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NOTE—Hig

Foreword—This [Document has also changed to comply with the new SAE Technical Standards Bo

detdiled in this separate Recommended Practice.

Scope—Th

hrd format.

n-strength, low-alloy Sheet and Strip products formerly were included in J41(c, but are now

s recommended practice covers seven levels of high strength- carbon and low-alloy hot rolled

sheet and $trip, cold rolled sheet, and coated sheet steels. The strength is achieved through chemical
composition|and special processing.
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4.1

Introduction—High strength steel discussed in this recommended practice involves hot rolled sheet and strip
and cold rolled sheet as dimensionally 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,
terne, 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, Aluminum-Coated Type 1), and A308 (Steel, Sheet, Cold-Rolled, Long Terne
Coated).

The strength is achleved through chemlcal composmon and spemal processing. SpeC|aI processing includes

mechanlcal

resistance,
compatibility

Because hid
user in grad
must be take
strength she
the individug
prints, throu

the fabricatipg practices, or at least be provided.with a detailed description of the operations.

The steels d
chemical co
purchaser.
certain appl
mechanical
consult to de

All grades

manganese,
exist, it is ad
types of wel

h strength steel is characterized by special mechanical properties, consultation
e selection is recommended to insure compatibility of the strength and forming req
n in designing parts, tooling, and fabrication processes to obtain the greatest ben
et and strip steels.
| requirements of an identified part; this may be accomplished by visual examinati
gh a description, or a combination of these. Also, it is highly desirable for the pro

scussed in this practice are chiaracterized by their special mechanical properties g
mposition and special processing. They normally are not intended for any heat
Subjecting these steels to such heat treatments will modify the original mechanica
cations these steelstmay be annealed, normalized, or stress relieved with sor
properties. It is fecommended that prior to such heat treatments the produce
termine the needfor a heat treatment and its effect on mechanical properties.

hnd chemical compositions in this practice are weldable despite the differe
and alleying additions. However, as variations in composition from one produd
visableto discuss with the producers the features of their chemical composition re

jreatments. The

are higher than
Ily specified.

(550) ksi (MPa)
e the specified
el depending on

4pheric corrosion
and economics. The correct type of high strength sheet or-strip should be spec
of the producers' chemical composition with the fabrication and application requifements.

fied to establish

of producer and
Lirements. Care
efit from the high

It is advisable that the<purchaser furnish information to the producer relating

bn of the part, by
jucer to observe

chieved through
reatment by the
properties. For
ne effect on the
I and purchaser

hces in carbon,
er to another do
lative to specific

Jing,'and any special considerations for each application.

These steels, because of their strength-to-weight ratio, may be adapted for use in mobile equipment and other
structures where substantial weight savings are generally desirable.

General Information—The specific grades are identified by a six character code that describes the strength
level, general chemical composition, general carbon level, and deoxidation/sulfide inclusion control system, as
follows:

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.
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4.2

4.3

4.4

4.5

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 combinations)

X—High Strength Low Alloy (HSLA), that is, Cb, Cr, Cu, Mo, Ni, Si, Ti, V, Zr either singly o

r in combination,

with a 10 ksi (70 MPa) spread between the specified minima of the yield and tensile strengths. N and

P may be used in combination with any of the aforementioned elements.

Y—Same as X with a 15 ksi (100 MPa) spread between the specified minima of the yield and tensile

strepgths:
Z—Same as X with a 20 ksi (140 MPa) spread between the specified minima of the
strengths.

Fifth Charagter—General carbon level:

H—Maxjmum carbon as shown in Table 3 and Table 4
L—0.13% carbon max except as indicated in Table 4

Sixth Chargcter—Deoxidation/sulfide inclusion control practices:

K—Killef, made to a fine grain practice
F—Sulfige inclusion controlled, killed, made to a fine grain‘practice
O—Other than K and F

A material grade corresponding to every combination:of'numbers and letters is not available
recommended that the purchaser consult with the producers to determine that the desired g

ield and tensile

Therefore, it is
rade is available

before releafing engineering approved prints and-specifications, and before purchase orders are placed.

These steel$ are generally produced as semi-killed or killed steel, although rimmed and capp
be used in cprtain situations. When selecting a deoxidation practice, the following items shoul
Rimmed an
processing

compensate for variations in chemical composition and maintain mechanical st
specified. ith the greater range in chemical composition of rimmed and capped stedq
fabrication, $uch as maintaining part dimensions, springback, and breakage, on complex pa
these maternjal variations«are” not compatible with specific part designs and tooling, a deo
resulting in @ more homoegeneous steel should be considered.

Mechanical|[Properties—The mechanical properties of these high strength sheet and strip S
in Table 1 (Hot-ralled) and Table 2 (cold rolled and coated). Current steel industry practice is

d practices may
be considered.

capped steels are less. homogeneous than killed steels, Therefore, the producer must plan his

ngth properties
Is, variations in
ts can result. If
idation practice

teels are shown
to determine the

yield point o 9
under load method.

0.5% extension

In cases involving dispute between two or more parties, the yield strength shall be

determined by the 0.2% offset method as described in ASTM A370, Paragraph 13.2.1, which describes yield

strength.
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TABLE 1—MECHANICAL PROPERTIES—HOT ROLLED

Yield Tensile
Strength, Strength,
ksi ksi % Elongation ()
(MPa) (MPa) (2in or 50 mm)

Grade min. min. min
035A,B,C, S 35 (240) (@) 21
035X%,Y,Z 35 (240) (@) 28
040A,B,C, S 40 (280) (@) 20
020X Y Z Z0(280]) 12) 27
045A,B,C, S 45 (310) (@) 18
045 W 45 (310) 65 (450) 25
045 X 45 (310) 55 (380) 25
045Y 45 (310) 60 (410) 25
0452 45 (310) 65 (450) 25
050A,B,C, S 50 (340) ) 16
050 W 50 (340) 70 (480) 22
050 X 50 (340) 60 (410) 22
050 Y 50 (340) 65 (450) 22
050 Z 50 (340) 70 (480) 22
060 X 60 (410) 70 (480) 20
060 Y 60 (410) 75 (520) 20
070 X 70 (480) 80 (550) 17
070 Y 70 (480) 85.(590) 17
080 X 80 (550) 90 (620) 14
080 Y 80 (550) 95 (650) 14

1. Elongation values areydependent upon specimen geometry
(cross-sectional area). Thicker and wider specimens
normally resultiinshigher percentages.

2. Minimum tensile strength normally does not apply.
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TABLE 2—MECHANICAL PROPERTIES—COLD ROLLED AND COATED

Yield Tensile
Strength, Strength,

ksi ksi % Elongation ()

(MPa) (MPa) (2in or 50 mm)
Grade min. min. min
035A,B,C, S 35 (240) (@) 22
035X%,VY,Z 35 (240) (@) 27
040A,B,C, S 40 (280) (@) 20
040X Y Z Z07(280]) 12) pe)
045A,B,C, S 45 (310) (@) 18
045 W 45 (310) 65 (450) 22
045 X 45 (310) 55 (380) 22
045Y 45 (310) 60 (410) 22
0452 45 (310) 65 (450) 22
050A,B,C, S 50 (340) (@) 16
050 X 50 (340) 60 (410) 20
050 Y 50 (340) 65 (450) 20
050 Z 50 (340) 70 (480) 20

1. Elongation values are dependent upon speCimen geometry
(cross-sectional area). Thicker and wider specimens
normally result in higher percentages.

2. Minimum tensile strength normally does not apply.

the different rates of heat transfer in the Warious parts of a coil of hot rolled shegq
e, the variation in chemical compositién, especially when deoxidation practices
d, mechanical properties will vary in"a coil or cut lengths which are sheared from
cooling rates that may occur on thie-outside and inside (eye) wraps of a coil, the leg
| tend to be harder and higherqivyield and tensile strength than the material from
g is generally faster as the.thickness decreases, thus the strength tends to
creases. For a specified grade and thickness, both coils and cut lengths will be
actices. Testing within the body of the coil cannot be performed by the producs
mited practically .t6_coil ends and random pieces sheared from coils for cu
this practical limitation on testing, the producer has specific knowledge of materig
cation. Therefore, the mechanical properties in the body of a coil may vary from tk

t steel, and to a
other than killed
a coil. Because
ding and trailing
he interior of the
increase as the
produced to the
r, thus producer
t length orders.
| properties only
ose at the ends.

e data.developed from above, each producer establishes testing procedures
he pfacesses designed to produce the specified mechanical properties are unde

intended ap|

also provrde knowledge of the product propertres and gurdance in evaluatrng th
M to another, and

nd frequency to
control. These
product for the

the characterlstrcs of the grades wrthrn the scope of thrs report vary, there is no one testing frequency plan. If
the purchaser requires any special testing program it should be discussed with the producer at the time of
evaluating the steel grades for the intended application.
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Chemical Composition—The chemical composition of the steels in this recommended practice may vary
from one producing facility to another for the same strength level. Therefore, it is not practical to list all the
combinations for each strength level and general chemical compositions. While all producers comply with the
carbon and manganese content shown in Tables 3 and 4, a more precise value or range is dependent on the
alloys, if used, and their specific amounts, the thickness of the steel being produced on a given unit, and the

special characteristics of the producing unit.
minimum mechanical properties.

Chemical composition is important for achieving the specified
Chemical composition also affects other properties such as weldability,

formability, toughness, and fatigue. When these are critical, the fabricator should discuss the details with the
producer so that the material selected will be compatible with the fabrication and application requirements.

TA

BLE 3—CHEMICAL COMPOSITION (HEAT OR CAST ANALYSIS) HOT ROLL}

(ALL MAXIMUMS UNLESS OTHERWISE NOTED)

ED

carbon @ Manga-
Grade H L nese Additional

035 A 0.25 0.13 0.60 None

035B 0.25 0.13 0.60 Nitrogen

035C 0.25 0.13 0.60 Phosphorus

035 S 0.25 0.13 0.60 Producer‘option, i.e., A or
BorC

035X%,Y,Z 0.13 0.60  Mjgroalloy @

040A,B,C,S 0.25 0.13 0.90 ¢Sameas035A,B,C,S
above

040 X, Y, Z 0.13 0:60"  Microalloy @

045A,B,C,S 0.25 0.13 0.90 SameasO035A,B,C,S
above

045 W 0.22 1.25 Various combinations of
Si, P, Cu, Ni, Cr

045 X 0.13 1.35  Microalloy®

045Y,Z 0,22 1.35  Microalloy®

050A,B,C, S 0.25 135 Sameas035A,B,C,S
above

050 W 0.22 1.25 Various combinations of
Si, P, Cu, Ni, Cr

050:% 0.13 0.90  Microalloy®

050Y,Z 0.23 1.35  Microalloy®

060 X 0.13 0.90  Microalloy®

060Y,Z 0.26 150  Microalloy®

070 X - 0.13 1.65  Microalloy®

070Y,z 0.26 - 165  Microalloy®

080 X 0.13 1.65 Microalloy®

080Y 0.18 1.65  Microalloy®

1. Lower levels are available upon inquiry.
2. Cb, V, and Ti are commonly used singly or in combination.

Combinations of the following elements are sometimes used with
or without Cb, V, and Ti: Cr, Cu, Mo, Ni, Si, and Zr. P and/or N
may be added to any of the foregoing.
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6.1

6.2

6.3

TABLE 4—CHEMICAL COMPOSITION (HEAT OR CAST ANALYSIS) COLD ROLLED AND COATED

(ALL MAXIMUMS UNLESS OTHERWISE NOTED)

The followin

A—Carbon
No other elg
or mangang
decreased.

carbon ¥ Manga-
Grade H L nese Additional

035 A 0.20 0.13 0.60 None

035B 0.20 0.13 0.60 Nitrogen

035C 0.20 0.13 0.60 Phosphorus

035 S 0.20 0.13 0.60 Producer option, i.e., A
oVl o BV

035X,Y,Z 0.18 0.13 0.60  Microalloy @

040A,B,C, S 0.24 0.15 0.90 Sameas035A,B,C,S

040 X, Y, Z 0.20 0.13 0.90  Microalloy®

045A,B,C, S 0.25 0.17 1.20 Sameas035A,B,C, S

045 W 0.22 1.35 Various combinations of
Si, P, Cu, Cr,,Ni

045 X,Y,Z 0.22 0.15 120 Microalloy®

050A,B,C, S 0.25 0.20 1.35 Same-asl035A,B,C, S

050 X, Y, Z 0.23 0.17 135  Micoatioy®

1. Lower levels are available upon inquiry.

2. Cb, V, and Ti are commonly used singly‘orin combination.
Combinations of the following elements are sometimes used
with or without Cb, V, and Ti: Cr, €uy Mo, Ni, Si, and Zr.

P and/or N may be added to any;of the foregoing.

h provides a brief description and cemparison of the eight compositional systems.

Manganese—Only carbon and,manganese are used to meet the minimum streng
ments that significantly add to strength and hardness are intentionally added. As
se are increased, the strength and hardness are increased, but ductility ang
Carbon has a greatefeffect on these properties than manganese.

B—Nitrogemnized—Nitrogen is“used to increase strength and hardness. Producers of this s

lower the ca
intentionally,
resulting prdg
potential to i
in part fabrig

Fbon and/or,manganese of the A system. Nitrogen is inherently present in all stee
so that thiecontent is higher than that normally exhibited in SAE 1006/1008/101(
duct npetaonly increases in strength and hardness, but, by additional processi

th requirements.
the carbon and/
weldability are

ystem generally
Is. When added
type steels, the
ng, provides the

hcrease’in strength beyond as-rolled strength. The additional processing usually i

this chemica

nvolves straining
encountered in

atien followed by a thermal treatment, such as a paint bake cycle. The nitroge
mmmWeduces ductility,

and with this consideration, nitrogenized steel may be specified when higher strength is desired beyond that

achieved by

simply forming the intended part.

Toughness may be reduced with the addition of nitrogen in

heavier thicknesses.

C—Phosphorized—As in previous case B, this system utilizes another strengthener, phosphorus, in
combination with carbon and manganese. The carbon and/or manganese of this system is usually lower than
that found in carbon/manganese steel (A). Phosphorus increases strength and hardness, but generally
reduces ductility and toughness. Phosphorized steel may be specified when nitrogenized steel (B) is not
suitable. Phosphorus is intentionally added so that the content is higher than that normally exhibited in SAE
1006/1008/1010 steel.
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6.4

6.5

6.6

S—Optional (A or B or C)—This system may be specified when the carbon/manganese steel (A),
nitrogenized steel (B), and phosphorized steel (C) chemical compositions are satisfactory for the intended
application. The advantage of using this system is that it provides more options.

W—Weathering—This system utilizes two or more elements to produce a weathering steel. The elements
most commonly used are silicon, phosphorus, nickel, copper, and chromium. The "atmospheric" corrosion
resistance is improved at least fourfold compared to plain carbon steel with less than 0.02% copper. As
"vehicle" corrosion is not limited to "atmospheric" corrosive environments, weathering steel will not provide
adequate protection.

X, Y, and Z—High Strength Low Alloy (HSLA)— From a chem|cal composmon standpomt these systems
can be grouped-tegethe hey-are-alloyed-syste wheh-the-aHeyiregis—a—m etree—pf strength. The
elements mgst commonly used are columbium (nloblum) titanium, vanadium, and zirconjum)| Other elements
such as chfomium, copper, molybdenum, nickel and silicon may be used. The elemen{s may be used
singularly of in combination to achieve the specified minimum mechanical properties. |Nitrogen and/or
phosphorus|may be used in combination with any of the aforementioned elements. "The use of these elements
enables the producer to reduce the carbon and/or manganese content. The majar, difference In these systems

is the spread between the specified minima of the yield and tensile strengths/This spread is
on the carbgn content, although other factors such as hot and cold rolling practices, and as

ainly dependent
ociated thermal

practices hgve some influence. Thus, steels in the X system usually eontain less carbon tlhan the Y and Z

systems, and steels in the Y system usually contain less carbon than the Z system. The
provide bett¢r formability, weldability, and toughness at a given stfength level than the steels
A, B, and C pystems.

Cold Bendipg—High strength steels are frequently fabricated by cold bending. There are

interrelated factors which affect the ability of a givenspiece of steel to form over any give[T

practice. THese factors include thickness, strength level, degree of restraint in bending, rela
direction, chemical composition, and microstructurg/ The table of Suggested Minimum Insig

se HSLA steels
produced by the

a multiplicity of
radius in shop
onship to rolling
e Radii for Cold

Bending, foll Hot Rolled Sheet and Strip, Table 5, lists those ratios which should be used @s minimums for

90 deg bends in actual shop practice. It recognizes that "hard way" bending (bend axis
direction) is pommon in production and presupposes that reasonably good forming practices
Where design permits, users are encouraged to employ larger radii than shown in Tablg
performancqg. Where the bend axis ‘can be designed across the width ("easy way") of the §
bends less than 90 deg, slightly tighter radii can be employed. As the cold forming becom
more difficult, that is from a straight bend to a curved or offset bend to stretching or drawing, it

arallel to rolling
ill be employed.
5 for improved
heet or strip, or
ps progressively
is advisable that

the producefr and user corsuit to determine the special material, design, and tooling reqyirements of the

application. | The fabricator:should be aware that steel may crack to some degree when bent
burned edgq. This ismat-considered to be the fault of the steel, but rather a function of the in
or heat affeqted zonex(HAZ).

Suggested rdermg Practice—Orders for matenal under th|s recommended practice sh

on a sheared or
duced cold work

puld include the

fO”OWIngInf ato oacrectatery oe e Sl iy aterar:

(1) SAE Recommended Practice number (J1392).

(2) Name of material (hot rolled or cold rolled or coated sheet, or hot rolled strip; in the case of coated
sheet, the specific coating should be described, such as electrozinc coated, hot dip zinc coated
(galvanized), aluminum coated, etc.)

(3) Grade (size character identification including minimum yield strength, chemical composition system,
general carbon level, deoxidation/sulfide inclusion control practice).

(4) Condition (specify pickled if required, specify oiled or not oiled as required, specify chemical treatment

for coated product if required).
(5) Copper bearing steel (when required).

(6a) Surface condition—Cold Rolled (indicate exposed, E, or unexposed, U; matte, or dull finish will be

supplied unless otherwise specified).
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