1. SCOPE

1.1 This specification covers four
grades of high-strength low-alloy struc-
tural steel shapes, plates, sheet piling,
and bars. Grades 290 {42}, and 345 [50]
are intended for riveted. bolted, or
welded construction of bridges, build-
ings, and other structures. Grades 415
{60}, and 450 [65] are intended for riv-
eted or bolted construction of bridges.
or for riveted, bolted. or welded con-
struction in other applications.

1.2 Supplemental Requirements are
provided where improved intemal qual-
ity and notch toughness is important.
These shall apply only when specified
by the owner in the order, except that
Supplementary Requirement S3 is man-
datory for material designated on the
contract drawings as main load carrying
member components subject to tensile
stress.

1.3 The use of columbium vana-
dium, and nitrogen, or combinations
thereof, within the limitations noted in

! Except {or supplemental Charpy V-notch toughness
requirements. the use of SI uniis and Table 3. this
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Section 5, shall be at the option of the
producer unless otherwise specified.
Where designation of one of these ¢le-
ments or combination of elements is de-
sired, reference is made to Supplemen-
tary Requirement S90 in which these
elements and their common combina-
tions are listed as to type. When such a
designation is desired, both the grade
and type must be specified.

1.4 The maximum thicknesses avail-
able in the grades and products covered
by this specification are shown in Ta-
ble 1.

1.5 When the steel is to be welded, it
is presupposed that a welding procedure
suitable for the grade of steel and in-
tended use or service will be utilized. See
Appendix X3 of ASTM Specification
A6M/A6 for information on
weldability.

1.6 Supplemental requirements are
provided where improved internal qual-
ity and notch toughness are important.
These shall apply only when specified
by the purchaser on the order.

1.7 The purchaser should consider
specifying supplemental requirements
such as fine austenitic grain size and

AASHTO DESIGNATION: M 223M/M 223-96
(ASTM DESIGNATION: A 572M/A 572-94c)

when Group 4 or Group 5 wide flange
shapes are specified for use in other than
column or compression applications.

1.8 This specification is applicable
to orders in either SI units (as M 223M)
or inch-pound units (as M 223). SI units
and inch-pound units are not necessarily
equivalent. Inch-pound units are shown
in brackets in the text for clarity, but
they are the applicable values when the
material is ordered to M 223.

2. REFERENCED DOCUMENTS

2.1 AASHTO Standards:

M 160M/M 160 General Re-
quirements for De-
livery of Rolled Steel
Plates, Shapes, Sheet
Piling and Bars for
Structural Use

M 183M/M 183 Specifica-
tion for Structurai
Steel

M 244M/M 244 Specifica-
tion for High-Yield-
Strength. Quenched
and Tempered Alloy
Steel Plate, Suitable

specification agrees with ASTM A ST2M/A 572-94c. Charpy V-Noich Impact requirements for Welding
TABLE1 Maximum Product Thickness "
Maximum Thickness or Size
Yield Point, Minimum Plates and Bars Structural
Shapes Zees and
Grade MPa [ksi] mm [in.] _Groups® Sheet Piling Rolled Tees
200 {4217 290 42] 150 [6] all ail ail
345 (5018 345 {501 100 [41 all all all
415 [60})% 415 [60] 32 {1.25] {, 2. and 3 ail all
450 {65] 150 [65] 12 [1.25] 1, 2. and 3 not available all

A See M 160M/M 160.

B1n the above tabulation, Grades 290, 345, and 415 (42, 50, and 60} are the yield point levels most closely approximating a geometric progression pattern between 250
MPa [36 ksi], min, yield point steels covered by M 183M/M 183 and 690 MPa {100 ksi], min, yield strength stecls covered by M 244M/M 244,
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478 SPECIFICATIONS FOR MATERIALDS M oLZ3M
TABLE 2 Chemical Requirements® (Heat Analysis)
5
Diameter Silicon
Thickness Plates to 40 mm [1'/; in.] Plates over 40 mm
or Distance . Thick. Shapes to 634 kg/m [1%, in.] Thick and
Between Paralle]  Structural Carbon, Manganese,© Phosphorus, Sulfur. {426 1b/ft). Sheet Piling,  Shapes Over 634 kg/m
Faces. mm [in.] Shapes max, max., max, max. Bars. Zees, and Rolled Tees.t [426 1b/ft) Range.
Plates and Bars Groups®? Grade percent  percent percent percent Max. percent percent -
150 [6} all 290 [42] 0.21 1.35¢ 0.04 0.05 0.40 0.15-0.40
100 (4] all 345 [50) 0.23 1.35¢ 0.04 0.05 0.40 0.15-0.40
32 (1) 1.2.3  415[60] 0.26 1.35¢ 0.04 0.0% 0.40 H
> 13-32 [Va-1'14) 2.3 450 [65] 0.23 1.65 0.04 0.05 0.40 N
= 13 ['h}f 17 450 [65] 0.26 1.35 0.04 G0~ 0.40 L

4 Copper when specified shall have a minimum content of 0.20 percent by heat analysis (0.18-percent product analysis)

48ee M 160M/M 160

€ Manganese. minimurn by heat analysis of 0.80 percent (0.75-percent product analysis) shall be required for all plates over 10 mm ¥ in.} in thickness: a minimum of
0.50 percent (0.45-percent product analysis) shall be required for plates 10 mm [V, in.] and less in thickness, and for all other producis. The manganese to carbon ratio shall

not be less than 2 to 1.

» Silicon content in excess of 0.40 percém by heat analysis must be negotiated.
£ Bars over 40 mm [/, in.] in diameter. thickness. or distance between parallel faces. shall be made by a killed steel practice.
F An alternative chemical requirement with a maximum carbon of 0.21 percent and a maximum manganese of 1635 percent is permissible with the balance of the elements

as shown in Table 2.

e

S A maximum of

of 1.50 p is permi

# The size and grade is not described in this specification.

T 243 Sampling Procedure
for Impact Testing of
Structural Steel

2.2 ASTM Siandard:

G 101 Guide for Estimating
the Atmospheric
Corrosion Resistance
of Low-Alloy Steels

3. GENERAL REQUIREMENTS
FOR DELIVERY

3.1 Material furnished under this
specification shall conform to the
applicable requirements of M 160M/M
160 for the ordered material unless a
conflict exists in which case this specifi-
cation shall prevail.

4. PROCESS

4.1 This steel shall be made by one
or more of the following processes:
open-hearth, basic-oxygen, or electric-
furnace.

4.2 The steel shall be made to fine
grain practice.

5. CHEMICAL
REQUIREMENTS

5.1 The heat analysis shall conform

to the requirements prescribed in Table
2 and in Section 5.3.

5.2 The steel shall conform on prod-
uct analysis lo the requirements pre-
scribed in Table 2 and Section 5.3 subject
to the product analysis tolerances in
M 160M/M 160.

5.3 Alioy content shall be in accor-
dance with one of the types ideniified
in Table 3.

6. MECHANICAL
REQUIREMENTS

6.1 Tensile Properties:

with an associated reduction of the carbon maximum of 0.03 percent.

6.1.1 The material as represented by
the test specimen shall conform to the
tensile properties given in Table 4.

NOTE—The revised specification is iden-
tified as Interim Specification M223M/
M223-871.

SUPPLEMENTARY
REQUIREMENTS

Standard supplementary requirements
for use at the option of the purchaser
are histed in M 160M/M 160. Those that

TABLE 3 Alloy Content

Elements Heat Analysis.
percent
Type 1 Columbium” 0.005 1w 0.05°
Type 2 Vanadium 0.01-0.15
Type 3 Columbium® (0.05 max percent) plus Vanadium® _ 0.02-05
0.015 max

Type 4 Nitrogen” (with vanadium)

4 Columbium when added either singly or in combination with vanadium shail be restricted to the following
thicknesses and sizes unless killed steel is furnished. Killed steel is confirmed by a stalement of killed steel on
the test report or by reporting strong deoxidizers. such as 0.10 min percent Si or 0.015 min percent Al

Maximum Plate. Bar. Sheet Piling, Zees,

Structural Shape Size Groupings

Grades and Rolled Tee Thickness. mm [in}] (M160M/M 160, Table A}
290 and 345 20 Groups | and 2
[42 and 50) [a) Groups | and 2
415 and 450 13 Group |
[60 and 65} [¥A Group |

¥ Product analysis limits = 0.004-0.060 percent.

€ Product analysis Jimits = 0.01 to 0.16 when columbium and vanadium arc used in combination.
P When nitrogen is added to vanadium, both elements shall be reporied. The minimum vanadium shall be
0.01 percent or a value which assures 2 4 10 | minimum ratio of vanadium to nitrogen, whichever is greater.
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