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Table 3. AISI-SAE System of Designating Carbon and Alloy Steels
AISI-SAE Designationa Type of Steel and Nominal Alloy Content (%)

Carbon Steels

10xx Plain Carbon (Mn 1.00% max.)

11xx Resulfurized

12xx Resulfurized and Rephosphorized

15xx Plain Carbon (Max. Mn range 1.00 to 1.65%)

Manganese Steels

13xx Mn 1.75

Nickel Steels

23xx Ni 3.50

25xx Ni 5.00

Nickel–Chromium Steels

31xx Ni 1.25; Cr 0.65 and 0.80

32xx Ni 1.75; Cr 1.07

33xx Ni 3.50; Cr 1.50 and 1.57

34xx Ni 3.00; Cr 0.77

Molybdenum Steels

40xx Mo 0.20 and 0.25

44xx Mo 0.40 and 0.52

Chromium–Molybdenum Steels

41xx Cr 0.50, 0.80, and 0.95; Mo 0.12, 0.20, 0.25, and 0.30

Nickel–Chromium–Molybdenum Steels

43xx Ni 1.82; Cr 0.50 and 0.80; Mo 0.25

43BVxx Ni 1.82; Cr 0.50; Mo 0.12 and 0.35; V 0.03 min.

47xx Ni 1.05; Cr 0.45; Mo 0.20 and 0.35

81xx Ni 0.30; Cr 0.40; Mo 0.12

86xx Ni 0.55; Cr 0.50; Mo 0.20

87xx Ni 0.55; Cr 0.50; Mo 0.25

88xx Ni 0.55; Cr 0.50; Mo 0.35

93xx Ni 3.25; Cr 1.20; Mo 0.12

94xx Ni 0.45; Cr 0.40; Mo 0.12

97xx Ni 0.55; Cr 0.20; Mo 0.20

98xx Ni 1.00; Cr 0.80; Mo 0.25

Nickel–Molybdenum Steels

46xx Ni 0.85 and 1.82; Mo 0.20 and 0.25

48xx Ni 3.50; Mo 0.25

Chromium Steels

50xx Cr 0.27, 0.40, 0.50, and 0.65

51xx Cr 0.80, 0.87, 0.92, 0.95, 1.00, and 1.05

50xxx Cr 0.50; C 1.00 min.

51xxx Cr 1.02; C 1.00 min.

52xxx Cr 1.45; C 1.00 min.

Chromium–Vanadium Steels

61xx Cr 0.60, 0.80, and 0.95; V 0.10 and 0.15 min

Tungsten–Chromium Steels

72xx W 1.75; Cr 0.75

Silicon–Manganese Steels

92xx Si 1.40 and 2.00; Mn 0.65, 0.82, and 0.85; Cr 0.00 and 0.65

High–Strength Low–Alloy Steels

9xx Various SAE grades

xxBxx B denotes boron steels

xxLxx L denotes leaded steels

AISI SAE Stainless Steels

2xx 302xx Chromium–Manganese–Nickel Steels

3xx 303xx Chromium–Nickel Steels

4xx 514xx Chromium Steels

5xx 515xx Chromium Steels

a xx in the last two digits of the carbon and low–alloy designations (but not the stainless steels) indi-
cates that the carbon content (in hundredths of a per cent) is to be inserted. 
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Table 4. Compositions of AISI-SAE Standard Alloy Steels 

AISI-SAE
No. UNS No.

Composition (%)a,b

C Mn P (max) S (max) Si Ni Cr Mo

1330 G13300 0.28–0.33 1.60–1.90 0.035 0.040 0.15–0.35 … … …
1335 G13350 0.33–0.38 1.60–1.90 0.035 0.040 0.15–0.35 … … …
1340 G13400 0.38–0.43 1.60–1.90 0.035 0.040 0.15–0.35 … … …
1345 G13450 0.43–0.48 1.60–1.90 0.035 0.040 0.15–0.35 … … …
4023 G40230 0.20–0.25 0.70–0.90 0.035 0.040 0.15–0.35 … … 0.20–0.30
4024 G40240 0.20–0.25 0.70–0.90 0.035 0.035–0.050 0.15–0.35 … … 0.20–0.30
4027 G40270 0.25–0.30 0.70–0.90 0.035 0.040 0.15–0.35 … … 0.20–0.30
4028 G40280 0.25–0.30 0.70–0.90 0.035 0.035–0.050 0.15–0.35 … … 0.20–0.30
4037 G40370 0.35–0.40 0.70–0.90 0.035 0.040 0.15–0.35 … … 0.20–0.30
4047 G40470 0.45–0.50 0.70–0.90 0.035 0.040 0.15–0.35 … … 0.20–0.30
4118 G41180 0.18–0.23 0.70–0.90 0.035 0.040 0.15–0.35 … 0.40–0.60 0.08–0.15
4130 G41300 0.28–0.33 0.40–0.60 0.035 0.040 0.15–0.35 … 0.80–1.10 0.15–0.25
4137 G41370 0.35–0.40 0.70–0.90 0.035 0.040 0.15–0.35 … 0.80–1.10 0.15–0.25
4140 G41400 0.38–0.43 0.75–1.00 0.035 0.040 0.15–0.35 … 0.80–1.10 0.15–0.25
4142 G41420 0.40–0.45 0.75–1.00 0.035 0.040 0.15–0.35 … 0.80–1.10 0.15–0.25
4145 G41450 0.43–0.48 0.75–1.00 0.035 0.040 0.15–0.35 … 0.80–1.10 0.15–0.25
4147 G41470 0.45–0.50 0.75–1.00 0.035 0.040 0.15–0.35 … 0.80–1.10 0.15–0.25
4150 G41500 0.48–0.53 0.75–1.00 0.035 0.040 0.15–0.35 … 0.80–1.10 0.15–0.25
4161 G41610 0.56–0.64 0.75–1.00 0.035 0.040 0.15–0.35 … 0.70–0.90 0.25–0.35
4320 G43200 0.17–0.22 0.45–0.65 0.035 0.040 0.15–0.35 1.65–2.00 0.40–0.60 0.20–0.30
4340 G43400 0.38–0.43 0.60–0.80 0.035 0.040 0.15–0.35 1.65–2.00 0.70–0.90 0.20–0.30

E4340c G43406 0.38–0.43 0.65–0.85 0.025 0.025 0.15–0.35 1.65–2.00 0.70–0.90 0.20–0.30
4615 G46150 0.13–0.18 0.45–0.65 0.035 0.040 0.15–0.35 1.65–2.00 … 0.20–0.30
4620 G46200 0.17–0.22 0.45–0.65 0.035 0.040 0.15–0.35 1.65–2.00 … 0.20–0.30
4626 G46260 0.24–0.29 0.45–0.65 0.035 0.040 0.15–0.35 0.70–1.00 … 0.15–0.25
4720 G47200 0.17–0.22 0.50–0.70 0.035 0.040 0.15–0.35 0.90–1.20 0.35–0.55 0.15–0.25
4815 G48150 0.13–0.18 0.40–0.60 0.035 0.040 0.15–0.35 3.25–3.75 … 0.20–0.30
4817 G48170 0.15–0.20 0.40–0.60 0.035 0.040 0.15–0.35 3.25–3.75 … 0.20–0.30
4820 G48200 0.18–0.23 0.50–0.70 0.035 0.040 0.15–0.35 3.25–3.75 … 0.20–0.30
5117 G51170 0.15–0.20 0.70–0.90 0.035 0.040 0.15–0.35 … 070–0.90 …
5120 G51200 0.17–0.22 0.70–0.90 0.035 0.040 0.15–0.35 … 0.70–0.90 …
5130 G51300 0.28–0.33 0.70–0.90 0.035 0.040 0.15–0.35 … 0.80–1.10 …
5132 G51320 0.30–0.35 0.60–0.80 0.035 0.040 0.15–0.35 … 0.75–1.00 …
5135 G51350 0.33–0.38 0.60–0.80 0.035 0.040 0.15–0.35 … 0.80–1.05 …
5140 G51400 0.38–0.43 0.70–0.90 0.035 0.040 0.15–0.35 … 0.70–0.90 …
5150 G51500 0.48–0.53 0.70–0.90 0.035 0.040 0.15–0.35 … 0.70–0.90 …
5155 G51550 0.51–0.59 0.70–0.90 0.035 0.040 0.15–0.35 … 0.70–0.90 …
5160 G51600 0.56–0.64 0.75–1.00 0.035 0.040 0.15–0.35 … 0.70–0.90 …
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Source:American Iron and Steel Institute: Steel Products Manual.

E51100c G51986 0.98–1.10 0.25–0.45 0.025 0.025 0.15–0.35 … 0.90–1.15 …
E52100c G52986 0.98–1.10 0.25–0.45 0.025 0.025 0.15–0.35 … 1.30–1.60 …

6118 G61180 0.16–0.21 0.50–0.70 0.035 0.040 0.15–0.35 … 0.50–0.70 0.10–0.15 V
6150 G61500 0.48–0.53 0.70–0.90 0.035 0.040 0.15–0.35 … 0.80–1.10 0.15 V min
8615 G86150 0.13–0.18 0.70–0.90 0.035 0.040 0.15–0.35 0.40–0.70 0.40–0.60 0.15–0.25
8617 G86170 0.15–0.20 0.70–0.90 0.035 0.040 0.15–0.35 0.40–0.70 0.40–0.60 0.15–0.25
8620 G86200 0.18–0.23 0.70–0.90 0.035 0.040 0.15–0.35 0.40–0.70 0.40–0.60 0.15–0.25
8622 G86220 0.20–0.25 0.70–0.90 0.035 0.040 0.15–0.35 0.40–0.70 0.40–0.60 0.15–0.25
8625 G86250 0.23–0.28 0.70–0.90 0.035 0.040 0.15–0.35 0.40–0.70 0.40–0.60 0.15–0.25
8627 G86270 0.25–0.30 0.70–0.90 0.035 0.040 0.15–0.35 0.40–0.70 0.40–0.60 0.15–0.25
8630 G86300 0.28–0.33 0.70–0.90 0.035 0.040 0.15–0.35 0.40–0.70 0.40–0.60 0.15–0.25
8637 G86370 0.35–0.40 0.75–1.00 0.035 0.040 0.15–0.35 0.40–0.70 0.40–0.60 0.15–0.25
8640 G86400 0.38–0.43 0.75–1.00 0.035 0.040 0.15–0.35 0.40–0.70 0.40–0.60 0.15–0.25
8642 G86420 0.40–0.45 0.75–1.00 0.035 0.040 0.15–0.35 0.40–0.70 0.40–0.60 0.15–0.25
8645 G86450 0.43–0.48 0.75–1.00 0.035 0.040 0.15–0.35 0.40–0.70 0.40–0.60 0.15–0.25
8655 G86550 0.51–0.59 0.75–1.00 0.035 0.040 0.15–0.35 0.40–0.70 0.40–0.60 0.15–0.25
8720 G87200 0.18–0.23 0.70–0.90 0.035 0.040 0.15–0.35 0.40–0.70 0.40–0.60 0.20–0.30
8740 G87400 0.38–0.43 0.75–1.00 0.035 0.040 0.15–0.35 0.40–0.70 0.40–0.60 0.20–0.30
8822 G88220 0.20–0.25 0.75–1.00 0.035 0.040 0.15–0.35 0.40–0.70 0.40–0.60 0.30–0.40
9260 G92600 0.56–0.64 0.75–1.00 0.035 0.040 1.80–2.20 … … …

Standard Boron Gradesd

50B44 G50441 0.43–0.48 0.75–1.00 0.035 0.040 0.15–0.35 … 0.40–0.60 …
50B46 G50461 0.44–0.49 0.75–1.00 0.035 0.040 0.15–0.35 … 0.20–0.35 …
50B50 G50501 0.48–0.53 0.75–1.00 0.035 0.040 0.15–0.35 … 0.40–0.60 …
50B60 G50601 0.56–0.64 0.75–1.00 0.035 0.040 0.15–0.35 … 0.40–0.60 …
51B60 G51601 0.56–0.64 0.75–1.00 0.035 0.040 0.15–0.35 … 0.70–0.90 …
81B45 G81451 0.43–0.48 0.75–1.00 0.035 0.040 0.15–0.35 0.20–0.40 0.35–0.55 0.08–0.15
94B17 G94171 0.15–0.20 0.75–1.00 0.035 0.040 0.15–0.35 0.30–0.60 0.30–0.50 0.08–0.15
94B30 G94301 0.28–0.33 0.75–1.00 0.035 0.040 0.15–0.35 0.30–0.60 0.30–0.50 0.08–0.15

a Small quantities of certain elements are present that are not specified or required. These incidental elements may be present to the following maximum amounts: Cu,
0.35 per cent; Ni, 0.25 per cent; Cr, 0.20 per cent; and Mo, 0.06 per cent. 

b Standard alloy steels can also be produced with a lead range of 0.15–0.35 per cent. Such steels are identified by inserting the letter “L” between the second and third
numerals of the AISI or SAE number, e.g., 41L40. 

c Electric furnace steel. 
d 0.0005–0.003 per cent B. 

Table 4. (Continued) Compositions of AISI-SAE Standard Alloy Steels 

AISI-SAE
No. UNS No.

Composition (%)a,b

C Mn P (max) S (max) Si Ni Cr Mo
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Table 5. Standard Stainless Steels — Typical Compositions 
AISI
Type

(UNS) Typical Composition (%)

AISI
Type

(UNS) Typical Composition (%)

Austenitic

201
(S20100)

16–18 Cr, 3.5–5.5 Ni,  0.15 C, 5.5–7.5 
Mn, 0.75 Si, 0.060 P, 0.030 S, 0.25 N

310
(S31000)

24–26 Cr, 19–22 Ni, 0.25 C, 2.0 Mn, 1.5 
Si, 0.045 P, 0.030 S

202
(S20200)

17–19 Cr, 4–6 Ni, 0.15 C, 7.5–10.0 Mn, 
0.75 Si, 0.060 P, 0.030 S, 0.25 N

310S
(S31008)

24–26 Cr, 19–22 Ni, 0.08 C, 2.0 Mn, 1.5 
Si, 0.045 P, 0.30 S

205
(S20500)

16.5–18 Cr, 1–1.75 Ni, 0.12–0.25 C, 14–
15.5 Mn, 0.75 Si, 0.060 P, 0.030 S,
0.32–0.40 N

314
(S31400)

23–26 Cr, 19–22 Ni, 0.25 C, 2.0 Mn, 
1.5–3.0 Si, 0.045 P, 0.030 S

301
(S30100)

16–18 Cr, 6–8 Ni, 0.15 C, 2.0 Mn, 0.75 
Si, 0.045 P, 0.030 S

316
(S31600)

16–18 Cr, 10–14 Ni, 0.08 C, 2.0 Mn, 
0.75 Si, 0.045 P, 0.030 S, 2.0–3.0 Mo, 
0.10 N

302
(S30200)

17–19 Cr, 8–10 Ni, 0.15 C, 2.0 Mn, 0.75 
Si, 0.045 P, 0.030 S, 0.10 N

316L
(S31603)

16–18 Cr, 10–14 Ni, 0.03 C, 2.0 Mn, 
0.75 Si, 0.045 P, 0.030 S, 2.0–3.0 Mo, 
0.10 N

302B
(S30215)

17–19 Cr, 8–10 Ni, 0.15 C, 2.0 Mn, 2.0–
3.0 Si, 0.045 P, 0.030 S

316F
(S31620)

16–18 Cr, 10–14 Ni, 0.08 C, 2.0 Mn, 1.0 
Si, 0.20 P, 0.10 S min, 1.75–2.50 Mo

303
(S30300)

17–19 Cr, 8–10 Ni, 0.15 C, 2.0 Mn, 1.0 
Si, 0.20 P, 0.015 S min, 0.60 Mo 
(optional)

316N
(S31651)

16–18 Cr, 10–14 Ni, 0.08 C, 2.0 Mn, 
0.75 Si, 0.045 P, 0.030 S, 2–3 Mo, 
0.10–0.16 N

303Se
(S30323)

17–19 Cr, 8–10 Ni, 0.15 C, 2.0 Mn, 1.0 
Si, 0.20 P, 0.060 S, 0.15 Se min

317
(S31700)

18–20 Cr, 11–15 Ni, 0.08 C, 2.0 Mn, 
0.75 Si, 0.045 P, 0.030 S, 3.0–4.0 Mo, 
0.10 N max

304
(S30400)

18–20 Cr, 8–10.50 Ni, 0.08 C, 2.0 Mn, 
0.75 Si, 0.045 P, 0.030 S, 0.10 N

317L
(S31703)

18–20 Cr, 11–15 Ni, 0.03 C, 2.0 Mn, 
0.75 Si, 0.045 P, 0.030 S, 3–4 Mo, 0.10 
N max

304L
(S30403)

18–20 Cr, 8–12 Ni, 0.03 C, 2.0 Mn, 0.75 
Si, 0.045 P, 0.030 S, 0.10 N

321
(S32100)

17–19 Cr, 9–12 Ni, 0.08 C, 2.0 Mn, 0.75 
Si, 0.045 P, 0.030 S [Ti, 5(C + N) min, 
0.70 max], 0.10 max

304 Cu
(S30430)

17–19 Cr, 8–10 Ni, 0.08 C, 2.0 Mn, 0.75 
Si, 0.045 P, 0.030 S, 3–4 Cu

329
(S32900)

23–28 Cr, 2.5–5 Ni, 0.08 C, 2.0 Mn, 0.75 
Si, 0.040 P, 0.030 S, 1–2 Mo

304N
(S30451)

18–20 Cr, 8–10.5 Ni, 0.08 C, 2.0 Mn, 
0.75 Si, 0.045 P, 0.030 S, 0.10–0.16 N

330
(N08330)

17–20 Cr, 34–37 Ni, 0.08 C, 2.0 Mn, 
0.75–1.50 Si, 0.040 P, 0.030 S

305
(S30500)

17–19 Cr, 10.50–13 Ni, 0.12 C, 2.0 Mn, 
0.75 Si, 0.045 P, 0.030 S

347
(S34700)

17–19 Cr, 9–13 Ni, 0.08 C, 2.0 Mn, 0.75 
Si, 0.045 P, 0.030 S (Nb + Ta, 10 × C 
min, 1 max)

308
(S30800)

19–21 Cr, 10–12 Ni, 0.08 C, 2.0 Mn, 1.0 
Si, 0.045 P, 0.030 S

348
(S34800)

17–19 Cr, 9–13 Ni, 0.08 C, 2.0 Mn, 0.75 
Si, 0.045 P, 0.030 S (Nb + Ta, 10 × C 
min, 1 max, but 0.10 Ta max), 0.20 Ca

309
(S30900)

22–24 Cr, 12–15 Ni, 0.20 C, 2.0 Mn, 1.0 
Si, 0.045 P, 0.030 S

384
(S38400)

15–17 Cr, 17–19 Ni, 0.08 C, 2.0 Mn, 1.0 
Si, 0.045 P, 0.030 S

309S
(S30908)

22–24 Cr, 12–15 Ni, 0.08 C, 2.0 Mn, 1.0 
Si, 0.045 P, 0.030 S … …

Ferritic

405
(S40500)

11.5–14.5 Cr, 0.08 C, 1.0 Mn, 1.0 Si, 
0.040 P, 0.030 S, 0.1–0.3 Al, 0.60 max 

430FSe
(S43023)

16–18 Cr, 0.12 C, 1.25 Mn, 1.0 Si, 0.060 
P, 0.060 S, 0.15 Se min

409
(S40900)

10.5–11.75 Cr, 0.08 C, 1.0 Mn, 1.0 Si, 
0.045 P, 0.030 S, 0.05 Ni (Ti 6 × C, but 
with 0.75 max)

434
(S43400)

16–18 Cr, 0.12 C, 1.0 Mn, 1.0 Si, 0.040 
P, 0.030 S, 0.75–1.25 Mo

429
(S42900)

14–16 Cr, 0.12 C, 1.0 Mn, 1.0 Si, 0.040 
P, 030 S, 0.75 Ni

436
(S43600)

16–18 Cr, 0.12 C, 1.0 Mn, 1.0 Si, 0.040 
P, 0.030 S, 0.75–1.25 Mo (Nb + Ta 5 × C 
min, 0.70 max)

430
(S43000)

16–18 Cr, 0.12 C, 1.0 Mn, 1.0 Si, 0.040 
P, 030 S, 0.75 Ni

442
(S44200)

18–23 Cr, 0.20 C, 1.0 Mn, 1.0 Si, 0.040 
P, 0.030 S

430F
(S43020)

16–18 Cr, 0.12 C, 1.25 Mn, 1.0 Si, 0.060 
P, 0.15 S min, 0.60 Mo (optional)

446
(S44600)

23–27 Cr, 0.20 C, 1.5 Mn, 1.0 Si, 0.040 
P, 0.030 S, 0.025 N
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Thermal Treatment of Steel.—Steel’s versatility is due to its response to thermal treat-
ment. Although most steel products are used in the as-rolled or un-heat-treated condition,
thermal treatment greatly increases the number of properties that can be obtained, because
at certain “critical temperatures” iron changes from one type of crystal structure to another.
This structural change, known as an allotropic transformation, is spontaneous and revers-
ible and can be made to occur by simply changing the temperature of the metal.

In steel, the transformation in crystal structure occurs over a range of temperatures,
bounded by lower and upper critical points. When heated, most carbon and low–alloy
steels have a critical temperature range between 1300 and 1600 degrees F. Steel above this
temperature, but below the melting range, has a crystalline structure known as austenite, in
which the carbon and alloying elements are dissolved in a solid solution. Below this critical
range, the crystal structure changes to a phase known as ferrite, which is capable of main-
taining only a very small percentage of carbon in solid solution. The remaining carbon
exists in the form of carbides, which are compounds of carbon and iron and certain of the
other alloying elements. Depending primarily on cooling rate, the carbides may be present
as thin plates alternating with the ferrite (pearlite); as spheroidal globular particles at ferrite
grain boundaries or dispersed throughout the ferrite; or as a uniform distribution of
extremely fine particles throughout a “ferritelike” phase, which has an acicular (needle-
like) appearance, named martensite. In some of the highly alloyed stainless steels the
addtion of certain elements stabilizes the austenite structure so that it persists even at very
low temperatures (austenitic grades). Other alloying elements can prevent the formation of
austenite entirely up to the melting point (ferritic grades).

Fundamentally, all steel heat treatments are intended to either harden or soften the metal.
They involve one or a series of operations in which the solid metal is heated and cooled
under specified conditions to develop a required structure and properties. In general, there
are five major forms of heat treatment for the standard steels that modify properties to suit
either fabrication or end use.

Quenching and Tempering: The primary hardening treatment for steel, quenching and
tempering, usually consists of three successive operations: heating the steel above the crit-
ical range and holding it at these temperatures for a sufficient time to approach a uniform
solid solution (austenitizing); cooling the steel rapidly by quenching in oil, water, brine,

Martensitic

403
(S40300)

11.5–13.0 Cr, 1.15 C, 1.0 Mn, 0.5 Si, 
0.040 P, 0.030 S, 0.60 Ni

420F
(S42020)

12–14 Cr, over 0.15 C, 1.25 Mn, 1.0 Si, 
0.060 P, 0.15 S min, 0.60 Mo max 
(optional)

410
(S41000)

11.5–13.5 Cr, 0.15 C, 1.0 Mn, 1.0 Si, 
0.040 P, 0.030 S, 0.75 Ni

422
(S42200)

11–12.50 Cr, 0.50–1.0 Ni, 0.20– 0.25 C, 
0.50–1.0 Mn, 0.50 Si, 0.025 P, 0.025 S, 
0.90–1.25 Mo, 0.20–0.30 V, 0.90–1.25 
W

414
(S41400)

11.5–13.5 Cr, 1.25–2.50 Ni, 0.15 C, 1.0 
Mn, 1.0 Si, 0.040 P, 0.030 S, 1.25–2.50 
Ni

431
(S41623)

15–17 Cr, 1.25–2.50 Ni, 0.20 C, 1.0 Mn, 
1.0 Si, 0.040 P, 0.030 S

416
(S41600)

12–14 Cr, 0.15 C, 1.25 Mn, 1.0 Si, 0.060 
P, 0.15 S min, 0.060 Mo (optional)

440A
(S44002)

16–18 Cr, 0.60–0.75 C, 1.0 Mn, 1.0 Si, 
0.040 P, 0.030 S, 0.75 Mo

416Se
(S41623)

12–14 Cr, 0.15 C, 1.25 Mn, 1.0 Si, 0.060 
P, 0.060 S, 0.15 Se min

440B
(S44003)

16–18 Cr, 0.75–0.95 C, 1.0 Mn, 1.0 Si, 
0.040 P, 0.030 S, 0.75 Mo

420
(S42000)

12–14 Cr, 0.15 C min, 1.0 Mn, 1.0 Si, 
0.040 P, 0.030 S

440C
(S44004)

16–18 Cr, 0.95–1.20 C, 1.0 Mn, 1.0 Si, 
0040 P, 0.030 S, 0.75 Mo

Heat-Resisting

501
(S50100)

4–6 Cr, 0.10 C min, 1.0 Mn, 1.0 Si, 
0.040 P, 0.030 S, 0.40–0.65 Mo

502
(S50200)

4–6 Cr, 0.10 C. 1.0 Mn, 1.0 Si, 0.040 P, 
0.030 S, 0.40–0.65 Mo

Table 5. (Continued) Standard Stainless Steels — Typical Compositions 
AISI
Type

(UNS) Typical Composition (%)

AISI
Type

(UNS) Typical Composition (%)
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salt or air to form a hard, usually brittle, metastable structure known as untempered or
white martensite; tempering the steel by reheating it to a temperature below the critical
range in order to obtain the required combination of hardness, strength, ductility, tough-
ness, and structural stability (tempered martensite).

Two well-known modifications of conventional quenching and tempering are “austem-
pering” and “martempering.” They involve interrupted quenching techniques (two or
more quenching media) that can be utilized for some steels to obtain desired structures and
properties while minimizing distortion and cracking problems that may occur in conven-
tional hardening.

Normalizing: The steel is heated to a temperature above the critical range, after which it
is cooled in still air to produce a generally fine pearlite structure. The purpose is to promote
uniformity of structure and properties after a hot-working operation such as forging or
extrusion. Steels may be placed in service in the normalized condition, or they may be sub-
jected to additional thermal treatment after subsequent machining or other operations.

Annealing: The steel is heated to a temperature above or within the critical range, then
cooled at a predetermined slow rate (usually in a furnace) to produce a coarse pearlite
structure. This treatment is used to soften the steel for improved machinability; to improve
or restore ductility for subsequent forming operations; or to eliminate the residual stresses
and microstructural effects of cold working.

Spheroidize Annealing: This is a special form of annealing that requires prolonged heat-
ing at an appropriate temperature followed by slow cooling in order to produce globular
carbides, a structure desirable for machining, cold forming, or cold drawing, or for the
effect it will have on subsequent heat treatment.

Stress Relieving: This process reduces internal stresses, caused by machining, cold
working, or welding, by heating the steel to a temperature below the critical range and
holding it there long enough to equalize the temperature throughout the piece.

See the sections HARDENING, TEMPERING, AND ANNEALING on page 479 and
HEAT-TREATING HIGH-SPEED STEELS on page 508 for more information about the
heat treatment of steels.
Hardness and Hardenability.—Hardenability is the property of steel that determines the
depth and distribution of hardness induced by quenching from the austenitizing tempera-
ture. Hardenability should not be confused with hardness as such or with maximum hard-
ness. Hardness is a measure of the ability of a metal to resist penetration as determined by
any one of a number of standard tests (Brinell, Rockwell, Vickers, etc). The maximum
attainable hardness of any steel depends solely on carbon content and is not significantly
affected by alloy content. Maximum hardness is realized only when the cooling rate in
quenching is rapid enough to ensure full transformation to martensite.

The as-quenched surface hardness of a steel part is dependent on carbon content and
cooling rate, but the depth to which a certain hardness level is maintained with given
quenching conditions is a function of its hardenability. Hardenability is largely determined
by the percentage of alloying elements in the steel; however, austenite grain size, time and
temperature during austenitizing, and prior microstructure also significantly affect the
hardness depth. The hardenability required for a particular part depends on size, design,
and service stresses. For highly stressed parts, the best combination of strength and tough-
ness is obtained by through hardening to a martensitic structure followed by adequate tem-
pering. There are applications, however, where through hardening is not necessary or even
desirable. For parts that are stressed principally at or near the surface, or in which wear
resistance or resistance to shock loading is anticipated, a shallow hardening steel with a
moderately soft core may be appropriate.

For through hardening of thin sections, carbon steels may be adequate; but as section size
increases, alloy steels of increasing hardenability are required. The usual practice is to
select the most economical grade that can meet the desired properties consistently. It is not
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good practice to utilize a higher alloy grade than necessary, because excessive use of alloy-
ing elements adds little to the properties and can sometimes induce susceptibility to
quenching cracks.

Quenching Media: The choice of quenching media is often a critical factor in the selec-
tion of steel of the proper hardenability for a particular application. Quenching severity can
be varied by selection of quenching medium, agitation control, and additives that improve
the cooling capability of the quenchant. Increasing the quenching severity permits the use
of less expensive steels of lower hardenability; however, consideration must also be given
to the amount of distortion that can be tolerated and the susceptibility to quench cracking.
In general, the more severe the quenchant and the less symmetrical the part being
quenched, the greater are the size and shape changes that result from quenching and the
greater is the risk of quench cracking. Consequently, although water quenching is less
costly than oil quenching, and water quenching steels are less expensive than those requir-
ing oil quenching, it is important to know that the parts being hardened can withstand the
resulting distortion and the possibility of cracking.

Oil, salt, and synthetic water-polymer quenchants are also used, but they often require
steels of higher alloy content and hardenability. A general rule for the selection of steel and
quenchant for a particular part is that the steel should have a hardenability not exceeding
that required by the severity of the quenchant selected. The carbon content of the steel
should also not exceed that required to meet specified hardness and strength, because
quench cracking susceptibility increases with carbon content.

The choice of quenching media is important in hardening, but another factor is agitation
of the quenching bath. The more rapidly the bath is agitated, the more rapidly heat is
removed from the steel and the more effective is the quench.

Hardenability Test Methods: The most commonly used method for determining harden-
ability is the end-quench test developed by Jominy and Boegehold, and described in detail
in both SAE J406 and ASTM A255. In this test a normalized 1-inch-round, approximately
4-inch-long specimen of the steel to be evaluated is heated uniformly to its austenitizing
temperature. The specimen is then removed from the furnace, placed in a jig, and immedi-
ately end quenched by a jet of room-temperature water. The water is played on the end face
of the specimen, without touching the sides, until the entire specimen has cooled. Longitu-
dinal flat surfaces are ground on opposite sides of the piece and Rockwell C scale hardness
readings are taken at 1⁄16-inch intervals from the quenched end. The resulting data are plot-
ted on graph paper with the hardness values as ordinates (y-axis) and distances from the
quenched end as abscissas (x-axis). Representative data have been accumulated for a vari-
ety of standard steel grades and are published by SAE and AISI as “H-bands.” These data
show graphically and in tabular form the high and low limits applicable to each grade. The
suffix H following the standard AISI/SAE numerical designation indicates that the steel
has been produced to specific hardenability limits.

Experiments have confirmed that the cooling rate at a given point along the Jominy bar
corresponds closely to the cooling rate at various locations in round bars of various sizes.
In general, when end-quench curves for different steels coincide approximately, similar
treatments will produce similar properties in sections of the same size. On occasion it is
necessary to predict the end-quench hardenability of a steel not available for testing, and
reasonably accurate means of calculating hardness for any Jominy location on a section of
steel of known analysis and grain size have been developed.

Tempering: As-quenched steels are in a highly stressed condition and are seldom used
without tempering. Tempering imparts plasticity or toughness to the steel, and is inevita-
bly accompanied by a loss in hardness and strength. The loss in strength, however, is only
incidental to the very important increase in toughness, which is due to the relief of residual
stresses induced during quenching and to precipitation, coalescence, and spheroidization
of iron and alloy carbides resulting in a microstructure of greater plasticity.
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Alloying slows the tempering rate, so that alloy steel requires a higher tempering temper-
ature to obtain a given hardness than carbon steel of the same carbon content. The higher
tempering temperature for a given hardness permits a greater relaxation of residual stress
and thereby improves the steel’s mechanical properties. Tempering is done in furnaces or
in oil or salt baths at temperatures varying from 300 to 1200 degrees F. With most grades
of alloy steel, the range between 500 and 700 degrees F is avoided because of a phenome-
non known as “blue brittleness,” which reduces impact properties. Tempering the marten-
sitic stainless steels in the range of 800-1100 degrees F is not recommended because of the
low and erratic impact properties and reduced corrosion resistance that result. Maximum
toughness is achieved at higher temperatures. It is important to temper parts as soon as pos-
sible after quenching, because any delay greatly increases the risk of cracking resulting
from the high-stress condition in the as-quenched part.

Surface Hardening Treatment (Case Hardening).—Many applications require high
hardness or strength primarily at the surface, and complex service stresses frequently
require not only a hard, wear–resistant surface, but also core strength and toughness to
withstand impact stress. 

To achieve these different properties, two general processes are used: 1) The chemical
composition of the surface is altered, prior to or after quenching and tempering; the pro-
cesses used include carburizing, nitriding, cyaniding, and carbonitriding;  and  2) Only the
surface layer is hardened by the heating and quenching process; the most common pro-
cesses used for surface hardening are flame hardening and induction hardening.

Carburizing: Carbon is diffused into the part’s surface to a controlled depth by heating
the part in a carbonaceous medium. The resulting depth of carburization, commonly
referred to as case depth, depends on the carbon potential of the medium used and the time
and temperature of the carburizing treatment. The steels most suitable for carburizing to
enhance toughness are those with sufficiently low carbon contents, usually below 0.03 per
cent. Carburizing temperatures range from 1550 to 1750 degrees F, with the temperature
and time at temperature adjusted to obtain various case depths. Steel selection, hardenabil-
ity, and type of quench are determined by section size, desired core hardness, and service
requirements.

Three types of carburizing are most often used: 1) Liquid carburizing involves heating
the steel in molten barium cyanide or sodium cyanide. The case absorbs some nitrogen in
addition to carbon, thus enhancing surface hardness;  2) Gas carburizing involves heating
the steel in a gas of controlled carbon content. When used, the carbon level in the case can
be closely controlled;  and  3) Pack carburizing, which involves sealing both the steel and
solid carbonaceous material in a gas-tight container, then heating this combination.

With any of these methods, the part may be either quenched after the carburizing cycle
without reheating or air cooled followed by reheating to the austenitizing temperature
prior to quenching. The case depth may be varied to suit the conditions of loading in ser-
vice. However, service characteristics frequently require that only selective areas of a part
have to be case hardened. Covering the areas not to be cased, with copper plating or a layer
of commercial paste, allows the carbon to penetrate only the exposed areas. Another
method involves carburizing the entire part, then removing the case in selected areas by
machining, prior to quench hardening.

Nitriding: The steel part is heated to a temperature of 900–1150 degrees F in an atmo-
sphere of ammonia gas and dissociated ammonia for an extended period of time that
depends on the case depth desired. A thin, very hard case results from the formation of
nitrides. Strong nitride-forming elements (chromium and molybdenum) are required to be
present in the steel, and often special nonstandard grades containing aluminum (a strong
nitride former) are used. The major advantage of this process is that parts can be quenched
and tempered, then machined, prior to nitriding, because only a little distortion occurs dur-
ing nitriding.
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Cyaniding: This process involves heating the part in a bath of sodium cyanide to a tem-
perature slightly above the transformation range, followed by quenching, to obtain a thin
case of high hardness.

Carbonitriding: This process is similar to cyaniding except that the absorption of carbon
and nitrogen is accomplished by heating the part in a gaseous atmosphere containing
hydrocarbons and ammonia. Temperatures of 1425–1625 degrees F are used for parts to be
quenched, and lower temperatures, 1200–1450 degrees F, may be used where a liquid
quench is not required.

Flame Hardening: This process involves rapid heating with a direct high-temperature
gas flame, such that the surface layer of the part is heated above the transformation range,
followed by cooling at a rate that causes the desired hardening. Steels for flame hardening
are usually in the range of 0.30–0.60 per cent carbon, with hardenability appropriate for the
case depth desired and the quenchant used. The quenchant is usually sprayed on the surface
a short distance behind the heating flame. Immediate tempering is required and may be
done in a conventional furnace or by a flame-tempering process, depending on part size
and costs.

Induction Hardening: This process is similar in many respects to flame hardening except
that the heating is caused by a high-frequency electric current sent through a coil or induc-
tor surrounding the part. The depth of heating depends on the frequency, the rate of heat
conduction from the surface, and the length of the heating cycle. Quenching is usually
accomplished with a water spray introduced at the proper time through jets in or near the
inductor block or coil. In some instances, however, parts are oil-quenched by immersing
them in a bath of oil after they reach the hardening temperature.
Applications.—Many factors enter into the selection of a steel for a particular application.
These factors include the mechanical and physical properties needed to satisfy the design
requirements and service environment; the cost and availability of the material; the cost of
processing (machining, heat treatment, welding, etc.); and the suitability of available pro-
cessing equipment or the cost of any new equipment required.

These steel selection considerations require input from designers, metallurgists, manu-
facturing engineers, service engineers, and procurement specialists, and can be considered
proper or optimum when the part is made from the lowest cost material consistent with sat-
isfying engineering and service requirements. The factors in selection can vary widely
among different organizations, so that several different steels may be used successfully for
similar applications. The best choice of a steel for any application most often results from
a balance or trade-offs among the various selection considerations.

The AISI/SAE designated “standard steels” provide a convenient way for engineers and
metallurgists to state briefly but clearly the chemical composition and, in some instances,
some of the properties desired, and they are widely recognized and used in the United
States and in many other countries. There are, however, numerous nonstandard carbon,
alloy, and stainless steel grades that are widely used for special applications.

The following sections and tables illustrate the general characteristics and typical appli-
cations of most of the standard carbon, alloy, and stainless steel grades.

General Application of SAE Steels: These applications are intended as a general guide
only since the selection may depend on the exact character of the service, cost of material,
machinability when machining is required, or other factors. When more than one steel is
recommended for a given application, information on the characteristics of each steel
listed will be found in the section beginning on page 420.

Adapters, 1145

Agricultural steel, 1070, 1080

Aircraft forgings, 4140

Axles front or rear, 1040, 4140

Axle shafts, 1045, 2340, 2345, 3135,
3140, 3141, 4063, 4340

Ball-bearing races, 52100
Balls for ball bearings, 52100
Body stock for cars, rimmed*
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Bolts and screws, 1035
Bolts 

anchor, 1040
cold-headed, 4042
connecting-rod, 3130
heat-treated, 2330
heavy-duty, 4815, 4820
steering-arm, 3130

Brake levers, 1030, 1040
Bumper bars, 1085
Cams free-wheeling, 4615, 4620
Camshafts, 1020, 1040
Carburized parts, 1020, 1022, 1024, 1117,

1118, 1320, 2317, 2515, 3310, 3115,
3120, 4023, 4032

Chain pins transmission, 4320, 4815,
4820

Chains transmission, 3135, 3140
Clutch disks, 1060, 1070, 1085
Clutch springs, 1060
Coil springs, 4063
Cold-headed bolts, 4042
Cold-heading

 steel, 30905, 1070
 wire or rod, rimmed*, 1035

Cold-rolled steel, 1070
Connecting-rods, 1040, 3141
Connecting-rod bolts, 3130
Corrosion resisting, 51710, 30805
Covers transmission, rimmed*

Crankshafts, 1045, 1145, 3135, 3140,
3141

Crankshafts Diesel engine, 4340
Cushion springs, 1060
Cutlery stainless, 51335
Cylinder studs, 3130
Deep-drawing steel, rimmed*, 30905
Differential gears, 4023
Disks clutch, 1070, 1060
Ductile steel, 30905
Fan blades, 1020
Fatigue resisting 4340, 4640
Fender stock for cars, rimmed*

Forgings 
aircraft, 4140
carbon steel, 1040, 1045
heat-treated, 3240, 5140, 6150
high-duty, 6150
small or medium, 1035
large, 1036

Free-cutting steel 

carbon, 1111, 1113
chromium-nickel steel, 30615
manganese steel, 1132, 1137

Gears 
carburized, 1320, 2317, 3115, 3120,

3310, 4119, 4125, 4320, 4615, 4620,
4815, 4820

heat-treated, 2345
car and truck, 4027, 4032
cyanide-hardening, 5140
differential, 4023
high duty, 4640, 6150
oil-hardening, 3145, 3150, 4340, 5150
ring, 1045, 3115, 3120, 4119
transmission, 3115, 3120, 4119
truck and bus, 3310, 4320

Gear shift levers, 1030
Harrow disks, 1080
Hay-rake teeth, 1095
Key stock, 1030, 2330, 3130
Leaf springs, 1085, 9260
Levers 

brake, 1030, 1040
gear shift, 1030
heat-treated, 2330

Lock washers, 1060
Mower knives, 1085
Mower sections, 1070
Music wire, 1085
Nuts, 3130

heat-treated, 2330
Oil pans automobile, rimmed*

Pinions carburized, 3115, 3120, 4320
Piston pins, 3115, 3120
Plow 

beams, 1070
disks, 1080
shares, 1080

Propeller shafts, 2340, 2345, 4140
Races ball-bearing, 52100
Ring gears, 3115, 3120, 4119
Rings snap, 1060, 1070, 1090
Rivets, rimmed*

Rod and wire, killed*

Rod cold-heading, 1035
Roller bearings, 4815
Rollers for bearings, 52100
Screws and bolts, 1035
Screw stock 

Bessemer, 1111, 1112, 1113
open-hearth, 1115

* The “rimmed” and “killed” steels listed are in the SAE 1008, 1010, and 1015 group. See general
description of these steels.
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Screws heat-treated, 2330
Seat springs, 10956
Shafts 

axle, 1045
cyanide-hardening, 5140
heavy-duty, 4340, 6150, 4615, 4620
oil-hardening, 5150
propeller, 2340, 2345, 4140
transmission, 4140

Sheets and strips, rimmed*

Snap rings, 1060, 1070, 1090
Spline shafts, 1045, 1320, 2340, 2345,

3115, 3120, 3135, 3140, 4023
Spring clips, 1060
Springs 

coil, 1095, 4063, 6150
clutch, 1060
cushion, 1060
hard-drawn coiled, 1066
leaf, 1085, 1095, 4063, 4068, 9260,

6150
oil-hardening, 5150
oil-tempered wire, 1066
seat, 1095
valve, 1060

Spring wire, 1045
hard-drawn, 1055
oil-tempered, 1055

Stainless irons, 51210, 51710
Steel 

cold-rolled, 1070

cold-heading, 30905
free-cutting carbon, 11111, 1113
free-cutting chrome-nickel, 30615
free-cutting manganese, 1132
minimum distortion, 4615, 4620, 4640
soft ductile, 30905

Steering arms, 4042
Steering-arm bolts, 3130
Steering knuckles, 3141
Steering-knuckle pins, 4815, 4820
Tacks, rimmed*

Thrust washers, 1060
oil-hardened, 5150

Transmission shafts, 4140
Tubing, 1040

front axle, 4140
seamless, 1030
welded, 1020

Universal joints, 1145
Valve springs, 1060
Washers lock, 1060
Welded structures, 30705
Wire and rod, killed*

Wire 
cold-heading, rimmed*

hard-drawn spring, 1045, 1055
music, 1085
oil-tempered spring, 1055

Wrist-pins automobile, 1020
Yokes, 1145

Carbon Steels.—SAE Steels 1006, 1008, 1010, 1015: These steels are the lowest carbon
steels of the plain carbon type, and are selected where cold formability is the primary req-
uisite of the user. They are produced both as rimmed and killed steels. Rimmed steel is used
for sheet, strip, rod, and wire where excellent surface finish or good drawing qualities are
required, such as body and fender stock, hoods, lamps, oil pans, and other deep-drawn and
-formed products. This steel is also used for cold-heading wire for tacks, and rivets and low
carbon wire products. Killed steel (usually aluminum killed or special killed) is used for
difficult stampings, or where nonaging properties are needed. Killed steels (usually silicon
killed) should be used in preference to rimmed steel for forging or heat-treating applica-
tions.

These steels have relatively low tensile values and should not be selected where much
strength is desired. Within the carbon range of the group, strength and hardness will rise
with increases in carbon and/or with cold work, but such increases in strength are at the
sacrifice of ductility or the ability to withstand cold deformation. Where cold rolled strip is
used, the proper temper designation should be specified to obtain the desired properties.

With less than 0.15 carbon, the steels are susceptible to serious grain growth, causing
brittleness, which may occur as the result of a combination of critical strain (from cold
work) followed by heating to certain elevated temperatures. If cold-worked parts formed
from these steels are to be later heated to temperatures in excess of 1100 degrees F, the user
should exercise care to avoid or reduce cold working. When this condition develops, it can
be overcome by heating the parts to a temperature well in excess of the upper critical point,
or at least 1750 degrees F.
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Steels in this group, being nearly pure iron or ferritic in structure, do not machine freely
and should be avoided for cut screws and operations requiring broaching or smooth finish
on turning. The machinability of bar, rod, and wire products is improved by cold drawing.
Steels in this group are readily welded.

SAE 1016, 1017, 1018, 1019, 1020, 1021, 1022, 1023, 1024, 1025, 1026, 1027, 1030:

Steels in this group, due to the carbon range covered, have increased strength and hard-
ness, and reduced cold formability compared to the lowest carbon group. For heat-treating
purposes, they are known as carburizing or case hardening grades. When uniform response
to heat treatment is required, or for forgings, killed steel is preferred; for other uses, semi-
killed or rimmed steel may be indicated, depending on the combination of properties
desired. Rimmed steels can ordinarily be supplied up to 0.25 carbon.

Selection of one of these steels for carburizing applications depends on the nature of the
part, the properties desired, and the processing practice preferred. Increases in carbon give
greater core hardness with a given quench, or permit the use of thicker sections. Increases
in manganese improve the hardenability of both the core and case; in carbon steels this is
the only change in composition that will increase case hardenability. The higher manga-
nese variants also machine much better. For carburizing applications, SAE 1016, 1018,
and 1019 are widely used for thin sections or water-quenched parts. SAE 1022 and 1024
are used for heavier sections or where oil quenching is desired, and SAE 1024 is sometimes
used for such parts as transmission and rear axle gears. SAE 1027 is used for parts given a
light case to obtain satisfactory core properties without drastic quenching. SAE 1025 and
1030, although not usually regarded as carburizing types, are sometimes used in this man-
ner for larger sections or where greater core hardness is needed.

For cold-formed or -headed parts, the lowest manganese grades (SAE 1017, 1020, and
1025) offer the best formability at their carbon level. SAE 1020 is used for fan blades and
some frame members, and SAE 1020 and 1025 are widely used for low-strength bolts. The
next higher manganese types (SAE 1018, 1021, and 1026) provide increased strength.

All steels listed may be readily welded or brazed by the common commercial methods.
SAE 1020 is frequently used for welded tubing. These steels are used for numerous forged
parts, the lower-carbon grades where high strength is not essential. Forgings from the
lower-carbon steels usually machine better in the as-forged condition without annealing,
or after normalizing.

SAE 1030, 1033, 1034, 1035, 1036, 1038, 1039, 1040, 1041, 1042, 1043, 1045, 1046,
1049, 1050, 1052: These steels, of the medium-carbon type, are selected for uses where
higher mechanical properties are needed and are frequently further hardened and strength-
ened by heat treatment or by cold work. These grades are ordinarily produced as killed
steels.

Steels in this group are suitable for a wide variety of automotive-type applications. The
particular carbon and manganese level selected is affected by a number of factors.
Increases in the mechanical properties required in section thickness, or in depth of harden-
ing, ordinarily indicate either higher carbon or manganese or both. The heat-treating prac-
tice preferred, particularly the quenching medium, has a great effect on the steel selected.
In general, any of the grades over 0.30 carbon may be selectively hardened by induction or
flame methods.

The lower-carbon and manganese steels in this group find usage for certain types of cold-
formed parts. SAE 1030 is used for shift and brake levers. SAE 1034 and 1035 are used in
the form of wire and rod for cold upsetting such as bolts, and SAE 1038 for bolts and studs.
The parts cold-formed from these steels are usually heat-treated prior to use. Stampings are
generally limited to flat parts or simple bends. The higher-carbon SAE 1038, 1040, and
1042 are frequently cold drawn to specified physical properties for use without heat treat-
ment for some applications such as cylinder head studs.
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Any of this group of steels may be used for forgings, the selection being governed by the
section size and the physical properties desired after heat treatment. Thus, SAE 1030 and
1035 are used for shifter forks and many small forgings where moderate properties are
desired, but the deeper-hardening SAE 1036 is used for more critical parts where a higher
strength level and more uniformity are essential, such as some front suspension parts.
Forgings such as connecting rods, steering arms, truck front axles, axle shafts, and tractor
wheels are commonly made from the SAE 1038 to 1045 group. Larger forgings at similar
strength levels need more carbon and perhaps more manganese. Examples are crankshafts
made from SAE 1046 and 1052. These steels are also used for small forgings where high
hardness after oil quenching is desired. Suitable heat treatment is necessary on forgings
from this group to provide machinability. These steels are also widely used for parts
machined from bar stock, the selection following an identical pattern to that described for
forgings. They are used both with and without heat treatment, depending on the application
and the level of properties needed. As a class, they are considered good for normal machin-
ing operations. It is also possible to weld these steels by most commercial methods, but
precautions should be taken to avoid cracking from too rapid cooling.

SAE 1055, 1060, 1062, 1064, 1065, 1066, 1070, 1074, 1078, 1080, 1085, 1086, 1090,
1095: Steels in this group are of the high-carbon type, having more carbon than is required
to achieve maximum as quenched hardness. They are used for applications where the
higher carbon is needed to improve wear characteristics for cutting edges, to make springs,
and for special purposes. Selection of a particular grade is affected by the nature of the part,
its end use, and the manufacturing methods available.

In general, cold-forming methods are not practical on this group of steels, being limited
to flat stampings and springs coiled from small-diameter wire. Practically all parts from
these steels are heat treated before use, with some variations in heat-treating methods to
obtain optimum properties for the particular use to which the steel is to be put.

Uses in the spring industry include SAE 1065 for pretempered wire and SAE 1066 for
cushion springs of hard-drawn wire, SAE 1064 may be used for small washers and thin
stamped parts, SAE 1074 for light flat springs formed from annealed stock, and SAE 1080
and 1085 for thicker flat springs. SAE 1085 is also used for heavier coil springs. Valve
spring wire and music wire are special products.

Due to good wear properties when properly heat-treated, the high-carbon steels find wide
usage in the farm implement industry. SAE 1070 has been used for plow beams, SAE 1074
for plow shares, and SAE 1078 for such parts as rake teeth, scrapers, cultivator shovels,
and plow shares. SAE 1085 has been used for scraper blades, disks, and for spring tooth
harrows. SAE 1086 and 1090 find use as mower and binder sections, twine holders, and
knotter disks.

Free Cutting Steels.—SAE 1111, 1112, 1113: This class of steels is intended for those
uses where easy machining is the primary requirement. They are characterized by a higher
sulfur content than comparable carbon steels. This composition results in some sacrifice of
cold-forming properties, weldability, and forging characteristics. In general, the uses are
similar to those for carbon steels of similar carbon and manganese content.

These steels are commonly known as Bessemer screw stock, and are considered the best
machining steels available, machinability improving within the group as sulfur increases.
They are used for a wide variety of machined parts. Although of excellent strength in the
cold-drawn condition, they have an unfavorable property of cold shortness and are not
commonly used for vital parts. These steels may be cyanided or carburized, but when uni-
form response to heat-treating is necessary, open-hearth steels are recommended.

SAE 1109, 1114, 1115, 1116, 1117, 1118, 1119, 1120, 1126: Steels in this group are
used where a combination of good machinability and more uniform response to heat treat-
ment is needed. The lower-carbon varieties are used for small parts that are to be cyanided
or carbonitrided. SAE 1116, 1117, 1118, and 1119 carry more manganese for better hard-
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enability, permitting oil quenching after case-hardening heat treatments in many
instances. The higher-carbon SAE 1120 and 1126 provide more core hardness when this is
needed.

SAE 1132, 1137, 1138, 1140, 1141, 1144, 1145, 1146, 1151: This group of steels has
characteristics comparable to carbon steels of the same carbon level, except for changes
due to higher sulfur as noted previously. They are widely used for parts where large
amounts of machining are necessary, or where threads, splines, or other contours present
special problems with tooling. SAE 1137, for example, is widely used for nuts and bolts
and studs with machined threads. The higher-manganese SAE 1132, 1137, 1141, and 1144
offer greater hardenability, the higher-carbon types being suitable for oil quenching for
many parts. All these steels may be selectively hardened by induction or flame heating if
desired.

Carburizing Grades of Alloy Steels.—Properties of the Case: The properties of carbur-
ized and hardened cases (surface layers) depend on the carbon and alloy content, the struc-
ture of the case, and the degree and distribution of residual stresses. The carbon content of
the case depends on the details of the carburizing process, and the response of iron and the
alloying elements present, to carburization. The original carbon content of the steel has lit-
tle or no effect on the carbon content produced in the case. The hardenability of the case,
therefore, depends on the alloy content of the steel and the final carbon content produced
by carburizing, but not on the initial carbon content of the steel.

With complete carbide solution, the effect of alloying elements on the hardenability of
the case is about the same as the effect of these elements on the hardenability of the core.
As an exception to this statement, any element that inhibits carburizing may reduce the
hardenability of the case. Some elements that raise the hardenability of the core may tend
to produce more retained austenite and consequently somewhat lower hardness in the case.

Alloy steels are frequently used for case hardening because the required surface hardness
can be obtained by moderate speeds of quenching. Slower quenching may mean less dis-
tortion than would be encountered with water quenching. It is usually desirable to select a
steel that will attain a minimum surface hardness of 58 or 60 Rockwell C after carburizing
and oil quenching. Where section sizes are large, a high-hardenability alloy steel may be
necessary, whereas for medium and light sections, low-hardenability steels will suffice.

In general, the case-hardening alloy steels may be divided into two classes as far as the
hardenability of the case is concerned. Only the general type of steel (SAE 3300–4100,
etc.) is discussed. The original carbon content of the steel has no effect on the carbon con-
tent of the case, so the last two digits in the specification numbers are not meaningful as far
as the case is concerned.

A) High-Hardenability Case: SAE 2500, 3300, 4300, 4800, 9300
As these are high-alloy steels, both the case and the core have high hardenability. They

are used particularly for carburized parts having thick sections, such as bevel drive pinions
and heavy gears. Good case properties can be obtained by oil quenching. These steels are
likely to have retained austenite in the case after carburizing and quenching; consequently,
special precautions or treatments, such as refrigeration, may be required.

B) Medium-Hardenability Case: SAE 1300, 2300, 4000, 4100, 4600, 5100, 8600, 8700
Carburized cases of these steels have medium hardenability, which means that their

hardenability is intermediate between that of plain carbon steel and the higher-alloy car-
burizing steels discussed earlier. In general, these steels can be used for average-size case-
hardened automotive parts such as gears, pinions, piston pins, ball studs, universal joint
crosses, crankshafts, etc. Satisfactory case hardness is usually produced by oil quenching.

Core Properties: The core properties of case-hardened steels depend on both carbon and
alloy content of the steel. Each of the general types of alloy case-hardening steel is usually
made with two or more carbon contents to permit different hardenability in the core.
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The most desirable hardness for the core depends on the design and functioning of the
individual part. In general, where high compressive loads are encountered, relatively high
core hardness is beneficial in supporting the case. Low core hardnesses may be desirable
where great toughness is essential.

The case-hardening steels may be divided into three general classes, depending on hard-
enability of the core.

A) Low-Hardenability Core: SAE 4017, 4023, 4024, 4027,* 4028,* 4608, 4615, 4617,*

8615,* 8617*

B) Medium-Hardenability Core: SAE 1320, 2317, 2512, 2515,* 3115, 3120, 4032, 4119,
4317, 4620, 4621, 4812, 4815,* 5115, 5120, 8620, 8622, 8720, 9420

C) High-Hardenability Core: SAE 2517, 3310, 3316, 4320, 4817, 4820, 9310, 9315,
9317

Heat Treatments: In general, all the alloy carburizing steels are made with fine grain and
most are suitable for direct quenching from the carburizing temperature. Several other
types of heat treatment involving single and double quenching are also used for most of
these steels. (See  on page 504 and  on page 505)
Directly Hardenable Grades of Alloy Steels.—These steels may be considered in five
groups on the basis of approximate mean carbon content of the SAE specification. In gen-
eral, the last two figures of the specification agree with the mean carbon content. Conse-
quently the heading “0.30–0.37 Mean Carbon Content of SAE Specification” includes
steels such as SAE 1330, 3135, and 4137.

It is necessary to deviate from the above plan in the classification of the carbon molybde-
num steels. When carbon molybdenum steels are used, it is customary to specify higher
carbon content for any given application than would be specified for other alloy steels, due
to the low alloy content of these steels. For example, SAE 4063 is used for the same appli-
cations as SAE 4140, 4145, and 5150. Consequently, in the following discussion, the car-
bon molybdenum steels have been shown in the groups where they belong on the basis of
applications rather than carbon content.

For the present discussion, steels of each carbon content are divided into two or three
groups on the basis of hardenability. Transformation ranges and consequently heat-treat-
ing practices vary somewhat with different alloying elements even though the hardenabil-
ity is not changed.

0.30–0.37 Mean Carbon Content of SAE Specification: These steels are frequently used
for water-quenched parts of moderate section size and for oil-quenched parts of small sec-
tion size. Typical applications of these steels are connecting rods, steering arms and steer-
ing knuckles, axle shafts, bolts, studs, screws, and other parts requiring strength and
toughness where section size is small enough to permit the desired physical properties to
be obtained with the customary heat treatment.

Steels falling in this classification may be subdivided into two groups on the basis of
hardenability:
* Borderline classifications might be considered in the next higher hardenability group. 

Mean Carbon Content
of SAE Specification Common Applications

(a) 0.30–0.37 per cent Heat-treated parts requiring moderate strength and great
toughness.

(b) 0.40–0.42 per cent Heat-treated parts requiring higher strength and good
toughness.

(c) 0.45–0.50 per cent Heat-treated parts requiring fairly high hardness and
strength with moderate toughness.

(d) 0.50–0.62 per cent Springs and hand tools.
(e) 1.02 per cent Ball and roller bearings.
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A) Low Hardenability: SAE 1330, 1335, 4037, 4042, 4130, 5130, 5132, 8630
B) Medium Hardenability: SAE 2330, 3130, 3135, 4137, 5135, 8632, 8635, 8637, 8735,

9437
0.40–0.42 Mean Carbon Content of SAE Specification: In general, these steels are used

for medium and large size parts requiring high degree of strength and toughness. The
choice of the proper steel depends on the section size and the mechanical properties that
must be produced. The low and medium hardenabilty steels are used for average size auto-
motive parts such as steering knuckles, axle shafts, propeller shafts, etc. The high harden-
ability steels are used particularly for large axles and shafts for large aircraft parts.

These steels are usually considered as oil quenching steels, although some large parts
made of the low and medium hardenability classifications may be quenched in water under
properly controlled conditions.

These steels may be divided into three groups on the basis of hardenability:
A) Low Hardenability: SAE 1340, 4047, 5140, 9440
B) Medium Hardenability: SAE 2340, 3140, 3141, 4053, 4063, 4140, 4640, 8640, 8641,

8642, 8740, 8742, 9442
C) High Hardenability: SAE 4340, 9840

0.45–0.50 Mean Carbon Content of SAE Specification: These steels are used primarily
for gears and other parts requiring fairly high hardness as well as strength and toughness.
Such parts are usually oil-quenched and a minimum of 90 per cent martensite in the as-
quenched condition is desirable.

A) Low Hardenability: SAE 5045, 5046, 5145, 9747, 9763
B) Medium Hardenability: SAE 2345, 3145, 3150, 4145, 5147, 5150, 8645, 8647, 8650,

8745, 8747, 8750, 9445, 9845
C) High Hardenability: SAE 4150, 9850
0.50–0.63 Mean Carbon Content of SAE Specification: These steels are used primarily

for springs and hand tools. The hardenability necessary depends on the thickness of the
material and the quenching practice.

A) Medium hardenability: SAE 4068, 5150, 5152, 6150, 8650, 9254, 9255, 9260, 9261
B) High Hardenability: SAE 8653, 8655, 8660, 9262
1.02 Mean Carbon Content of SAE Specification—SAE 50100, 51100, 52100: These

straight chromium electric furnace steels are used primarily for the races and balls or roll-
ers of antifriction bearings. They are also used for other parts requiring high hardness and
wear resistance. The compositions of the three steels are identical, except for a variation in
chromium, with a corresponding variation in hardenability.

A) Low Hardenability: SAE 50100
B) Medium Hardenability: SAE 51100, 52100

Resulfurized Steel: Some of the alloy steels, SAE 4024, 4028, and 8641, are made
resulfurized so as to give better machinability at a relatively high hardness. In general,
increased sulfur results in decreased transverse ductility, notched impact toughness, and
weldability.

Characteristics and Typical Applications of Standard Stainless Steels.—Typ ic a l
applications of various stainless steel alloys are given in the following. The first number
given is the AISI designation followed by the UNS number in parenthesis. (See also Num-
bering Systems for Metals and Alloys on page 403)

201 (S20100): High work-hardening rate; low-nickel equivalent of type 301. Flatware;
automobile wheel covers, trim.

202 (S20200): General-purpose low-nickel equivalent of type 302. Kitchen equipment;
hub caps; milk handling.

205 (S20500): Lower work-hardening rate than type 202; used for spinning and special
drawing operations. Nonmagnetic and cryogenic parts.
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301 (S30100): High work-hardening rate; used for structural applications where high
strength plus high ductility are required. Railroad cars; trailer bodies; aircraft structurals;
fasteners; automobile wheel covers, trim; pole line hardware.

302 (S30200): General-purpose austenitic stainless steel. Trim; food-handling equip-
ment; aircraft cowlings; antennas; springs; cookware; building exteriors; tanks; hospital,
household appliances; jewelry; oil refining equipment; signs.

302B (S30215): More resistant to scale than type 302. Furnace parts; still liners; heating
elements; annealing covers; burner sections.

303 (S30300): Free-machining modification of type 302, for heavier cuts. Screw
machine products; shafts; valves; bolts; bushings; nuts.

303Se (S30323): Free-machining modification of type 302, for lighter cuts; used where
hot working or cold heading may be involved. Aircraft fittings; bolts; nuts; rivets; screws;
studs.

304 (S30400): Low-carbon modification of type 302 for restriction of carbide precipita-
tion during welding. Chemical and food processing equipment; brewing equipment; cryo-
genic vessels; gutters; downspouts; flashings.

304L (S30403): Extra-low-carbon modification of type 304 for further restriction of car-
bide precipitation during welding. Coal hopper linings; tanks for liquid fertilizer and
tomato paste.

304Cu (S30430): Lower work-hardening rate than type 304. Severe cold-heading appli-
cations.

304N (S30451): Higher nitrogen than type 304 to increase strength with minimum effect
on ductility and corrosion resistance, more resistant to increased magnetic permeability.
Type 304 applications requiring higher strength.

305 (S30500): Low work-hardening rate; used for spin forming, severe drawing, cold
heading, and forming. Coffee urn tops; mixing bowls; reflectors.

308 (S30800): Higher-alloy steel having high corrosion and heat resistance. Welding
filler metals to compensate for alloy loss in welding; industrial furnaces.

309 (S30900): High-temperature strength and scale resistance. Aircraft heaters; heat-
treating equipment; annealing covers; furnace parts; heat exchangers; heat-treating trays;
oven linings; pump parts.

309S (S30908): Low-carbon modification of type 309. Welded constructions; assem-
blies subject to moist corrosion conditions.

310 (S31000): Higher elevated temperature strength and scale resistance than type 309.
Heat exchangers; furnace parts; combustion chambers; welding filler metals; gas-turbine
parts; incinerators; recuperators; rolls for roller hearth furnaces.

310S (S31008): Low-carbon modification of type 310. Welded constructions; jet engine
rings.

314 (S31400): More resistant to scale than type 310. Severe cold-heading or -forming
applications. Annealing and carburizing boxes; heat-treating fixtures; radiant tubes.

316 (S31600): Higher corrosion resistance than types 302 and 304; high creep strength.
Chemical and pulp handling equipment; photographic equipment; brandy vats; fertilizer
parts; ketchup cooking kettles; yeast tubs.

316L (S31603): Extra-low-carbon modification of type 316. Welded construction where
intergranular carbide precipitation must be avoided. Type 316 applications requiring
extensive welding.

316F (S31620): Higher phosphorus and sulfur than type 316 to improve machining and
nonseizing characteristics. Automatic screw machine parts.

316N (S31651): Higher nitrogen than type 316 to increase strength with minimum effect
on ductility and corrosion resistance. Type 316 applications requiring extra strength.

317 (S31700): Higher corrosion and creep resistance than type 316. Dyeing and ink man-
ufacturing equipment.

317L (S31703): Extra-low-carbon modification of type 317 for restriction of carbide
precipitation during welding. Welded assemblies.
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321 (S32100): Stabilized for weldments subject to severe corrosive conditions, and for
service from 800 to 1650°F Aircraft exhaust manifolds; boiler shells; process equipment;
expansion joints; cabin heaters; fire walls; flexible couplings; pressure vessels.

329 (S32900): Austenitic-ferritic type with general corrosion resistance similar to type
316 but with better resistance to stress-corrosion cracking; capable of age hardening.
Valves; valve fittings; piping; pump parts.

330 (N08330): Good resistance to carburization and oxidation and to thermal shock.
Heat-treating fixtures.

347 (S34700): Similar to type 321 with higher creep strength. Airplane exhaust stacks;
welded tank cars for chemicals; jet engine parts.

348 (S34800): Similar to type 321; low retentivity. Tubes and pipes for radioactive sys-
tems; nuclear energy uses.

384 (S38400): Suitable for severe cold heading or cold forming; lower cold-work-hard-
ening rate than type 305. Bolts; rivets; screws; instrument parts.

403 (S40300): “Turbine quality” grade. Steam turbine blading and other highly stressed
parts including jet engine rings.

405 (S40500): Nonhardenable grade for assemblies where air-hardening types such as
410 or 403 are objectionable. Annealing boxes; quenching racks; oxidation-resistant parti-
tions.

409 (S40900): General-purpose construction stainless. Automotive exhaust systems;
transformer and capacitor cases; dry fertilizer spreaders; tanks for agricultural sprays.

410 (S41000): General-purpose heat-treatable type. Machine parts; pump shafts; bolts;
bushings; coal chutes; cutlery; hardware; jet engine parts; mining machinery; rifle barrels;
screws; valves.

414 (41400): High hardenability steel. Springs; tempered rules; machine parts, bolts;
mining machinery; scissors; ships’ bells; spindles; valve seats.

416 (S41600): Free-machining modification of type 410, for heavier cuts. Aircraft fit-
tings; bolts; nuts; fire extinguisher inserts; rivets; screws.

416Se (S41623): Free-machining modification of type 410, for lighter cuts. Machined
parts requiring hot working or cold heading.

420 (S42000): Highercarbon modification of type 410. Cutlery; surgical instruments;
valves; wear-resisting parts; glass molds; hand tools; vegetable choppers.

420F (S42020): Free-machining modification of type 420. Applications similar to those
for type 420 requiring better machinability.

422 (S42200): High strength and toughness at service temperatures up to 1200 degrees F.
Steam turbine blades; fasteners.

429 (S42900): Improved weldability as compared to type 430. Nitric acid and nitrogen-
fixation equipment.

430 (S43000): General-purpose nonhardenable chromium type. Decorative trim; nitric
acid tanks; annealing baskets; combustion chambers; dishwashers; heaters; mufflers;
range hoods; recuperators; restaurant equipment.

430F (S43020): Free-machining modification of type 430, for heavier cuts. Screw
machine parts.

430FSe (S43023): Free-machining modification of type 430, for lighter cuts. Machined
parts requiring light cold heading or forming.

431 (S43100): Special-purpose hardenable steel used where particularly high mechani-
cal properties are required. Aircraft fittings; beater bars; paper machinery; bolts.

434 (S43400): Modification of type 430 designed to resist atmospheric corrosion in the
presence of winter road conditioning and dust-laying compounds. Automotive trim and
fasteners.

436 (S43600): Similar to types 430 and 434. Used where low “roping” or “ridging”
required. General corrosion and heat-resistant applications such as automobile trim.

440A (S44002): Hardenable to higher hardeness than type 420 with good corrosion resis-
tance. Cutlery; bearings; surgical tools.
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440B (S44003): Cutlery grade. Cutlery, valve parts; instrument bearings.
440C (S44004): Yields highest hardnesses of hardenable stainless steels. Balls; bear-

ings; races; nozzles; balls and seats for oil well pumps; valve parts.
442 (S44200): High-chromium steel, principally for parts that must resist high service

temperatures without scaling. Furnace parts; nozzles; combustion chambers.
446 (S44600): High-resistance to corrosion and scaling at high temperatures, especially

for intermittent service; often used in sulfur-bearing atmosphere. Annealing boxes; com-
bustion chambers; glass molds; heaters; pyrometer tubes; recuperators; stirring rods;
valves.

501 (S50100): Heat resistance; good mechanical properties at moderately elevated tem-
peratures. Heat exchangers; petroleum refining equipment.

502 (S50200): More ductility and less strength than type 501. Heat exchangers; petro-
leum refining equipment; gaskets.

Chromium Nickel Austenitic Steels (Not capable of heat treatment).—SAE 30201:
This steel is an austenitic chromium–nickel–manganese stainless steel usually required

in flat products. In the annealed condition, it exhibits higher strength values than the corre-
sponding chromium–nickel stainless steel (SAE 30301). It is nonmagnetic in the annealed
condition, but may be magnetic when cold-worked. SAE 30201 is used to obtain high
strength by work-hardening and is well suited for corrosion-resistant structural members
requiring high strength with low weight. It has excellent resistance to a wide variety of cor-
rosive media, showing behavior comparable to stainless grade SAE 30301. It has high duc-
tility and excellent forming properties. Owing to this steel’s work-hardening rate and yield
strength, tools for forming must be designed to allow for a higher springback or recovery
rate. It is used for automotive trim, automotive wheel covers, railroad passenger car bodies
and structural members, and truck trailer bodies.

SAE 30202: Like its corresponding chromium–nickel stainless steel SAE 30302, this is a
general-purpose stainless steel. It has excellent corrosion resistance and deep drawing
qualities. It is nonhardenable by thermal treatments, but may be cold worked to high tensile
strengths. In the annealed condition, it is nonmagnetic but slightly magnetic when cold-
worked. Applications for this stainless steel are hub cap, railcar and truck trailer bodies,
and spring wire.

SAE 30301: Capable of attaining high tensile strength and ductility by moderate or
severe cold working. It is used largely in the cold-rolled or cold-drawn condition in the
form of sheet, strip, and wire. Its corrosion resistance is good but not equal to SAE 30302.

SAE 30302: The most widely used of the general-purpose austenitic chromium–nickel
stainless steels. It is used for deep drawing largely in the annealed condition. It can be
worked to high tensile strengths but with slightly lower ductility than SAE 30301.

SAE 30303F: A free-machining steel recommended for the manufacture of parts pro-
duced on automatic screw machines. Caution must be used in forging this steel.

SAE 30304: Similar to SAE 30302 but somewhat superior in corrosion resistance and
having superior welding properties for certain types of equipment.

SAE 30305: Similar to SAE 30304 but capable of lower hardness. Has greater ductility
with slower work-hardening tendency.

SAE 30309: A steel with high heat-resisting qualities which is resistant to oxidation at
temperatures up to about 1800 degrees F.

SAE 30310: This teel has the highest heat-resisting properties of any of the chromium
nickel steels listed here and will resist oxidation at temperatures up to about 1900 degrees
F.

SAE 30316: Recommended for use in parts where unusual resistance to chemical or salt
water corrosion is necessary. It has superior creep strength at elevated temperatures.
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SAE 30317: Similar to SAE 30316 but has the highest corrosion resistance of all these
alloys in many environments.

SAE 30321: Recommended for use in the manufacture of welded structures where heat
treatment after welding is not feasible. It is also recommended for use where temperatures
up to 1600 degrees F are encountered in service. 

SAE 30325: Used for such parts as heat control shafts.

SAE 30347: This steel is similar to SAE 30321. This niobium alloy is sometimes pre-
ferred to titanium because niobium is less likely to be lost in welding operations.

Stainless Chromium Irons and Steels.—SAE 51409: An 11 per cent chromium alloy
developed, especially for automotive mufflers and tailpipes. Resistance to corrosion and
oxidation is very similar to SAE 51410. It is nonhardenable and has good forming and
welding characteristics. This alloy is recommended for mildly corrosive applications
where surface appearance is not critical.

SAE 51410: A general-purpose stainless steel capable of heat treatment to show good
physical properties. It is used for general stainless applications, both in the heat-treated and
annealed condition but is not as resistant to corrosion as SAE 51430 in either the annealed
or heat-treated condition.

SAE 51414: A corrosion and heat-resisting nickel-bearing chromium steel with some-
what better corrosion resistance than SAE 51410. It will attain slightly higher mechanical
properties when heat-treated than SAE 51410. It is used in the form of tempered strip or
wire, and in bars and forgings for heat-treated parts.

SAE 51416F: A free-machining grade for the manufacture of parts produced in auto-
matic screw machines.

SAE 51420: This steel is capable of being heat-treated to a relatively high hardness. It
will harden to a maximum of approximately 500 Brinell. Maximum corrosion resisting
qualities exist only in the fully hardened condition. It is used for cutlery, hardened pump
shafts, etc.

SAE 51420F: This is similar to SAE 51420 except for its free-machining properties.
SAE 51430: This high-chromium steel is not capable of heat treatment and is recom-

mended for use in shallow parts requiring moderate draw. Corrosion and heat resistance
are superior to SAE 51410.

SAE 51430F: This steel is similar to SAE 51430 except for its free-machining properties.

SAE 51431: This nickel-bearing chromium steel is designed for heat treatment to high
mechanical properties. Its corrosion resistance is superior to other hardenable steels.

SAE 51440A: A hardenable chromium steel with greater quenched hardness than SAE
51420 and greater toughness than SAE 51440B and 51440C. Maximum corrosion resis-
tance is obtained in the fully hardened and polished condition.

SAE 51440B: A hardenable chromium steel with greater quenched hardness than SAE
51440A. Maximum corrosion resistance is obtained in the fully hardened and polished
condition. Capable of hardening to 50–60 Rockwell C depending on carbon content.

SAE 51440C: This steel has the greatest quenched hardness and wear resistance on heat
treatment of any corrosion- or heat-resistant steel.

SAE 51440F: The same as SAE 51440C, except for its free-machining characteristics.
SAE 51442: A corrosion- and heat-resisting chromium steel with corrosion-resisting

properties slightly better than SAE 51430 and with good scale resistance up to 1600
degrees F.

SAE 51446: A corrosion- and heat-resisting steel with maximum amount of chromium
consistent with commercial malleability. Used principally for parts that must resist high
temperatures in service without scaling. Resists oxidation up to 2000 degrees F.

SAE 51501: Used for its heat and corrosion resistance and good mechanical properties at
temperatures up to approximately 1000 degrees F.
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430Typical Mechanical Properties of Steel.—Tables 6 through 8 provide expected minimum and/or typical mechanical properties of selected stan-

dard carbon and alloy steels and stainless steels.

Table 6. Expected Minimum Mechanical Properties of Cold-Drawn Carbon-Steel Rounds, Squares, and Hexagons 

Size,
in.

As Cold-Drawn
Cold-Drawn Followed by

Low-Temperature Stress Relief
Cold-Drawn Followed by

High-Temperature Stress Relief

Strength Elonga-
tion in
2 in.,

Per cent

Reduc-
tion in
Area,

Per cent

Hard-
ness,
Bhn

Strength Elonga-
tion in
2 in.,

Per cent

Reduc-
tion in
Area,

Per cent

Hard-
ness,
Bhn

Strength Elonga-
tion in
2 in.,

Per cent

Reduc-
tion in
Area,

Per cent

Hard-
ness, Bhn

Tensile Yield Tensile Yield Tensile Yield

1000 lb/in.2 1000 lb/in2 1000 lb/in2

AISI 1018 and 1025 Steels
5⁄8–7⁄8 70 60 18 40 143 .... .... .... .... … 65 45 20 45 131

Over 7⁄8–11⁄4 65 55 16 40 131 .... .... .... .... … 60 45 20 45 121

Over 11⁄4–2 60 50 15 35 121 .... .... .... .... … 55 45 16 40 111

Over 2–3 55 45 15 35 111 .... .... .... .... … 50 40 15 40 101

AISI 1117 and 1118 Steels

5⁄8–7⁄8 75 65 15 40 149 80 70 15 40 163 70 50 18 45 143

Over 7⁄8–1⁄4 70 60 15 40 143 75 65 15 40 149 65 50 16 45 131

Over 11⁄4–2 65 55 13 35 131 70 60 13 35 143 60 50 15 40 121

Over 2–3 60 50 12 30 121 65 55 12 35 131 55 45 15 40 111

AISI 1035 Steel

5⁄8–7⁄8 85 75 13 35 170 90 80 13 35 179 80 60 16 45 163

Over 7⁄8–11⁄4 80 70 12 35 163 85 75 12 35 170 75 60 15 45 149

Over 11⁄4–2 75 65 12 35 149 80 70 12 35 163 70 60 15 40 143

Over 2–3 70 60 10 30 143 75 65 10 30 149 65 55 12 35 131

AISI 1040 and 1140 Steels

5⁄8–7⁄8 90 80 12 35 179 95 85 12 35 187 85 65 15 45 170

Over 7⁄8–11⁄4 85 75 12 35 170 90 80 12 35 179 80 65 15 45 163

Over 11⁄4–2 80 70 10 30 163 85 75 10 30 170 75 60 15 40 149

Over 2–3 75 65 10 30 149 80 70 10 30 163 70 55 12 35 143
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Source: AISI Committee of Hot-Rolled and Cold-Finished Bar Producers and published in 1974 DATABOOK issue of the American Society for Metals’ METAL
PROGRESS magazine and used with its permission.

AISI 1045, 1145, and 1146 Steels

5⁄8–7⁄8 95 85 12 35 187 100 90 12 35 197 90 70 15 45 179

Over 7⁄8–11⁄4 90 80 11 30 179 95 85 11 30 187 85 70 15 45 170

Over 11⁄4–2 85 75 10 30 170 90 80 10 30 179 80 65 15 40 163

Over 2–3 80 70 10 30 163 85 75 10 25 170 75 60 12 35 149

AISI 1050, 1137, and 1151 Steels

5⁄8–7⁄8 100 90 11 35 197 105 95 11 35 212 95 75 15 45 187

Over 7⁄8–11⁄4 95 85 11 30 187 100 90 11 30 197 90 75 15 40 179

Over 11⁄4–2 90 80 10 30 179 95 85 10 30 187 85 70 15 40 170

Over 2–3 85 75 10 30 170 90 80 10 25 179 80 65 12 35 163

AISI 1141 Steel

5⁄8–7⁄8 105 95 11 30 212 110 100 11 30 223 100 80 15 40 197

Over 7⁄8–11⁄4 100 90 10 30 197 105 95 10 30 212 95 80 15 40 187

Over 11⁄4–2 95 85 10 30 187 100 90 10 25 197 90 75 15 40 179

Over 2–3 90 80 10 20 179 95 85 10 20 187 85 70 12 30 170

AISI 1144 Steel

5⁄8–7⁄8 110 100 10 30 223 115 105 10 30 229 105 85 15 40 212

Over 7⁄8–11⁄4 105 95 10 30 212 110 100 10 30 223 100 85 15 40 197

Over 11⁄4–2 100 90 10 25 197 105 95 10 25 212 95 80 15 35 187

Over 2–3 95 85 10 20 187 100 90 10 20 197 90 75 12 30 179

Table 6. (Continued) Expected Minimum Mechanical Properties of Cold-Drawn Carbon-Steel Rounds, Squares, and Hexagons 

Size,
in.

As Cold-Drawn Cold-Drawn Followed by
Low-Temperature Stress Relief

Cold-Drawn Followed by
High-Temperature Stress Relief

Strength Elonga-
tion in
2 in.,

Per cent

Reduc-
tion in
Area,

Per cent

Hard-
ness,
Bhn

Strength Elonga-
tion in
2 in.,

Per cent

Reduc-
tion in
Area,

Per cent

Hard-
ness,
Bhn

Strength Elonga-
tion in
2 in.,

Per cent

Reduc-
tion in
Area,

Per cent

Hard-
ness, Bhn

Tensile Yield Tensile Yield Tensile Yield

1000 lb/in.2 1000 lb/in2 1000 lb/in2
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Table 7a. Typical Mechanical Properties of Selected Carbon and 
Alloy Steels (Hot Rolled, Normalized, and Annealed)

AISI
No.a

Treatment

Strength
Elongation,

Per cent

Reduction 
in

Area,
Per cent

Hard-
ness,
Bhn

Impact
Strength
(Izod),
ft-lb

Tensile Yield

lb/in.2

1015 As-rolled 61,000 45,500 39.0 61.0 126 81.5

Normalized (1700 F) 61,500 47,000 37.0 69.6 121 85.2

Annealed (1600 F) 56,000 41,250 37.0 69.7 111 84.8

1020 As-rolled 65,000 48,000 36.0 59.0 143 64.0

Normalized (1600 F) 64,000 50,250 35.8 67.9 131 86.8

Annealed (1600 F) 57,250 42,750 36.5 66.0 111 91.0

1022 As-rolled 73,000 52,000 35.0 67.0 149 60.0

Normalized (1700 F) 70,000 52,000 34.0 67.5 143 86.5

Annealed (1600 F) 65,250 46,000 35.0 63.6 137 89.0

1030 As-rolled 80,000 50,000 32.0 57.0 179 55.0

Normalized (1700 F) 75,000 50,000 32.0 60.8 149 69.0

Annealed (1550 F) 67,250 49,500 31.2 57.9 126 51.2

1040 As-rolled 90,000 60,000 25.0 50.0 201 36.0

Normalized (1650 F) 85,500 54,250 28.0 54.9 170 48.0

Annealed (1450 F) 75,250 51,250 30.2 57.2 149 32.7

1050 As-rolled 105,000 60,000 20.0 40.0 229 23.0

Normalized (1650 F) 108,500 62,000 20.0 39.4 217 20.0

Annealed (1450 F) 92,250 53,000 23.7 39.9 187 12.5

1060 As-rolled 118,000 70,000 17.0 34.0 241 13.0

Normalized (1650 F) 112,500 61,000 18.0 37.2 229 9.7

Annealed (1450 F) 90,750 54,000 22.5 38.2 179 8.3

1080 As-rolled 140,000 85,000 12.0 17.0 293 5.0

Normalized (1650 F) 146,500 76,000 11.0 20.6 293 5.0

Annealed (1450 F) 89,250 54,500 24.7 45.0 174 4.5

1095 As-rolled 140,000 83,000 9.0 18.0 293 3.0

Normalized (1650 F) 147,000 72,500 9.5 13.5 293 4.0

Annealed (1450 F) 95,250 55,000 13.0 20.6 192 2.0

1117 As-rolled 70,600 44,300 33.0 63.0 143 60.0

Normalized (1650 F) 67,750 44,000 33.5 63.8 137 62.8

Annealed (1575 F) 62,250 40,500 32.8 58.0 121 69.0

1118 As-rolled 75,600 45,900 32.0 70.0 149 80.0

Normalized (1700 F) 69,250 46,250 33.5 65.9 143 76.3

Annealed (1450 F) 65,250 41,250 34.5 66.8 131 78.5

1137 As-rolled 91,000 55,00 28.0 61.0 192 61.0

Normalized (1650 F) 97,000 57,500 22.5 48.5 197 47.0

Annealed (1450 F) 84,750 50,000 26.8 53.9 174 36.8

1141 As-rolled 98,000 52,000 22.0 38.0 192 8.2

Normalized (1650 F) 102,500 58,750 22.7 55.5 201 38.8

Annealed (1500 F) 86,800 51,200 25.5 49.3 163 25.3

1144 As-rolled 102,000 61,000 21.0 41.0 212 39.0

Normalized (1650 F) 96,750 58,000 21.0 40.4 197 32.0

Annealed (1450 F) 84,750 50,250 24.8 41.3 167 48.0
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Source: Bethlehem Steel Corp. and Republic Steel Corp. as published in 1974 DATABOOK issue
of the American Society for Metals’ METAL PROGRESS magazine and used with its permission.

1340 Normalized (1600 F) 121,250 81,000 22.0 62.9 248 68.2

Annealed (1475 F) 102,000 63,250 25.5 57.3 207 52.0

3140 Normalized (1600 F) 129,250 87,000 19.7 57.3 262 39.5

Annealed (1500 F) 100,000 61,250 24.5 50.8 197 34.2

4130 Normalized (1600 F) 97,000 63,250 25.5 59.5 197 63.7

Annealed (1585 F) 81,250 52,250 28.2 55.6 156 45.5

4140 Normalized (1600 F) 148,000 95,000 17.7 46.8 302 16.7

Annealed (1500 F) 95,000 60,500 25.7 56.9 197 40.2

4150 Normalized (1600 F) 167,500 106,500 11.7 30.8 321 8.5

Annealed (1500 F) 105,750 55,000 20.2 40.2 197 18.2

4320 Normalized (1640 F) 115,000 67,250 20.8 50.7 235 53.8

Annealed (1560 F) 84,000 61,625 29.0 58.4 163 81.0

4340 Normalized (1600 F) 185,500 125,000 12.2 36.3 363 11.7

Annealed (1490 F) 108,000 68,500 22.0 49.9 217 37.7

4620 Normalized (1650 F) 83,250 53,125 29.0 66.7 174 98.0

Annealed (1575 F) 74,250 54,000 31.3 60.3 149 69.0

4820 Normalized (1580 F) 109,500 70,250 24.0 59.2 229 81.0

Annealed (1500 F) 98,750 67,250 22.3 58.8 197 68.5

5140 Normalized (1600 F) 115,000 68,500 22.7 59.2 229 28.0

Annealed (1525 F) 83,000 42,500 28.6 57.3 167 30.0

5150 Normalized (1600 F) 126,250 76,750 20.7 58.7 255 23.2

Annealed (1520 F) 98,000 51,750 22.0 43.7 197 18.5

5160 Normalized (1575 F) 138,750 77,000 17.5 44.8 269 8.0

Annealed (1495 F) 104,750 40,000 17.2 30.6 197 7.4

6150 Normalized (1600 F) 136,250 89,250 21.8 61.0 269 26.2

Annealed (1500 F) 96,750 59,750 23.0 48.4 197 20.2

8620 Normalized (1675 F) 91,750 51,750 26.3 59.7 183 73.5

Annealed (1600 F) 77,750 55,875 31.3 62.1 149 82.8

8630 Normalized (1600 F) 94,250 62,250 23.5 53.5 187 69.8

Annealed (1550 F) 81,750 54,000 29.0 58.9 156 70.2

8650 Normalized (1600 F) 148,500 99,750 14.0 40.4 302 10.0

Annealed (1465 F) 103,750 56,000 22.5 46.4 212 21.7

8740 Normalized (1600 F) 134,750 88,000 16.0 47.9 269 13.0

Annealed (1500 F) 100,750 60,250 22.2 46.4 201 29.5

9255 Normalized (1650 F) 135,250 84,000 19.7 43.4 269 10.0

Annealed (1550 F) 112,250 70,500 21.7 41.1 229 6.5

9310 Normalized (1630 F) 131,500 82,750 18.8 58.1 269 88.0

Annealed (1550 F) 119,000 63,750 17.3 42.1 241 58.0

a All grades are fine-grained except those in the 1100 series that are coarse-grained. Austenitizing
temperatures are given in parentheses. Heat-treated specimens were oil-quenched unless otherwise
indicated. 

Table 7a. (Continued) Typical Mechanical Properties of Selected Carbon and 
Alloy Steels (Hot Rolled, Normalized, and Annealed)

AISI
No.a

Treatment

Strength
Elongation,

Per cent

Reduction 
in

Area,
Per cent

Hard-
ness,
Bhn

Impact
Strength
(Izod),
ft-lb

Tensile Yield

lb/in.2
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Table 7b. Typical Mechanical Properties of Selected Carbon and 
Alloy Steels (Quenched and Tempered)

AISI
No.a

Tempering
Temperature,

°F

Strength

Elongation,
Per cent

Reduction
in Area,
Per cent

Hardness,
Bhn

Tensile Yield

1000 lb/in.2

1030b 400 123 94 17 47 495

600 116 90 19 53 401

800 106 84 23 60 302

1000 97 75 28 65 255

1200 85 64 32 70 207

1040b 400 130 96 16 45 514

600 129 94 18 52 444

800 122 92 21 57 352

1000 113 86 23 61 269

1200 97 72 28 68 201

1040 400 113 86 19 48 262

600 113 86 20 53 255

800 110 80 21 54 241

1000 104 71 26 57 212

1200 92 63 29 65 192

1050b 400 163 117 9 27 514

600 158 115 13 36 444

800 145 110 19 48 375

1000 125 95 23 58 293

1200 104 78 28 65 235

1050 400 … … … … …
600 142 105 14 47 321

800 136 95 20 50 277

1000 127 84 23 53 262

1200 107 68 29 60 223

1060 400 160 113 13 40 321

600 160 113 13 40 321

800 156 111 14 41 311

1000 140 97 17 45 277

1200 116 76 23 54 229

1080 400 190 142 12 35 388

600 189 142 12 35 388

800 187 138 13 36 375

1000 164 117 16 40 321

1200 129 87 21 50 255

1095b 400 216 152 10 31 601

600 212 150 11 33 534

800 199 139 13 35 388

1000 165 110 15 40 293

1200 122 85 20 47 235

1095 400 187 120 10 30 401

600 183 118 10 30 375

800 176 112 12 32 363

1000 158 98 15 37 321

1200 130 80 21 47 269

1137 400 157 136 5 22 352

600 143 122 10 33 285

800 127 106 15 48 262

1000 110 88 24 62 229

1200 95 70 28 69 197
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1137b 400 217 169 5 17 415

600 199 163 9 25 375

800 160 143 14 40 311

1000 120 105 19 60 262

1200 94 77 25 69 187

1141 400 237 176 6 17 461

600 212 186 9 32 415

800 169 150 12 47 331

1000 130 111 18 57 262

1200 103 86 23 62 217

1144 400 127 91 17 36 277

600 126 90 17 40 262

800 123 88 18 42 248

1000 117 83 20 46 235

1200 105 73 23 55 217

1330b 400 232 211 9 39 459

600 207 186 9 44 402

800 168 150 15 53 335

1000 127 112 18 60 263

1200 106 83 23 63 216

1340 400 262 231 11 35 505

600 230 206 12 43 453

800 183 167 14 51 375

1000 140 120 17 58 295

1200 116 90 22 66 252

4037 400 149 110 6 38 310

600 138 111 14 53 295

800 127 106 20 60 270

1000 115 95 23 63 247

1200 101 61 29 60 220

4042 400 261 241 12 37 516

600 234 211 13 42 455

800 187 170 15 51 380

1000 143 128 20 59 300

1200 115 100 28 66 238

4130b 400 236 212 10 41 467

600 217 200 11 43 435

800 186 173 13 49 380

1000 150 132 17 57 315

1200 118 102 22 64 245

4140 400 257 238 8 38 510

600 225 208 9 43 445

800 181 165 13 49 370

1000 138 121 18 58 285

1200 110 95 22 63 230

4150 400 280 250 10 39 530

600 256 231 10 40 495

800 220 200 12 45 440

1000 175 160 15 52 370

1200 139 122 19 60 290

4340 400 272 243 10 38 520

600 250 230 10 40 486

800 213 198 10 44 430

1000 170 156 13 51 360

1200 140 124 19 60 280

Table 7b. (Continued) Typical Mechanical Properties of Selected Carbon and 
Alloy Steels (Quenched and Tempered)

AISI
No.a

Tempering
Temperature,

°F

Strength

Elongation,
Per cent

Reduction
in Area,
Per cent

Hardness,
Bhn

Tensile Yield

1000 lb/in.2
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5046 400 253 204 9 25 482

600 205 168 10 37 401

800 165 135 13 50 336

1000 136 111 18 61 282

1200 114 95 24 66 235

50B46 400 … … … … 560

600 258 235 10 37 505

800 202 181 13 47 405

1000 157 142 17 51 322

1200 128 115 22 60 273

50B60 400 … … … … 600

600 273 257 8 32 525

800 219 201 11 34 435

1000 163 145 15 38 350

1200 130 113 19 50 290

5130 400 234 220 10 40 475

600 217 204 10 46 440

800 185 175 12 51 379

1000 150 136 15 56 305

1200 115 100 20 63 245

5140 400 260 238 9 38 490

600 229 210 10 43 450

800 190 170 13 50 365

1000 145 125 17 58 280

1200 110 96 25 66 235

5150 400 282 251 5 37 525

600 252 230 6 40 475

800 210 190 9 47 410

1000 163 150 15 54 340

1200 117 118 20 60 270

5160 400 322 260 4 10 627

600 290 257 9 30 555

800 233 212 10 37 461

1000 169 151 12 47 341

1200 130 116 20 56 269

51B60 400 … … … … 600

600 … … … … 540

800 237 216 11 36 460

1000 175 160 15 44 355

1200 140 126 20 47 290

6150 400 280 245 8 38 538

600 250 228 8 39 483

800 208 193 10 43 420

1000 168 155 13 50 345

1200 137 122 17 58 282

81B45 400 295 250 10 33 550

600 256 228 8 42 475

800 204 190 11 48 405

1000 160 149 16 53 338

1200 130 115 20 55 280

Table 7b. (Continued) Typical Mechanical Properties of Selected Carbon and 
Alloy Steels (Quenched and Tempered)

AISI
No.a

Tempering
Temperature,

°F

Strength

Elongation,
Per cent

Reduction
in Area,
Per cent

Hardness,
Bhn

Tensile Yield

1000 lb/in.2
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Source: Bethlehem Steel Corp. and Republic Steel Corp. as published in 1974 DATABOOK issue
of the American Society for Metals’ METAL PROGRESS magazine and used with its permission.

8630 400 238 218 9 38 465

600 215 202 10 42 430

800 185 170 13 47 375

1000 150 130 17 54 310

1200 112 100 23 63 240

8640 400 270 242 10 40 505

600 240 220 10 41 460

800 200 188 12 45 400

1000 160 150 16 54 340

1200 130 116 20 62 280

86B45 400 287 238 9 31 525

600 246 225 9 40 475

800 200 191 11 41 395

1000 160 150 15 49 335

1200 131 127 19 58 280

8650 400 281 243 10 38 525

600 250 225 10 40 490

800 210 192 12 45 420

1000 170 153 15 51 340

1200 140 120 20 58 280

8660 400 … … … … 580

600 … … … … 535

800 237 225 13 37 460

1000 190 176 17 46 370

1200 155 138 20 53 315

8740 400 290 240 10 41 578

600 249 225 11 46 495

800 208 197 13 50 415

1000 175 165 15 55 363

1200 143 131 20 60 302

9255 400 305 297 1 3 601

600 281 260 4 10 578

800 233 216 8 22 477

1000 182 160 15 32 352

1200 144 118 20 42 285

9260 400 … … … … 600

600 … … … … 540

800 255 218 8 24 470

1000 192 164 12 30 390

1200 142 118 20 43 295

94B30 400 250 225 12 46 475

600 232 206 12 49 445

800 195 175 13 57 382

1000 145 135 16 65 307

1200 120 105 21 69 250

a All grades are fine-grained except those in the 1100 series that are coarse-grained. Austenitizing
temperatures are given in parentheses. Heat-treated specimens were oil-quenched unless otherwise
indicated. 

b Water quenched. 

Table 7b. (Continued) Typical Mechanical Properties of Selected Carbon and 
Alloy Steels (Quenched and Tempered)

AISI
No.a

Tempering
Temperature,

°F

Strength

Elongation,
Per cent

Reduction
in Area,
Per cent

Hardness,
Bhn

Tensile Yield

1000 lb/in.2
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Table 8. Nominal  Mechanical Properties of  Selected Standard Stainless  Steels

Grade Condition

Tensile
Strength

(psi)

0.2 Per Cent
Yield

Strength
(psi)

Elonga-
tion in
2 in.
(%)

Reduc-
tion of
Area
(%)

Hardness

Rock-
well Bhn

Austenitic Steels

201 Annealed 115,000 55,000 55 … B90 …
1⁄4-hard 125,000a 75,000a 20a … C25 …
1⁄2-hard 150,000a 110,000a 10a … C32 …
3⁄4-hard 175,000a 135,000a 5a … C37 …

Full-hard 185,000a 140,000a 4a … C41 …

202 Annealed 105,000 55,000 55 … B90 …
1⁄4-hard 125,000a 75,000a 12a … C27 …

301 Annealed 110,000 40,000 60 … B85 165
1⁄4-hard 125,000a 75,000a 25a … C25 …
1⁄2-hard 150,000a 110,000a 15a … C32 …
3⁄4-hard 175,000a 135,000a 12a … C37 …

Full-hard 185,000 140,000a 8a … C41 …

302 Annealed 90,000 37,000 55 65 B82 155

1 ⁄4-hard
(sheet, strip) 125,000a 75,000a 12a … C25 …

Cold-drawn
(bar, wire)b To 350,000 … … … … …

302B Annealed 95,000 40,000 50 65 B85 165

303, 303 (Se) Annealed 90,000 35,000 50 55 B84 160

304 Annealed 85,000 35,000 55 65 B80 150

304L Annealed 80,000 30,000 55 65 B76 140

305 Annealed 85,000 37,000 55 70 B82 156

308 Annealed 85,000 35,000 55 65 B80 150

309, 309S Annealed 90,000 40,000 45 65 B85 165

310, 310S Annealed 95,000 40,000 45 65 B87 170

314 Annealed 100,000 50,000 45 60 B87 170

316 Annealed 85,000 35,000 55 70 B80 150

Cold-drawn
(bar, wire)b To 300,000 … … … … …

316L Annealed 78,000 30,000 55 65 B76 145

317 Annealed 90,000 40,000 50 55 B85 160

321 Annealed 87,000 35,000 55 65 B80 150

347, 348 Annealed 92,000 35,000 50 65 B84 160

Martensitic Steels

403, 410, 416, 
416 (Se)

Annealed 75,000 40,000 30 65 B82 155

Hardenedc … … … … C43 410

Tempered at

400°F 190,000 145,000 15 55 C41 390

600°F 180,000 140,000 15 55 C39 375

800°F 195,000 150,000 17 55 C41 390

1000°F 145,000 115,000 20 65 C31 300

1200°F 110,000 85,000 23 65 B97 225

1400°F 90,000 60,000 30 70 B89 180
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Source: Metals Handbook, 8th edition, Volume 1.

414 Annealed 120,000 95,000 17 55 C22 235

Hardenedc … … … … C44 426

Tempered at

400°F 200,000 150,000 15 55 C43 415

600°F 190,000 145,000 15 55 C41 400

800°F 200,000 150,000 16 58 C43 415

1000°F 145,000 120,000 20 60 C34 325

1200°F 120,000 105,000 20 65 C24 260

420, 420F Annealed 95,000 50,000 25 55 B92 195

Hardenedd … … … … C54 540

Tempered at

600°F 230,000 195,000 8 25 C50 500

431 Annealed 125,000 95,000 20 60 C24 260

Hardenedd … … … … C45 440

Tempered at

400°F 205,000 155,000 15 55 C43 415

600°F 195,000 150,000 15 55 C41 400

800°F 205,000 155,000 15 60 C43 415

1000°F 150,000 130,000 18 60 C34 325

1200°F 125,000 95,000 20 60 C24 260

440A Annealed 105,000 60,000 20 45 B95 215

Hardenedd … … … … C56 570

Tempered

600°F 260,000 240,000 5 20 C51 510

440B Annealed 107,000 62,000 18 35 B96 220

Hardenedd … … … … C58 590

Tempered

600°F 280,000 270,000 3 15 C55 555

440C, 440F Annealed 110,000 65,000 13 25 B97 230

Hardenedd … … … … C60 610

Tempered

600°F 285,000 275,000 2 10 C57 580

501 Annealed 70,000 30,000 28 65 … 160

502 Annealed 70,000 30,000 30 75 B80 150

Ferritic Steels

405 Annealed 70,000 40,000 30 60 B80 150

430 Annealed 75,000 45,000 30 60 B82 155

430F, 430F (Se) Annealed 80,000 55,000 25 60 B86 170

446 Annealed 80,000 50,000 23 50 B86 170

a Minimum. 
b Depending on size and amount of cold reduction. 
c Hardening temperature 1800 degrees F, 1-in.-diam. bars. 
d Hardening temperature 1900 degrees F, 1-in.-diam. bars. 

Table 8. (Continued) Nominal  Mechanical Properties of  Selected Standard Stainless  

Grade Condition

Tensile
Strength

(psi)

0.2 Per Cent
Yield

Strength
(psi)

Elonga-
tion in
2 in.
(%)

Reduc-
tion of
Area
(%)

Hardness

Rock-
well Bhn
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High-Strength, Low-Alloy Steels.—High-strength, low-alloy (HSLA) steel represents a
specific group of steels in which enhanced mechanical properties and, sometimes, resis-
tance to atmospheric corrosion are obtained by the addition of moderate amounts of one or
more alloying elements other than carbon. Different types are available, some of which are
carbon–manganese steels and others contain further alloy additions, governed by special
requirements for weldability, formability, toughness, strength, and economics. These
steels may be obtained in the form of sheet, strip, plates, structural shapes, bars, and bar
size sections.

HSLA steels are especially characterized by their mechanical properties, obtained in the
as-rolled condition. They are not intended for quenching and tempering. For certain appli-
cations, they are sometimes annealed, normalized, or stress relieved with some influence
on mechanical properties.

Where these steels are used for fabrication by welding, care must be exercised in selec-
tion of grade and in the details of the welding process. Certain grades may be welded with-
out preheat or postheat.

Because of their high strength-to-weight ratio, abrasion resistance, and, in certain com-
positions, improved atmospheric corrosion resistance, these steels are adapted particularly
for use in mobile equipment and other structures where substantial weight savings are gen-
erally desirable. Typical applications are truck bodies, frames, structural members, scrap-
ers, truck wheels, cranes, shovels, booms, chutes, and conveyors.

Grade 942X: A niobium- or vanadium-treated carbon–manganese high-strength steel
similar to 945X and 945C except for somewhat improved welding and forming properties.

Grade 945A: A HSLA steel with excellent welding characteristics, both arc and resis-
tance, and the best formability, weldability, and low-temperature notch toughness of the
high-strength steels. It is generally used in sheets, strip, and light plate thicknesses.

Grade 945C: A carbon–manganese high-strength steel with satisfactory arc welding
properties if adequate precautions are observed. It is similar to grade 950C, except that
lower carbon and manganese improve arc welding characteristics, formability, and low-
temperature notch toughness at some sacrifice in strength.

Grade 945X: A niobium- or vanadium-treated carbon–manganese high-strength steel
similar to 945C, except for somewhat improved welding and forming properties.

Grade 950A: A HSLA steel with good weldability, both arc and resistance, with good
low-temperature notch toughness, and good formability. It is generally used in sheet, strip,
and light plate thicknesses.

Grade 950B: A HSLA steel with satisfactory arc welding properties and fairly good low-
temperature notch toughness and formability.

Grade 950C: A carbon–manganese high-strength steel that can be arc welded with spe-
cial precautions, but is unsuitable for resistance welding. The formability and toughness
are fair.

Grade 950D: A HSLA steel with good weldability, both arc and resistance, and fairly
good formability. Where low-temperature properties are important, the effect of phospho-
rus in conjunction with other elements present should be considered.

Grade 950X: A niobium- or vanadium-treated carbon–manganese high-strength steel
similar to 950C, except for somewhat improved welding and forming properties.

Grades 955X, 960X, 965X, 970X, 980X: These are steels similar to 945X and 950X with
higher strength obtained by increased amounts of strengthening elements, such as carbon
or manganese, or by the addition of nitrogen up to about 0.015 per cent. This increased
strength involves reduced formability and usually decreased weldability. Toughness will
vary considerably with composition and mill practice.

The composition, minimum mechanical properties, and formability of the HSLA steel
grades are shown in Tables 9 through 13.
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Table 9. Chemical Composition Ladle Analysis (max. per cent)

Sulfur, 0.05 per cent max; silicon, 0.90 per cent max.
Source: SAE Handbook, 1990. Reprinted with permission. Copyright © 1990. Society of Automo-

tive Engineers, Inc. All rights reserved.

Table 10. Minimum Mechanical Properties

Mechanical properties to be determined in accordance with ASTM A 370.
Source: SAE Handbook, 1990. Reprinted with permission. Copyright © 1990. Society of Automo-

tive Engineers, Inc. All rights reserved.

Grade C Mn P

942X 0.21 1.35 0.04

945A 0.15 1.00 0.04

945C 0.23 1.40 0.04

945X 0.22 1.35 0.04

950A 0.15 1.30 0.04

950B 0.22 1.30 0.04

950C 0.25 1.60 0.04

950D 0.15 1.00 0.15

950X 0.23 1.35 0.04

955X 0.25 1.35 0.04

960X 0.26 1.45 0.04

965X 0.26 1.45 0.04

970X 0.26 1.65 0.04

980X 0.26 1.65 0.04

Grade Form

Yield
Strengtha

(psi min)

a Yield strength to be measured at 0.2 per cent offset. 

Tensile
Strength
(psi min)

Elongation (% min)

2 in. 8 in.

942X Plates, shapes, bars
to 4 in. incl. 42,000 60,000 24 20

945A, C Sheet and strip 45,000 60,000 22 …
Plates, shapes, bars

To 1⁄2 in. incl. 45,000 65,000 22 18
1⁄2–11⁄2 in. incl. 42,000 62,000 24 19

11⁄2–3 in. incl. 40,000 62,000 24 19

945X Sheet and strip 45,000 60,000 25 …
Plates, shapes, bars

To 11⁄2 in. incl. 45,000 60,000 22 19

950A, B, C, D Sheet and strip 50,000 70,000 22 …
Plates, shapes, bars

To 1⁄2 in. incl. 50,000 70,000 22 18
1⁄2–11⁄2 in. incl. 45,000 67,000 24 19

11⁄2–3 in. incl. 42,000 63,000 24 19

950X Sheet and strip 50,000 65,000 22 …
Plates, shapes, bars

To 11⁄2 in. incl. 50,000 65,000 … 18

955X Sheet and strip 55,000 70,000 20 …
Plates, shapes, bars

To 11⁄2 in. incl. 55,000 70,000 … 17

960X Sheet and strip 60,000 75,000 18 …
Plates, shapes, bars

To 11⁄2 in. incl. 60,000 75,000 … 16

965X Sheet and strip 65,000 80,000 16 …
Plates, shapes, bars

To 3⁄4 in. incl. 65,000 80,000 … 15

970X Sheet and strip 70,000 85,000 14 …
Plates, shapes, bars

To 3⁄4 in. incl. 70,000 85,000 … 14

980X Sheet and strip 80,000 95,000 12 …
Plates to 3⁄8 in. incl. 80,000 95,000 … 10
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Table 11. Steel Grades in Approximate Order of Increasing Excellence

Source: SAE Handbook, 1990. Reprinted with permission. Copyright © 1990. Society of Automo-
tive Engineers, Inc. All rights reserved.

Table 12. Typical SAE heat treatments for Grades of Chromium–Nickel Austenitic 
Steels Not Hardenable by Thermal Treatment

Source: SAE Handbook, 1990. Reprinted with permission. Copyright © 1990. Society of Automo-
tive Engineers, Inc. All rights reserved.

Weldability Formability Toughness

980X 980X 980X

970X 970X 970X

965X 965X 965X

960X 960X 960X

955X, 950C, 942X 955X 955X

945C 950C 945C, 950C, 942X

950B, 950X 950D 945X, 950X

945X 950B, 950X, 942X 950D

950D 945C, 945X 950B

950A 950A 950A

945A 945A 945A

SAE
Steels

AISI
No.

Annealinga

Temperature
(degrees F)

a Quench to produce full austenitic structure in accordance with the thickness of the section. Anneal-
ing temperatures given cover process and full annealing as already established and used by industry,
the lower end of the range being used for process annealing. 

Annealing
Temperature

(deg. C)
Quenching
Medium

30201 201 1850–2050 1010–1120 Air

30202 202 1850–2050 1010–1120 Air

30301 301 1850–2050 1010–1120 Air

30302 302 1850–2050 1010–1120 Air

30303 303 1850–2050 1010–1120 Air

30304 304 1850–2050 1010–1120 Air

30305 305 1850–2050 1010–1120 Air

30309 309 1900–2050 1040–1120 Air

30310 310 1900–2100 1040–1150 Air

30316 316 1850–2050 1010–1120 Air

30317 317 1850–2050 1010–1120 Air

30321 321 1750–2050 955–1120 Air

30325 325 1800–2100 980–1150 Air

30330 … 1950–2150 1065–1175 Air

30347 347 1850–2050 1010–1120 Air



N
U

M
B

E
R

IN
G

 SY
ST

E
M

S
443

Table 13. Typical SAE Heat Treatments for Stainless Chromium Steels

Source: SAE Handbook, 1990. Reprinted with permission. Copyright © 1990. Society of Automotive Engineers, Inc. All rights reserved.

SAE
Steels

AISI
No.

Normalizing
Temperature (degrees F)

Subcritical
Annealing

Temperature (degrees F)
Full Annealinga

Temperature (degrees F)

a Cool slowly in furnace. 

Hardening
Temperature (degrees F)

Quenching
Medium Temper

51409 … … … 1625 … Air …
51410 410 … 1300–1350b

b Usually air cooled but may be furnace cooled. 

1500–1650 …
} Oil or air To desired hardness

… … … 1700–1850
51414 414 … 1200–1250b … …

} Oil or air To desired hardness
… … … 1800–1900

51416 416 … 1300–1350c

c Cool rapidly in air. 

1500–1650 …
} Oil or air To desired hardness

… … … 1700–1850
51420 420 … 1350–1450b 1550–1650 …

} Oil or air To desired hardness
… … … 1800–1900

51420Fd

d Suffixes A, B, and C denote three types of steel differing only in carbon content. Suffix F denotes a free-machining steel. 

… … 1350–1450b 1550–1650 …
} Oil or air To desired hardness

… … … 1800–1900
51430 430 … 1400–1500c … … … …
51430Fd … … 1250–1400c … … … …
51431 431 … 1150–1225b … 1800–1950 Oil or air To desired hardness

51434 …
} … 1400–1600c … … … …

51436 …
51440Ad 440Ad }

… 1350–1440b 1550–1650 1850–1950 Oil or air To desired hardness
51440Bd 440Bd

51440Cd 440Cd

51440Fd …
51442 442 … 1350–1500c … … … …
51446 446 … 1450–1600b … … … …
51501 501 … 1325–1375c 1525–1600 1600–1700 Oil or air To desired hardness
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