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ASTM A 36

Specification for Structural Steel Plate

DISCUSSION

ASTM A 36 steel is a widely accepted general purpose structural
quality steel offering a constant 36 ksi min. yield point for all thick-
nesses of material. It is widely used in the construction of build-
ings, bridges and other structures by means of welding, bolting or
riveting. This steel is useful because of its wide availability.

NOTCH TOUGHNESS

While these steels are not normally recommended where low tem-
perature notch toughness is critical, they have been used in many
bridges and other dynamically loaded structures at temperatures
at least as low as those found in the settled areas of Canada.
Some improvement in the low temperature notch toughness can
be obtained by specifying KILLED FINE GRAIN PRACTICE on all
thicknesses, but no consistent minimum value can be expected
unless impact testing has been specified by the purchaser.

CORROSION RESISTANCE

These steels have the same atmospheric corrosion resistance as
plain carbon steels, however, this may be enhanced by specifying
copper additions.

WELDABILITY

ASTM A 36 steel can be easily welded, using good shop or field
practices by all of the usual methods; shielded metal-arc, sub-
merged-arc, gas metal-arc and resistance welding.

GAS CUTTING

This material can be gas cut using good shop or field practices.
Cutting of this material generally does not require preheating, but
the steel temperature should not normally be below 50°F during
cutting.

FORMABILITY
ASTM A 36 can be cold formed using conventional equipment and
good shop practices. Suggested minimum cold forming radii are
given in the table.

Contd
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ASTM A 36 (contd)

Specification for Structural Steel Plate

FABRICATING PRACTICE FOR COLD FORMING
WITH BEND LINES PERPENDICULAR TO ROLLING DIRECTION

Thickness of Material Suggested Minimum Inside Radius
Up to 2" incl. 1%t
Over %4"to 1"incl. 2t
Over 1"to 1%"incl. 3t
Over 1%"to 2" incl. 4t

MECHANICAL PROPERTIES

Yield point, min. Ksi up to & incl. 8" thick 36
over 8" thick 32
Tensile strength, Ksi 58-80
Elongation in 8 in., min., % 20
Elongation in 2 in., min., % 23

CHEMICAL REQUIREMENTS

Over % Over1%  Over2Y

Thickness, in. All To% to1% to 2% to4d Over4
incl. incl. incl.

Carbon, max, % 026 0.25 0.25 0.26 0.27 0.29

Manganese, % ... 0.80-1.20 0.80-1.20 0.85-1.20 0.85-1.20

Phosphorus, max, % 0.04 0.04 0.04 0.04 0.04 0.04

Sulfur, max, % 0.05 0.05 0.05 0.05 0.05 0.05

Silicon, % 0.40 0.40 0.15-0.40 0.15-0.40 0.15-0.40

Copper, min, % when 0.20 0.20 0.20 0.20 0.20 0.20
copper steel is specified
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ASTM A 283

Specification for Low and Intermediate
Tensile Strength Carbon Steel Plate of Structural Quality

DISCUSSION

ASTM A 283 covers low and intermediate tensile strength carbon
steel plates for general manufacturing and constructional applica-
tions. This material is normally supplied in the rimmed or semi-
killed types of steel and is particularly suitable for the economical
production of assemblies requiring a considerable amount of
forming. Variations in low temperature impact properties are great
and these steels are not recommended for those applications
requiring low temperature notch toughness.

CORROSION RESISTANCE

This material has the same atmospheric corrosion resistance as
plain carbon steel but this may be enhanced by the use of copper
additions.

WELDABILITY

ASTM A 283 steels can be readily welded, using good shop or
field practices by all the usual methods; shielded metal-arc, sub-
merged-arc, gas metal-arc and resistance welding together with
suggested preheat temperatures.

GAS CUTTING
ASTM A 283 plates may be gas cut using good shop or field prac-
tices. Cutting of this material generally does not require preheat-

ing.

FORMABILITY

These steels can be readily cold formed using conventional equip-
ment and good shop practices. Grade A material will provide the
greatest cold formability with grades B, C and D providing pro-
gressively less formability in that order.

Contd
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ASTM A 283 (cont’d)

Specification for Low and Intermediate
Tensile Strength Carbon Steel Plate of Structural Quality

FABRICATING PRACTICE FOR COLD FORMING WITH BEND LINES
PERPENDICULAR TO ROLLING DIRECTION

Thickness of Material Suggested Minimum Inside Radius

Grade A Grade B Grade C Grade D

Up to %" incl. 1t 1t 1t 1t
Over %" to 2" incl. 1t 2t 2Vt 3t
Over %4"to 1"incl. 2t 4t Hot Form  Hot Form
Over 1"to 2"incl. 4t Hot Form  HotForm  Hot Form
Over 2" HotForm  HotForm  HotForm  HotForm

MECHANICAL PROPERTIES

Grade A Grade B Grade C Grade D
Yield point min., Ksi 24 27 30 33
Tensile strength, Ksi 45/60 50/65 55/75 60/80
Elongation in
8" min., % 27 25 22 20
Elongation in
2" min., % 30 28 25 23

CHEMICAL REQUIREMENTS

Heat Analysis, %

Phosphorus, max 0.035
Sulfur, max 0.04
Copper, when copper steel is
specified, min 0.20
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ASTM A 285

Specification for Low and Intermediate
Tensile Strength Carbon Steel Plates for Pressure Vessels

DISCUSSION

ASTM A 285 covers three grades of low and intermediate tensile
strength carbon steel plates intended for fusion-welded pressure
vessels up to a maximum of 2" thick. This material is normally
supplied in the rimmed or semi-killed types and is particularly suit-
able for economic production for low-pressure vessels coming
under the jurisdiction of the ASME Pressure Vessel Code.

CORROSION RESISTANCE

This material has the same atmospheric corrosion resistance as
plain carbon steel, but this may be enhanced by the use of copper
additions.

WELDABILITY

ASTM A 285 steels can be readily welded, using good shop or
field practices by all the usual methods; shielded metal-arc, sub-
merged-arc, gas metal-arc and resistance welding. This material
conforms to welding category P1 of the ASME Pressure Vessel
Code. Welded vessels under the ASME Code will normally require
post weld heat treatment of 1100°F for 1 hour per inch of thick-
ness.

GAS CUTTING
ASTM A 285 steels can be gas cut using good shop or field prac-
tices. Cutting of this material generally does not require preheat-

ing.

FORMABILITY
ASTM A 285 steels can be readily cold formed using conventional
equipment and good shop practices. Grade A material will provide
the greatest cold formability with Grade B and Grade C providing
progressively poorer formability in that order. Suggested minimum
cold forming radii are shown in the table below.

Contd
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ASTM A 285 (cont'd)

Specification for Low and Intermediate
Tensile Strength Carbon Steel Plates for Pressure Vessels

FABRICATING PRACTICE FOR COLD FORMING WITH BEND LINES
PERPENDICULAR TO ROLLING DIRECTION

Thickness of Material Suggested Minimum Inside Radius

Grade A Grade B Grade C
Up to %" incl. 1t 1t 1t
Over %" to %" incl. 1t 2t 25t
Over %4"to 1" incl. 2t 4t Hot Form
Over 1"to 2"incl. 4t Hot Form Hot Form
MECHANICAL PROPERTIES

Grade A Grade B Grade C
Yield point min., ksi 24 27 30
Tensile strength, ksi 45/65 50/70 55/75
Elongation in 8" min., % 27 25 23
Elongation in 2" min., % 30 28 27

CHEMICAL REQUIREMENTS

Composition, %

Elements
Grade A Grade B Grade C

Carbon, max* 017 0.22 0.28
Manganese, max

Heat analysis 0.90 0.90 0.90

Product analysis 0.98 0.98 0.98
Phosphorus, max* 0.035 0.035 0.035
Sulfur, max* 0.035 0.035 0.035

* Applies to both heat and product analyses.
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ASTM A 242

Specification for High Strength Low Alloy Structural Steels

DISCUSSION

ASTM A 242 covers high strength low alloy steel shapes, plates
and bars for welded, riveted or bolted construction intended pri-
marily for use as structural members where saving in weight or
added durability are important.

CORROSION RESISTANCE

These steels have enhanced atmospheric corrosion resistance of
at least 4 times that of carbon structural steels. This is due, in part,
to the tightly adhering oxide coating which develops under most
atmospheric conditions. The protection effect of the oxide pro-
vides greatly extended life. Under favourable conditions these
steels may be used in an exposed unpainted condition in buildings
and other structures.

WELDABILITY

ASTM A 242 steels can be welded using good shop or field prac-
tices by all of the usual methods; shielded metal-arc, submerged-
arc, gas metal-arc and resistance welding.

GAS CUTTING

These steels may be gas-cut using good shop or field practices.
Use of preheat for cutting or post-heat for softening cut edges will
be governed by the chemical composition and hardening charac-
teristics of the particular alloy steel involved.

FORMABILITY
ASTM A 242 steels can be cold formed using conventional press
brake equipment and good shop practices. Material 1 inch thick
and over, forms best in the normalized condition though this is not
mandatory.

Contd
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ASTM A 242 (contd)

Specification for High Strength Low Alloy Structural Steels

FABRICATING PRACTICE FOR COLD FORMING WITH BEND LINES
PERPENDICULAR TO ROLLING DIRECTION

Thickness of Material Suggested Minimum Inside Radius
Up to %" incl. 2t
Over %" to 1"incl. 2Vit
Over 1"to 1%"incl. 2Vt
Over 1%"to 2"incl. 3t
Over 2"to 4"incl. 3vit
MECHANICAL PROPERTIES
Plates
Up to %" Over %"to 1%" Over 17" to 4"

Yield point min., Ksi 50 46 42
Tensile strength min. Ksi 70 67 63
Elongation in 8" min., % 18 18 18
Elongation in 2" min., % 21 21 21
CHEMICAL REQUIREMENTS (%)

Carbon, max 0.15

Manganese, max 1.00

Phosphorus, max 0.15

Sulfur, max 0.05

Copper, min. 0.20
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ASTM A 515

Specification for Carbon Steel Plates for Pressure Vessels
for Intermediate and Higher Temperature Service

DISCUSSION

ASTM A 515 covers steel plates of intermediate tensile strength
for pressure vessels to be operated at intermediate or higher
temperatures. The four grades offer excellent combinations of
strength, weldability and toughness to permit designers flexibility
in the design of pressure vessels coming under the jurisdiction of
the ASME Pressure Vessel Code.

The plates are produced from fully killed steels and may be
ordered to have an austenitic grain size from 1 to 5 for improved
creep resistance and added resistance to graphitization at elevat-
ed temperatures.

This material cannot be expected to provide adequate notch
toughness, even in the normalized condition, to perform satisfac-
torily on low temperature pressure vessels.

CORROSION RESISTANCE
This material has the same atmospheric corrosion resistance as
plain carbon steel.

WELDABILITY

ASTM A 515 steels can be readily welded, using good shop or
field practices by all of the usual methods; shielded metal-arc,
submerged-arc, gas metal-arc and resistance welding. This mate-
rial conforms to Welding Category P1 of the ASME Pressure
Vessel Code. Since many plates may exceed 0.30% carbon con-
tent and 1 inch in thickness, special preheat requirements should
be carefully checked. Welded vessels under the ASME code nor-
mally will require post weld heat treatment of 1100°F for 1 hour
per inch of thickness.

GAS CUTTING

ASTM A 515 plates can be gas cut using good shop or field
practices. Plates over 0.30% carbon content and over 1 inch in
thickness may display some edge hardening; if this is a problem,
preheat to 200°F is suggested. Cutting of this material should not
normally be carried out at a metal temperature below 50°F.

FORMABILITY

This material can be readily cold formed using conventional
equipment and good shop practices. Grade 55 material provides
the greatest degree of formability, with progressively decreasing
formability for grades 60, 65 and 70. Suggested minimum cold
forming radii are given in the table.

Contd
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ASTM A 515 (contd)

Specification for Carbon Steel Plates for Pressure Vessels
for Intermediate and Higher Temperature Service

FABRICATING PRACTICE FOR COLD FORMING WITH BEND LINES
PERPENDICULAR TO ROLLING DIRECTION

Thickness of Material Suggested Minimum Inside Radius

Grade 60 Grade 65 Grade 70

Up to %" incl. 1%t 2t 214t
Over " to 2" incl. 3t 3t 4t
Over ¥2"to 1"incl. HotForm  HotForm  Hot Form

MECHANICAL PROPERTIES

Grade 60 Grade 65 Grade 70

Yield point min., Ksi 32 35 38
Tensile strength, Ksi 60/80 65/85 70/90
Elongation in 8" min., % 21 19 17
Elongation in 2" min., % 25 23 21

CHEMICAL REQUIREMENTS

Composition, %

Elements
Grade 60 Grade 65 Grade 70

Carbon, max“:

1in.and under 0.24 0.28 0.31

Over 1to 2in., incl. 0.27 0.31 0.33

Over2to4in.,incl. 0.29 0.33 0.35

Over4+to8in.,incl. 0.31 0.33 0.35

Over 8 in. 0.31 0.33 0.35
Manganese, max:

Heat analysis 0.90 0.90 1.20

Product analysis 0.98 0.98 1.30
Phosphorus, max* 0.035 0.035 0.035
Sulfur, max* 0.035 0.035 0.035
Silicon:

Heat analysis 0.15-0.40 0.15-0.40  0.15-0.40

Product analysis 0.13-0.45 0.13-0.45 0.13-0.45

4 Applies to both heat and product analyses.
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ASTM A 516

Specification for Carbon Steel Plates for Pressure Vessels
for Moderate and Lower Temperature Service

DISCUSSION

ASTM A 516 covers steel plates of intermediate tensile strength
for pressure vessels to be operated at atmospheric or lower
temperatures. The four grades offer excellent combinations of
strength, weldability and toughness to permit designers flexibility
in the design of pressure vessels coming under the jurisdiction of
the ASME Pressure Vessel Code.

The plates are produced from fully killed fine grained steels and in
the normalized condition will meet the requirements of ASTM
A 20: 15 ft.-Ibs. energy at -50°F on Charpy V-Notch specimens.

Since A 516 plates are made to a silicon-aluminum deoxidation
practice they are not recommended for elevated service tempera-
tures above 850°F.

CORROSION RESISTANCE
This material has the same atmospheric corrosion resistance as
plain carbon steel.

WELDABILITY

ASTM A 516 steels can be readily welded, using good shop or
field practices by all of the usual methods; shielded metal-arc,
submerged-arc, gas metal-arc and resistance welding. This mate-
rial conforms to Welding Category P1 of the ASME Pressure
Vessel Code. Welded vessels under the ASME code normally will
require post weld heat treatment of 1100°F for 1 hour per inch of
thickness.

GAS CUTTING

ASTM A 516 plates can be gas cut using good shop or field prac-
tices. Cutting of this metal should not normally be carried out at a
metal temperature below 50°F.

FORMABILITY

This material can be readily cold formed using conventional
equipment and good shop practices. Grade 55 material provides
the greatest degree of formability, with progressively decreasing
formability for grades 60, 65 and 70. Suggested minimum cold
forming radii are given in the table.

Contd
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ASTM A 516 (contd)

Specification for Carbon Steel Plates for Pressure Vessels
for Moderate and Lower Temperature Service

FABRICATING PRACTICE FOR COLD FORMING WITH BEND LINES
PERPENDICULAR TO ROLLING DIRECTION

Thickness of Material

Suggested Minimum Inside Radius

Grade 55 Grade 60 Grade 65 Grade 70
Up to %" incl. 1t 1%t 2t 24t
Over %" to 2" incl. 24t 3t 3t 4 t
Over 4" to 1"incl. HotForm  HotForm  HotForm  Hot Form
MECHANICAL PROPERTIES - PLATES
Grade 55 Grade 60 Grade 65 Grade 70
Yield point min., Ksi 30 32 35 38
Tensile strength, Ksi 55/65 60/72 65/67 70/85
Elongation in 8" min., % 23 21 19 17
Elongation in 2" min., % 27 25 23 21
CHEMICAL REQUIREMENTS
Elements Composition, %
Grade 55 Grade 60 Grade 65 Grade 70
Carbon, max“:
Y in. and under 0.18 0.21 0.24 0.27
Over % in. to 2in., incl. 0.20 0.23 0.26 0.28
Over2to4in., incl. 0.22 0.25 0.28 0.30
Over 4 to 8in.,incl. 0.24 0.27 0.29 0.31
Over 8 in. 0.26 0.27 0.29 0.31
Manganese:
“in. and under:
Heat analysis® 0.60-0.90 0.60-0.90 0.85-1.20  0.85-1.20
Product analysis® 0.55-0.98 0.55-0.98 0.79-1.30 0.79-1.30
Over % in.:
Heat analysis 0.60-1.20 0.85-1.20 0.85-1.20  0.85-1.20
Product analysis® 0.55-1.30 0.79-1.30 0.79-1.30 0.79-1.30
Phosphorus, max* 0.035 0.035 0.035 0.035
Sulfur, max* 0.035 0.035 0.035 0.035
Silicon:
Heat analysis 0.15-0.40 0.15-0.40 0.15-0.40 0.15-0.40
Product analysis 0.13-045 0.13-0.45 0.13-0.45 0.13-0.45

# Applies to both heat and product analysis.

5For each reduction of 0.01 percentage point below the specified maximum for
carbon, an increase of 0.06 percentage point above the specified maximum for
manganese is permitted, up to a maximum of 1.50 % by heat analysis and 1.60 %

by product analysis.
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CSA G40.21
STRUCTURAL QUALITY STEELS

In this format, the standard clearly identifies the types of steel that
should be considered whenever resistance to brittle fracture is a
design consideration; Type WT, AT or QT. These designations also
alert the steel producer to the fact that the intended application
requires a steel that is capable of displaying a specific level of
notch toughness.

To further simplify and expedite the ordering of Type WT, AT or QT
steel and to eliminate possible confusion between the designer
and the producer, one of five categories of notch toughness must
be selected and specified. For every grade covered by these
types, each category represents a specific level of absorbed ener-
gy at a particular temperature as indicated in Tables 2 & 3.

For example, if designers require a 50 Ksi minimum yield weather-
ing steel with certified impact testing of 20 ft. Ibs. at 0°F, they sim-
ply specify 50 AT, Category 2. Thus there can be no confusion at
the steel producer, or at any step between the designer and the
steel mill about the exact product required.

With these changes, the design community has been provided

with a logical, comprehensive range of structural steels that re-
flects the requirements of today’s designs and applications.
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CAN/CSA-G40.21
STRUCTURAL QUALITY STEELS

TYPE W - WELDABLE STEEL

Steels of this type meet specified strength requirements and are
suitable for general welded construction where notch toughness
at low temperatures is not a design requirement. Applications may
include buildings, compression members of bridges, etc.

TYPE WT — WELDABLE NOTCH-TOUGH STEEL

Steels of this type meet specified strength and Charpy V-Notch
impact requirements and are suitable for welded construction
where notch toughness at low temperature is a design require-
ment. The purchaser, in addition to specifying the grade, must
specify the required category of steel that establishes the Charpy
V-Notch test temperature and energy level. Applications may
include primary tension members in bridges and similar elements.

TYPE R - ATMOSPHERIC CORROSION-RESISTANT STEEL
Steels of this type meet specified strength requirements. The
atmospheric corrosion resistance of these steels in most environ-
ments is substantially better than that of carbon structural steels
with or without a copper addition.* When properly exposed to the
atmosphere, these steels can be used bare (unpainted) for many
applications. These steels may be welded readily up to the maxi-
mum thickness covered by this Standard. Applications include
unpainted siding, unpainted light structural members, etc, where
notch toughness at low temperature is not a design requirement.

TYPE A - ATMOSPHERIC CORROSION-RESISTANT
WELDABLE STEEL

Steels of this type meet specified strength requirements. The
atmospheric corrosion resistance of these steels in most environ-
ments is substantially better than that of carbon structural steels
with or without a copper addition.* When properly exposed to the
atmosphere, these steels can be used bare (unpainted) for many
applications. These steels are suitable for welded construction
where notch toughness at low temperature is not a design require-
ment and are often used unpainted. Applications are similar to

those for Type W.
Cont'd
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