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ASTM A 1046/A 1046M-06 (Excerpts from ASTM Standards)
Standard Specification for Steel Sheet,

Zinc-Aluminum-Magnesium Alloy-Coated by the Hot-Dip Process

Scope

@ This specification covers zinc-aluminum-magnesium alloy-coated steel sheet in coils and cut lengths.
@ This product is intended for applications requiring corrosion resistance and paintability .

® The steel sheet is produced in a number of designations, types, grades and classes designed to be compatible with differing
application requirements.

O This specification is applicable to orders in either inch-pound units (as A 1046) or Sl units (as A 1046M). Values in inch-
pound and Sl units are not necessarily equivalent. Within the text, Sl units are shown in brackets.Each system shall be used
independently of the other.

@ This standard dose not purport to address all of the safety concerns, if any,associated with its use. It is the responsibility of
the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory lim-
itations prior to use.

@Table 1 Weight [Mass] of Coating Requirement*

Inch-Pound Units Sl Units
Minimum Requirement Minimum Requirement
Coating . . Coating . .
Designation Triple-Spot Test Slngle-Sp_ot Test Designation Triple-Spot Test Single-Spot Test
Total Both Sides, oz/ft? Total Both Sides, oz/ft? Total Both Sides, g/m? Total Both Sides, g/m?

ZM210 2.10 1.80 ZMM600 600 510
ZM165 1.65 1.40 ZMM500 500 425
ZM140 1.40 1.20 ZMM450 450 385
ZM115 1.15 1.00 ZMM350 350 300

ZM90 0.90 0.80 ZMM275 275 235

ZM75 0.75 0.65 ZMM220 220 190

ZM60 0.60 0.50 ZMM180 180 150

ZM40 0.40 0.30 ZMM120 120 90

ZM30 0.30 0.25 ZMM90 90 75

ZM20 0.20 0.16 ZMM60 60 50

“The coating designation number is the term by which this product is specified. Because of the many variables and changing conditions that are characteristic of con-
tinuous hot-dip coating lines, the weight [mass] of the coating is not always evenly divided between the two surfaces of a sheet, nor is the coating evenly distributed
from edge to edge. However, it can normally be expected that not less than 40 % of the single -spot test limit will be found on either surface.

*Prior consultation is requested for every lot of orders for the products having coating masses of ZM210, ZM165, ZM140, ZM115, ZMM600, ZMM500, ZMM450 and
ZMMB50.

@Table 2 Chemicale Requirements*
Composition, %-Heat Analysis Element, max (unless otherwise shown)

Designation C Mn P S Al, min Cu Ni Cr Mo Vv Cb Tié N

CS Type A®PE 0.10 0.60 0.030 0.035 0.20 0.20 0.15 0.06 0.008 0.008 0.025 :
CS Type BF 0.02to 0.15 0.60 0.030 0.035 0.20 0.20 0.15 0.06 0.008 0.008 0.025
CS Type CCPE 0.08 0.60 0.100 0.035 0.20 0.20 0.15 0.06 0.008 0.008 0.025
FS Type A®¢ 0.10 0.50 0.020 0.035 0.20 0.20 0.15 0.06 0.008 0.008 0.025
FS Type BF 0.02 to 0.10 0.50 0.020 0.030 0.20 0.20 0.15 0.06 0.008 0.008 0.025
DDSPEH 0.06 0.50 0.020 0.025 0.01 0.20 0.20 0.15 0.06 0.008 0.008 0.025
EDDS"™ 0.02 0.40 0.020 0.020 0.01 0.20 0.20 0.15 0.06 0.10 0.10 0.15

AWhere an ellipsis (- - -) appears in this table, there is no requirement, but the analysis shall be reported.

B For steels containing more than 0.02 % carbon, titanium is permitted to 0.025 % provided the ratio of % titanium to % nitrogen does not exceed 3.4.

€When a deoxidized steel is required for the application, the purchaser has the option to order CS and FS to a minimum of 0.01 % total aluminum.

D Steel is permitted to be furnished as a vacuum degassed or chemically stabilized steel, or both, at the producer's option.

EFor carbon levels less than or equal to 0.02 %, vanadium,columbium, or titanium, or combinations thereof are permitted to be used as stabilizing elements at the pro-
ducer's option. In such cases, the applicable limit for vanadium and columbium shall be 0.10 % max. and the limit for titanium shall be 0.15 % max.

FFor CS and FS, specify Type B to avoid carbon levels below 0.02%.

@ Shall not be furnished as a stabilized steel.

H Minimum Al content is not required if agreed to by purchaser and supplier.

!'Shall be furnished as a stabilized steel.

Remarks: Regarding the suffix H in the table, it is required for the lower limit for Al not to be provided. In cases when the lower limit for Al is necessary, prior consulta-

tion is requested.
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@Table 3 Chemical Requirements”

Composition, %-Heat Analysis Element, max (unless otherwise shown)

Designation (¢} Mn P S Cu Ni Cr Mo Ve Cb? 2 N
33[230] 0.20 s 0.04 0.040 0.20 0.20 0.15 0.06 0.008 0.008 0.025
37[255] 0.20 s 0.10 0.040 0.20 0.20 0.15 0.06 0.008 0.008 0.025
SS Grade 40[275] 0.25 s 0.10 0.040 0.20 0.20 0.15 0.06 0.008 0.008 0.025
50[340] Class1,2and4  0.25 s 0.20 0.040 0.20 0.20 0.15 0.06 0.008 0.008 0.025
50[340] Class 3 0.25 s 0.04 0.040 0.20 0.20 0.15 0.06 0.008 0.008 0.025
80[550] 0.20 s 0.04 0.040 0.20 0.20 0.15 0.06 0.008 0.015 0.025
40[275] 0.20 1.50 s 0.035 s 0.20 0.15 0.16 | 0.01 min |0.005 min| 0.01 min
50[340] 0.20 1.50 s 0.035 0.20 0.20 0.15 0.16 | 0.01 min |0.005 min| 0.01 min
HSLAS® 60[410] 0.20 1.50 cee 0.035 0.20 0.20 0.15 0.16 | 0.01 min |0.005 min| 0.01 min
70[480] 0.20 1.65 s 0.035 0.20 0.20 0.15 0.16 | 0.01 min |0.005 min| 0.01 min
80[550] 0.20 1.65 s 0.035 0.20 0.20 0.15 0.16 | 0.01 min |0.005 min| 0.01 min
40[275] 0.15 1.50 s 0.035 s 0.20 0.15 0.16 | 0.01 min |0.005 min| 0.01 min
50[340] 0.15 1.50 cee 0.035 0.20 0.20 0.15 0.16 | 0.01 min |0.005 min| 0.01 min
HSLAS-F~ 60[410] 0.15 1.50 ce 0.035 0.20 0.20 0.15 0.16 | 0.01 min |0.005 min| 0.01 min
70[480] 0.15 1.65 s 0.035 0.20 0.20 0.15 0.16 | 0.01 min |0.005 min| 0.01 min
80[550] 0.15 1.65 s 0.035 0.20 0.20 0.15 0.16 | 0.01 min |0.005 min| 0.01 min
“Where an ellipsis (- - -) appears in this table there is no requirement, but the analysis shall be reported.

BFor carbon levels less than or equal to 0.02 %, vanadium, columbium, or titanium, or combinations thereof, are permitted to be used as stabilizing elements at the
producer's option. In such cases, the applicable limit for vanadium and columbium shall be 0.10 % max, and the limit for titanium shall be 0.15 % max.

CTitanium is permitted for SS steels to 0.025 % provided the ratio of % titanium to % nitrogen does not exceed 3.4.

PFor steels containing more than 0.02 % carbon, titanium is permitted to 0.025 %, provided the ratio of % titanium to % nitrogen does not exceed 3.4.

EHSLAS and HSLAS-F steels commonly contain the strengthening elements columbium, vanadium, and titanium added singly or in combination. The minimum require-
ments only apply to the microalloy elements selected for strengthening of the steel.

FThe producer has the option to treat HSLAS-F steels by means of small alloy additions to effect sulfide inclusion control.

 Prior consultation is requested for every lot of orders for SS80 (550), HSLASE0 (410), MSLAS70 (480), HSLAS80 (550) and HSLAS-F products.

@Table 4 Mechanical Property Requirements Base Metal (Longitudinal)

Inch-Pound Units Sl Units
Designa- Grade Yield Strength, Tensile Stength, Elongation in Ereel Yield Strength, Tensile Stength,  Elongation in
tion min ksi min, ksia 2 in., min, %a min MPa min, MPaa 50 mm, min, %a
33 33 45 20 230 230 310 20
37 37 52 18 255 255 360 18
40 40 55 16 275 275 380 16
50 Class 1 50 65 12 340 Class 1 340 450 12
SS 50 Class 2 50 cee 12 340 Class 2 340 s 12
50 Class 3 50 70 12 340 Class 3 340 480 12
50 Class 4 50 60 12 340 Class 4 340 410 12
80° 80° 82 e 550° 550° 570 e
40 40 50° 22 275 275 340° 22
50 50 60° 20 340 340 410° 20
HSLAS 60 60 70° 16 410 410 480° 16
70 70 80° 12 480 480 550° 12
80 80 90° 10 550 550 620° 10
40 40 50° 24 275 275 340° 24
50 50 60° 22 340 340 410° 22
HSLAS-F 60 60 70° 18 410 410 480° 18
70 70 80° 14 480 480 550° 14
80 80 90° 12 550 550 620° 12
AWhere an ellipsis (- - -) appears in this table, there is no requirement.

BFor sheet thickness of 0.028 in. [0.71 mm] or thinner, no tension test is required if the hardness result in Rockwell B 85 or higher.

CAs there is no discontinuous yield curve, the yield strength should be taken as the stress at 0.5 % elongation under load or 0.2 % offset.

Pif a higher tensile strength is required, the user should consult the producer.

*Prior consultation is requested for every lot of orders for SS80 (550), HSLASE0 (410), MSLAS70 (480), HSLAS80 (550) and HSLAS-F products.

@Table 5 Typical Ranges of Mechanical Properties (Nonmandatory)* 2

(Longitudinal Direction)

Designation Yield Strength Elongation in rm Value® N Value®
ksi MPa 2 in. [50 mm]%
CS Type A 25/55 [170/380] >20 £ £
CS Type B 30/55 [205/380] >20 E €
CS Type C 25/60 [170/410] 215 E E
FS Types A and B 25/45 [170/310] 226 1.0/1.4 0.17/0.21
DDS 20/35 [140/240] 232 1.4/1.8 0.19/0.24
EDDS” 15/25 [105/170] =240 1.6/2.1 0.22/0.27

“The typical mechanical property values presented here are nonmandatory. They are intended solely to provide the purchaser with as much infomation as possible to
make an informed decision on the steel to be specified. Values outside of these ranges are to be expected. The purchaser may negotiate with the supplier if a specif-
ic range or a more restrictive range is required for the application.

BThese typical mechanical properties apply to the full range of steel sheet thicknesses. The yield strength tends to increase and some of the formability values tend to
decrease as the sheet thickness decreases.

Crm Value — Average plastic strain ratio as determined by Test Method E 517.

DN Value - Strain-hardening exponent as determined by Test Method E 646.

ENo typical mechanical properties have been established.

FEDDS Sheet will be free from chages in mechanical properties over time, that is, nonaging.

@Table 6 Coating Bend Test Requirements

Inch-Pound Units
Ratio of the Bend Diameter to Thickness of the Specimen (Any Direction)

oat CS, FS, DDS, EDDS Sheet Thickness SS Grade® HSLAS? HSLAS-F
CES Over
Designation* 0o thiough 007 in. 0079m. 3 S 40 40 5 60 4 50 6 70 80
ZM210 2 2 2 2 2 21/2
ZM165 2 2 2 2 2 21/2
ZM140 1 1 2 2 2 21/2
ZM115 0 0 1 11/2 2 212 | 112 | 11/2 3 1 1 1 112 | 11/2
ZM90 0 0 1 11/2 2 212 | 112 | 11/2 3 1 1 1 112 | 11/2
ZM70 0 0 0 11/2 2 212 | 112 | 11/2 3 1 1 1 112 | 11/2
ZM60 0 0 0 11/2 2 212 | 112 | 112 3 1 1 1 112 | 11/2
ZM40 0 0 0 11/2 2 212 | 112 | 112 3 1 1 1 112 | 11/2
ZM30 0 0 0 11/2 2 212 | 112 | 11/2 3 1 1 1 112 | 11/2
ZM20 0 0 0 11/2 2 212 | 112 | 11/2 3 1 1 1 112 | 11/2
S| - Units
Ratio of the Bend Diameter to Thickness of the Specimen (Any Direction)
CS, FS, DDS, EDDS Sheet Thickness SS Grade® HSLAS® HSLAS-F
D Coating Through Over 1.0 Over
esignation4 o through 2.0 mm B0 230 255 275 275 340 410 275 340 410 480 550
ZMM600 2 2 2 2 2 21/2
ZMM500 2 2 2 2 2 21/2
ZMM450 1 1 2 2 2 21/2
ZMM350 0 0 1 11/2 2 212 | 112 | 11/2 3 1 1 1 112 | 11/2
ZMM275 0 0 1 11/2 2 212 | 112 | 11/2 3 1 1 1 112 | 11/2
ZMM210 0 0 0 11/2 2 212 | 112 | 11/2 3 1 1 1 112 | 11/2
ZMM180 0 0 0 11/2 2 212 | 112 | 11/2 3 1 1 1 112 | 11/2
ZMM120 0 0 0 11/2 2 212 | 112 | 11/2 3 1 1 1 112 | 11/2
ZMM90 0 0 0 11/2 2 212 | 112 | 11/2 3 1 1 1 112 | 11/2
ZMM60 0 0 0 11/2 2 212 | 112 | 11/2 3 1 1 1 112 | 11/2

Alf other coatings are required, the user should consult the producer for availability and suitable bend test requirements.

BSS Grades 50 and 80 and HSLAS Grades 70 and 80 are not subject to bend test requirements.

€SS Grades 340 and 550 and HSLAS Grades 480 and 550 are not subject to bend test requirements.

*Prior consultation is requested for every lot of orders for the products having coating masses of ZM210, ZM165, ZM140, ZM115, ZMM600, ZMM500, ZMM450 and
ZMM350.
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