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STEEL, HIGH STRENGTH, HOT ROLLED SHEET AND
STRIP, COLD ROLLED SHEET, AND COATED
SHEETI-SAE J 1392 MAY82

Report of lhr Iron and Sled Technkal Commiuee, prepared by Division 32. approved May 1982.

Non:: Sheet and Strip. products formerly were included in J4lOc, but
are now induded in this separate recommended practice as a result of
the revision of SAE J410 currently (19!:l2) underway.

1. Scope-This recommended pra£lice covers seven levels of high
strenglh carbon and low-alloy hot rolled sheet and strip, cold rolled sheet,
and coaled sheet steels. The strength is achieved through chemical compo­
sition and special processing.

2. 1ntroduction-High strength steel discussed in this recommended
practice involves hot rolled sheet and strip and cold rolled sheet as dimen­
sionally described in ASTM A568 (A568M) latest revision (Steel, Carbon
and High-Strength Low-Alloy Hot-Rolled Sheet, Hot-Rolled Strip and
Cold-Rolled Sheet, General Requirements). It also includes coated sheet,
that is, sheet coated by hot dipping, electroplating, or vapor deposition
of zinc, teme, aluminum, and organic compounds normally applied by
coil coating. Public specifications related to these coated products are
the latest revisions of ASTM A525 (Steel Sheet, Zinc-Coated (Galvanized)
by the Hot-Dip Process, General Requirements), A591 (Steel Sheet, Cold
Rolled, Electrolytic Zinc-Coated), A463 (Steel Sheet, Cold-Rolled, Alumi­
num-Coaled Type I), and A308 (Steel, Sheet, Cold-Rolled, Long Terne
Coaled).

The strength is achieved through chemical composition and special
processing. Special processing includes mechanical rolling techniques,
and temperature control in hot rolling and subsequent heat treatments.
The primal'y use of high strength steel is based on the increased yield
and tensile properties which are higher than those of conventional sheet
and sU'ip for which minimum mechanical properties are not normally
spe('itied.

The seven strength levels are 35 (240), 40 (280), 45 (310), 50 (340),
nO (410), 70 (480) and 80 (550) ksi (MPa) minimum yield strength. Differ­
ent chemical compositions are normally used to achieve the specified
mechanical properties. These compositions are significantly dill"erent at
the same strength level depending on additional material requirements,
that is, weldability, formability, toughness, fatigue life, atmospheric corro­
sion resistance, and economics. The correct type of high strength sheet
ur strip should be specified to establish compatibility of the producers'
chemical composition with the fabrication and application requirements.

Because high strength steel lis characterized by special mechanical prop­
erties, consultation of producer and user in grade selection is recom­
mended to insure compatibility ohhe strength and forming requirements.
Cart: must be taken in designing parts, tooling, and fabrication processes
to obtain the greatest benefit from the high strength sheet and sU'ip steels.
It is advisable thai the purchaser furnish information to the producer
relating the individual requirements of an identified part; this may be
accomplished by visual examination of the part, by prints, through a de­
scription, or a mmbination of Ihese. Also, it is highly desirable for the
producer to observe the fabricating practices, or at least be provided
with a detailed description of the operations.

The steels discussed in this practice are characterized by their special
mechanical properties achieved through chemical composition and special
processing. They normally are not intended for any heat treatment by
the purchaser. Subjecting' these steels to such heat treatments will modify
the original mechanical properties. For certain applications these steels
may be annealed, normalized, or stress relieved with some effect on the
mechanical properlies. It is recommended that prior to such heat treat­
mCllls the producer and purchaser consult to determine the need for a
heat treatment and its effect on mechanical properties.

All grades and chemical compositions in this practice are weldable de­
spite the dilterences in carbon, manganese, and alloying additions. How­
ever, as variations in composition from one producer to another do exist,
it is advisable to discuss with the producers the features of their chemical
composition relative to specilic types of welding and any special consider­
ations li,r each application.

These steels, because of their high strength-to-weight ratio, may be
adapted Ell' use in mobile equipment and other structures where substan­
tial weight savings are generally desirable.

I The values Slaled in lI. S. cuslOmary unils are 10 be regarded as Ihe slandard
recommended practice.

SAE Recommended Practice

J. Generallnfonnation-The specific grades are identified by a six char­
acter code that describes the strength level, general chemical composition,
general carbon level, and deoxidation/sulfide inclusion control system,
as follows:

3.1 First, Second and Third Characters-Minimum yield strength
expressed in kips per square inch (ksi): 35, 40, 45, 50, 60, 70, and 80,
expressed as 035, 040, 045, 050, 060, 070, and 080 respectively, or as
megapascals (MPa): 240, 280, 310, 340,410,480, and 550.

3.2 Fourth Character--General chemical composition:
A-C and Mn only
B-C, Mn, N
C-C, Mn, P
S-C, Mn, (N and/or P added at producer option)

W-Weathering composition (Si, P, Cu, Ni, and Cr in various combina­
lions)

X-High Strength Low Alloy (HSLA), that is, Cb, Cr, Cu, Mo, Ni,
Si, Ti, V, Zr either singly or in combination, with a 10 ksi (70
MPa) spread between the specified minima of the yield and tensile
strengths. Nand P may be used in combination with any of the
aforementioned elements.

V-Same as X with a 15 ksi (100 MPa) spread between the specitied
minima of the yield and tensile strengths.

Z-Sallle as X with a 20 ksi (140 MPa) spread between the specified
minima of the yield and tensile strengths.

3.3 Fifth Character--General carbon level:
H-Maximum carbon as shown in Tables 3 and 4
L--O.13% carbon max. except as indicated in Table 4

3.4' Sixth Character-Deoxidation/sulfide inclusion control prac-
tices:

K-Killed, made to a tine grain practice
F-Sulfide inclusion controlled, killed, made to a fine grain practice

O-Other than K and F
3.5 A material grade corresponding to every combination of numbers

and letters is not available. Therefore, it is recommended that the pur­
chascr consnlt with the producers to determine that the desired grade
is available before releasing engineering approved prints and specifica­
tions, and before purchase orders are placed.

These steels are generally produced as semi-killed or killed steel, al·
though rimmed and capped practices may be used in certain situations.
When selecting a deoxidation practice, the following items should be
considered. Rimmed and capped steels are less homogeneous than killed
steels. Therefore, the producer must plan his processing to compensate
for variations in chemical composition and maintain mechanical strcngth
properties specified. With the greater range in chemical composition of
rimmed and capped steels, variations in fabrication, such as maintaining
part dimensions, springback, and breakage, on complex parts can result.
If these material variations are not compalible with specific part designs
and tooling, a deoxidation practice resulling in a more homogeneous
steel should be considered.

4. Mechanical Properlies-The mechanical properties or these high
streng"lh sheet and strip steels are show~ in Tables I (hot rolled) and ~

(cold rolled and coated). Current steel industry practice is to determine
the yield point of these materials by the drop of beam, halt of puilller.
dividers, 0.2% offset, or 0.5% extension under load method. In cases
involving displlle betweenltwo or more parties, the yield strength slull
be determined by the 0.2% offset method as described in ASTM :UiO.
Paragraph 13.2.1, which describes yield strength.

Because of the different rates of heat transfer in the various pans ul
a coil of hot rolled sheet steel, and to a lesser degree, the variation in
chemical composition, especially when deoxidation practices other than
killed are employed, mechanical properties will vary in a coil or cUllenglhs
which are sheared from a coil. Because of the faster cooling rates Ihat
may occur on the outside and inside (eye) wraps of a coil, the leading
and trailing ends of a coil tend to be harder and higher in yield and
tensile strength than the material from the interior of the coil. Clllliing
is generally faster as the thickness decreases, thus the strength tends Itl
increase as the thickness decreases. For a specified grade and thi"kn,'ss.
both wils and cut lengths will be produced to the same mill pranil'es,
Test.ing within the body of the coil cannot be performed by the prodll<"lT.
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TABLE I-MECHANICAL PROPERTIES-HOT ROLLED TABLE 3-CHEMICAL COMPOSITION (HEAT OR CAST ANALYSIS) HOT ROllED (All
maximums unle.. otherwise noted)

TABLE 2-MECHANICAL PROPERTIES-COLD ROLLED AND COATED

• Minimum tensile strength normally does not apply.
b Elongation Yolu." are dependent upon specimen geometry (erou-sectional area). Thicker

and wider IpKimens normally result in higher percentages.

• Minimum tensile strength normally does not apply.
b Elongation values are dependent upon' specimen geometry (cron-sectional area). Thicker

and wider specimens normally result in higher percentages.

thus producer testing is limited practically to coil ends and random pieces
sheared from coils ftlr cut length orders. Considering this practicallimita­
tion on testing, the producer has specific knowledge of mater'ial properties
onl)' at the lest location. Therefore, the mechanical properties in the
body of a coil may vary from those at the ends.

Based on the data developed from above, each producer establishes
testing procedures and frequency to ensure that the processes designed
to produce the specified mechanical properties are under control. These
procedures also provide knowledge of the produCl properties and guid­
ance in evaluating the product for the intended application. Since the
local manufanuring conditions vary from one producer location to an­
other, and the characterislics of the grades within the scope of lhis report
vary. there is no one testing fi'equency plan. If the pun:haser requires
any special testing program it should be discussed with the producer at
the time of evalualing the sleel grades for the intended application.

5. Chemical Composilion-The chemical composition of the steels in
this recommended practice may vary from one producing facility to an­
other for the same strength level. Therefore, it is not practical to list
all the combinations for each strength level and general chemical composi­
tion. While all producers comply with the carbon and manganese comelll
shown in Tables 3 and 4, a more precise value or range is dependent
on the alloys, if used, and their specific amollnts, the thickness of the
steel being produced on a given unit, and the special characteristics of

Carbona

Mongo-
Grad. H ne.e Additionol

035 A 0.20 0.13 0.60 None
035 B 0.20 0.13 0.60 Nitrogen
035 C 0.20 0.13 0.60 Phospho,us
0355 0.20 0.13 0.60 Producer option, i.e., A

or B or C
035 X, Y, Z 0.18 0.13 0.60 Mic,oalloy·
040 A, B, C, 5 0.2<4 0.15 0.90 5ame as 035 A, B, C, 5
040 X, Y, Z 0.20 0.13 0.90 Microalloyb
045 A, B, C, 5 0.25 0.17 1.20 5ame os 0.35 A, B, C,

5
045 W 0.22 1.35 Various combinations of

5i, P, Cu, C" Ni
045X,Y,Z 0.22 0.15 1.20 Microalloyb
050 A, B, C, 5 0.25 0.20 1.35 5ame as 035 A, B,C,. 5
050 X, Y, Z 0.23 0.17 1.35 MicroaUoy·

TABLE 4-CHEMICAL COMPOSITION (HEAT OR CAST ANALYSIS) COLD ROllED AND
COATED (All maximums·unle.. oth.rwise noted)

• Lower levels are available upon inquiry.
b Cb, V, and Ti are commonly used singly or in combination. Combinations of the following

elements a'e samelimes used with 0' without Cb, V, ond Ti: Cr, Cu, Mo, Ni, 5i, and Z,. P
ond/o, N moy be added to any of the fOlegoing.

the producing unit. Chemical composition is illlportallt lor achievillg the
specified millimum mechanical properties. Chemical compositioll also af~

!ects other properties such as wddability, It)rrnability, toughness, alld
fatigue. When these are critical, the [tbricator should discuss the details
with the producer so that the material selected will be compatible with
the fabncation and application requirements.

The following provides a brief descriptioll and comparison of the eight
compositional systems.

5.1 A-Carbon/Manganese--Only carbon and manganese are used
to meet the minimum strength requirements. No other demellls Ihal
significantly add 10 strength and hardness are intelllionally added. As
the carbon and/or manganese are increased, the strength and hardness
are illcreased, but ductility and weldability arc decreased. Carbon has a
greater el1l~Cl 011 these properties than manganese.

5.2 B-Nitrogenized-Nitrogen is used to increase strength and

Carbon"

Manga-
Grod. H Re,. Additional

035 A 0.25 0.13 0.60 None
035 B 0.25 0.13 0.60 Nitrogen
035 C 0.25 0.13 0.60 Phospho,us
0355 0.25 0.13 0.60 Producer option, i.e., A

0' B 0' C
035 X, Y, Z 0.13 0.60 Microolloy·

'0<40 A, B, C, 5 0.25 0.13 0.90 50me os 035 A, 8, C, 5
above

040 X, Y, Z 0.13 0.60 Microallay·
045 A, B, C, 5 0.25 0.13 0.90 50me as 035 A, B, C, 5

above
045 W 0.22 1.25 Various combinations of

5i, P, Cu, Ni, Cr
045 X 0.13 1.35 Mic,oalloyb
045 Y, Z 0.22 1.35 Miclaalloyb
050 A, B, C, 5 0.25 1.35 5ame as 035 A, B, C, 5

above
050 W 0.22 1.25 Various combinations, of

5i, P, Cu, Ni, C,
050 X 0.13 0.90 Microoll~yb

050 Y, Z 0.23 1.35 Micloalloyb
060 X 0.13 0.90 Mic,oolloy·
060 Y, Z 0.26 LSO Microolloyb
070 X 0.13 1.65 Microalloyb
070 Y, Z 0.26 1.65 Mic,oalloy·
080 X 0.13 1.65 Microalloy·
080 Y 0.18 1.65 Microolloy·

• lower levels ore available upon inquiry.
b Cb, V, and Ti are commonly used singly or in combination. Combinations of the following

elements oro sometimcu used with or without Cb, v, and Ti: Cr, Cu, Mo, Ni, Si and Zr. P
and/a, N moy be added 10 any of the foregoing.

21
28
20
27
18
25
25
25
25
16
22
22
22
22
20
20
17
17
14
14

22
27
20
25
18
22
22
22
22
16
20
20
20

% Elonga­
tion b

(2 in or
50 mm)

min.

%Elongo­
tion b

(2 In or
50 mm)

min.

65 (450)
55 (380)
60 (410)
65 (450)

70 (480)
60 (410)
65 (450)
70 (480)
70 (480)
75 (5201
80 (550)
85 (590)
90 (6201
95 (650)

Tensil.
Strength,

kal
(MPa)

min.

65 (450)
55 (380)
60 (410)
65 (450)

60 (410)
65 (450)
70 (480)

Tenaif.
Strength,

ksi
(MPa)

min.

35 (240)
35 (240)
40 (280)
40 (280)
45 (310)
45 (310)
45 (310)
45 (310)
45 (310)
50 (340)
50 (340)
50 (340)
50 (340)
50 (340)
60 (410)
60 (410)
70 (480)
70 (480)
80 (5501
80 (550)

35 (240)
35 (240)
40 (280)
40 (2801
45 (310)
45 (310)
45 (310)
45 (310)
45 (310)
50 (340)
50 (340)
50 (3401
50 (340)

Yi.ld
Strength,

ka.
(MPa)
.mln.

Yield
Str.ngth,

kal
(MPa)

min.Grad.

035 A, B, C, 5
035 X, Y, Z
040 A, B, C, 5
040 X, Y, Z
045 A, B, C, 5
045 W
045 X
045 Y
045 Z
050 A, B, C, 5
050 X
050 Y.
050 Z

Grad.

035 A, B, C, 5
035 X, Y, Z
040 A, B, C, 5
040 X, Y, Z
045 A, B, C, 5
045 W
045 X
045 Y
045 Z
050 A, B, C, 5
050 W
050 X
050 Y
050 Z
060 X
060 Y
070 X
070 Y
OBO X
080 Y
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