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2. REFERENCED DQCUMENTS

2.1 lIssues of documents. The following documents of the issue
in effect on the date of invitation for bids or request for pro-

posal, form a part of this standard to the extent specified
herein.
STANDARDS
MILITARY
MIL-STD-410 - Nondestructive Testing Personnel
Quatification and Certification
MTI _CTN _ALC? Inspection Dadinmmambkia
FMAL=o WU~ JO s lnSpeELLiuil, nau Ug' dplll\,

(Copies of specifications, standards, drawings and publications
required by contractors in connection with specific acquisition
functions should be obtained from the acquisition activity or as
directed by the contracting officer.)

2.2 Qther publications. The following documents form a part of
this standard to the extent specified herein. Unless otherwise
indicated, the issue in effect on date of invitation for bids or
request for proposal shall apply.
AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)
ASTM DS-56 - Unified Numbering System for Metals
and Alloys (Same as SAE HS1086)
(Copies may be obtained from American Society for Testing and Ma-
terials, 1916 Race Street, Philadelphia, PA 19103))
SOCIETY OF AUTOMOTIVE ENGINEERS (SAE)
SAE HS1086 - Unified Numbering System for Metals and
Alloys (Same as ASTM DS-56)
{FfAaniac ma hn mhtasdmad Fumm Candaby, ~nf Aiidomadd o Foodosme | DU
\Lupirco Imay v vulatiicd 17 oum JuLieLly U1 AULUNID LI Vt‘ lgIIIEL‘!b, 1
400 Commonwealth Drive, Warrendale, PA 15096.)
AMERICAN WELDING SOCIETY (AWS)

AWS A3.0
AWS B3.0

- Welding Terms and Definitions
- Welding Procedure and Performance Quali-
fication

"
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AWS DY 3 - Structural Welding Code
AWS D10.9 - Qualification of Welding Procedures

and Welders for Piping and Tubing

At

(Copies may be obtained from American Welding Society, 2501 N.W.
7th Street, Miami, FL 33125.) )

1 agcgociation cnpmﬁrahnns and

{Technical society and technica tion specificatio
standards are generally available for eference from libraries.
They are also distributed among technical groups and using Federal
agencies.)
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3. DEFINITIONS

3.1 MWelding terminology. The welding terminology of "Welding Terms
and Definitions"” AWS A3.0, shall be used in the interpretation of
this standard. Some of these items and additional terms are defined
below,

3.1.1 As-welded. The condition of weld metal, welded joints, and
weldments after welding but prior to any subsequent thermal, mechani-
cal, or chemical treatments.

3.1.2 Automatic welding. Welding with equipment which performs the
welding operation without adjustment of the controls of a welding
operator. The equipment may or may not perform the loading and un-
loading of the work.

3.1.3 Backing. A material (base metal, weld metal, carbon, or
granular material) placed at the root of a weld joint for the purpose
of supporting molten weld metal.

3.1.4 Base metal. The metal to be welded, soldered, or cut.

3.1.5 Blank. Part of a test weld removed for the preparation of
a bend test specimen or a metallographic specimen.

3.1.6 Butt joint. A joint between two members aligned approximately
in the same plane.

3.1.7 Complete fusion. Fusion that has occurred over the entire
base metal surfaces intended for welding and between all layers and
weld beads.

3.1.8 Complete joint penetration. Joint penetration in which the
weld metal completely fills the groove and is fused to the base metal
throughout its total thickness.

3.1.9 Defect. A discontinuity or discontinuities which by nature
or accumulated effect render a part or product unable to meet mini-
mum applicable acceptance standards or specifications. This term
designates rejectability.

3.1.10 Depth of fusion. The distance that fusion extends into the
base metal ar previous pass from the surface melted during welding.

3.1.11 Discontinuity. An interruption of the typical structure of

a weldment, such as a lack of homogeneity in the mechanical, metal-
lurgical, or physical characteristics of the material or weldment. A
discontinuity is not necessarily a defect.
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3.1.12 Filler meta). The metal to be added in making a welded,
brazed, or soldered joint.

3.1.13 Fusion zone. The areas of base metal melted as determined
on the cross section of a weld.

3.1.14 Heat-affected zone. That portion of the base metal which

has not been melted, but whose mechanical properties or microstructure
have been altered by the heat of welding, brazing, soldering, or
cutting.

3.1.15 Joint. The junction of members or the edges of members which
are to be joined or have been joined.

3.1.16 Machine welding. Welding with equipment which performs the
welding operation under the constant observation and control of a welding
operator. The eguipment may or may not perform the loading and un-
Joading of the work.

3.1.17 Manual wélding. A we
completely by hand.

3.1.18 Semiautomatic arc welding. Arc weiding with equipment which con-
trols only the filler metal feed. The advance of the welding is manually
controlled.

3.1.19 Test weld. A joint made by a welder for purposes of welder quali-
fication.

3.1.20 Welder. One who performs a manual or semiautomatic welding operation.

3.1.2) Welder certification. Certification in writing that a welder has
produced welds meeting prescribed standards.

3.1.22 Welding machine. Equipment used to perform the welding operation.
For example, spot welding machine, arc welding machine, seam welding
machine, etc.

3.1.23 Welding operator. One who operates machine or automatic welding
equipment.

3.2 Symbols and terms.

a. Sheet refers to both sheet and plate, where appropriate.

b. Tube refers to both tube and pipe, where appropriate.
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The lower case letter, t, indicates base metal thickness for
either sheet or tube wall.
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4, GENERAL REQUIREMENTS

4.1 Qualification requirements. To achieve qualified status, welders
and welding operators shall demonstrate their skill by producing
acceptable test welds in accordance with 4.7.1. No test welds are
required for those welds which will not be required in production

welding.

4.1.1 Welders. The correlation between test welds and production
welds shall be based on the following factors

a. MWelding process (see 5.1).

b. Base metal composition (see 5.2)

c. Base metal thickness (see 5.3).

d. Welding position (see 5.4).

e. Base metal form, sheet or tube {see 5.5)

f. Type of weld, groove or fillet (see 5.5)

g. Other welding conditions (see 5.6)

4.1.2. Welding operators. The correlation between test welds and pro-
duction welds shall be based on only the first three factors given in

4.2. Minimum requirements. The requirements of this standard are
minimum. Other requirements may be added by the contractor, but may
not be substituted for the requirements of this standard

4.3 Physical requirements. The contractor shall establish reasonable
and appropriate physical requirements for welders and welding operators.
It will be accepted that those whose corrected vision in each eye for

..... .__'LS
v

1ong distance is better than dU/JU and for 16 inches distance permit
reading of Joeger No. 2 type will ordinarily satisfy vision needs fo
welding.

4.4 ldentification. The contractor shall assign a unique number or
other identification to each welder or welding operator upon qualification.

4.5 Test records. The contractor shall complete a test record contain-
ing the essential information required as evidence of the welder or
welding operator quaTiFication These records shail be retained for

the period of time spec1r1eo in the contraCt or, if no retention time
specified, the period of record retention shall be for the duration of
gqualification.

4.5.1 Test record forms. Suggested test record forms are given in
Figure 1 and in the following “documents
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QUALIFICATION TEST RECORD

Name I4d. SS No.

v 4

Joint welding procedure Welder [ ] Welding operator [ )
[EST WELD
Base metal description Group No.
Welding process Single weld [ ] Double weld [ )
Current AC [ ) DC [ ] Backing Yes [ ] No [ ]
Vertical Down [ ] Up [ ] Penetration Complete [ ] Partial [ ]
Position Dimension, inch
Sheet groove 16 [ ] 26 1) 36 [1] 46 [ t
Tube groove 11} 26 {1 5 (1 0. D. ot B
Sheet fillet 1r [ ) 2Fr [ ] 3F [ ) 4F [ ] t
Tube fillet IF{] 2F 1] 4Fr () S5F [ ] 0. D t
Visual Pass [ ] Fail [ ] i
Radiographic NA [ ] Pass [ ] Fail [ ]
Bend NA [ ] pPass [ ] Fail [ ]
Metallographic NA [} Pass [ ] Fail [ ] ~/
QUALIFIED
Base Metal Group No. Single weld [ ] Double weld [ ]
Current AC [] DCI[) Backing with [ ] wWithout [ ]
Vertical Down (] Uo [ ] Penetration Complete { ] Partial [ ]
t, inch O. D., inch
Position Min. Max. Min. Max.
Sheet groove 1IG {1} 26 (1 3G [] 4G (]
Tube groove 1G[) 26 1] 5611
Sheet fillet 1r [} 2Fr [} 3F [ ] 4F [ ]
Tube fillet I () 2r U] 4F [} SF [ ]
The above named individual is qualified in accordance with MIL-STD-1595A within
the above limits for the welding process used for this test weld.
Date of test weld Signed by
Qualifier
\ 4
N’

FIGURE 1. Suggested test record form.

<o
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a. Structural Welding Code, AWS D1.1
b. Qualification of Welding Procedures and Welders for P1p1ng
and Tubing, AWS D10.9.

4.6 Requalification. A welder or welding operator shall be requali-
fied every five years to the same requirements as an original qualifi
cation. Requalification is alsoc required when either of the followin
two conditions are present.

4.6.1 A welder or welding operator has not welded with a given
welding process for a period of three months; except that this per1od
shall be extended to six months if the weider has welded with another
process of Table I.

4.6.2 There is a specific reason to question the ability of a welder
or welding operator te meet the requirements for qualification in a
given welding process

4.7 Alternate requalification. As an alternate to the requirements
of 4.6.1, requalification to the same requ1rements as an or1g1na1
qua11f1cat10n may be accompl1shed at two year intervals, in lieu of
the three month and six month restrictions.

w
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5. DETAILED REQUIREMENTS

5.1 Welding process. For welders and welding operators, a test
weld made with a given welding process of Table I qualifies only
that welding process. This standard does not apply to welding
processes not included in Table I.

TABLE I. Ffusion welding processes.

Oxyfuel welding (OFW)

Shielded metal arc welding {SMAW)
Submerged arc welding (SAW)

Gas tungsten arc welding (GTAW)
Gas metal arc weld1ng ( GMAW )

Flux cored arc weiding (FCAW)
Plasma arc welding (PAW)
Electron beam welding (EBW)

5.2 Base metals. For welders and welding operators, a test weld

made in a base metal included in one of the ten base metal groups of

Tab]e Il qualifies only that base metal group, except as modified by
5.2.) and 5.2.2 and as illustrated in Table I1I. The specific base
metals included in each of the base metal groups of Table II, are given
in the Appendix of this standard. Since the base metal groups are
intended only for the purpose of qualification, some of the base metal
groups contain base metals whose composition does not conform to the
nominal descripticn of the base metal group.

TABLE [I. Base metal groups

Nominal descriptio

Group Nominal descri on

la Carbon and low alloy steels

b Alloy steels

Ila Stainless steels

IIb Precipitation hardening stainless steels
I1la Nickel and nickel-base alloys

ITIb Precipitation hardening nickel-base alloys
1V Aluminum and aluminum-base alloys

v Magnesium-base alloys

Vi Titanium and titanium-base alloys

VII Cobalt-base alloys

10



5.2.1 Qualification in a base metal group with a "b” designator
also qualifies for base metal numbers with the same roman numeral
designator and an "a" designator. See Table 111

ABLE 111. Base metal groups qualified by test weld.

Test weld Qualified
la la
Ib la, 1b
11a 1la
I1b Ila, IIb
1I11a I11a
111b 11la, IIIb
1V 1V
v v
VI vl
Vi A8

5 2.2 For welders and welding operators, a separate qualifi cation
is required for each base metal not included in the Appendix, except
as modified in 5.2.2.

.1 Exception. A base metal not included in the Appendix, with
g characteristics similar to a given base metal group of the
\dix, may be qualified with any base metal of the given base metal

up. The preparlng activity shall be notified by the organizanior
qua11fy1ng a welder or welding operator under the provisio .
paragraph, with DD Form 1426 or a letter, of the two base metals
involved and the chemical composition of the base metal not included
in the Appendix.

> E o

£ 3 Base metal thickness. The qualification limits, with regard to
base metal thickness (sheet thickness or tube wall thickness), are
given below for welders and welding operators. These Timits apply to
both groove welds and fillet welds.

5 3.1 A test weld with a base metal thickness of t shall qualify welds
with a thickness range of 0.67t to 4t; except that, when the test weld
thickness is equal to or greater than 1 inch, the qualification range
is 0.67t to unlimited.

5. 3.2 Two test welds, each with members of equal thickness, shall
qualify welds with all intermediate thicknesses, in addition to the
th1ckness qualifications of 5. 3.1,

1
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5.4 Welding position.

5.4.1 Welders. The welding positions qualified by a given test weld
position, to be found at the left of Table 1V, are denoted by an X in
the table. The welding positions are illustrated in Figures 2 through 5.

or wolAd made in any woelds
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5.5 Base metal form and weld type.

5.5.1 HWelders. The base metal forms and weld types qualified by a
given test weld, to be found at the Teft of Table IV, are denoted by
an X in the table, with the exceptions given below.

than 0.063 inch in thickness requires a fillet test weld. Groove test
welds do not qualify for fillet welds in this thickness range.

5.5.1.1 Qualification for fillet welds in base metal equal to or less

5.5.1.2 A tube test weld shail qualify only for tubes of an outsid
A amatnm amiial +a A Amaa tnm than tha b dds A.-_-¢A_ AL b b .A1A
giamecey -tyuat Ly ur 8( Ca Ll Lian wneé oulsSiae aiamecer orv Lne LtesL wotitu.,

5.5.2 MWelding operators. A test weld of any base metal form and of any
weld type shall qualify for all base metal forms and all weld types. A
tube test weld of any outside diameter shall qualify for Lubes of any
outside diameter.

5.6 Other welding conditions. In addition to the welding process, base
metal co nosition hace metal thic ness woeldina nnc1+1nn hace motal
HiC v LUHIPV I LiIVIy wloT wC vl LITILRIIT O3y WO IUWIITY pPU VIVl WUaGC TIcsvuw
form and type of weld; other welding conditions which require a cor-
relation between the test weld and the production welds are given in
Table V

5.6.1 MWelders. The welding conditions qualified by the given test
weld conditions, to be found at the ieft of Table V, are denoted by an
Y an tha +ahla Tha riireant actrirtsnanc annd +ha NTAL
A i L Lgouicc, ll!C LCUr ity Lypc IC)LI FC LIS O}Jply Ulll)l LU LIl LIAW
process. For all other processes, a test weld made with either ac or

dc current qualifies for welds made with either current type.

5.6.2 Welding operators. The welding condition restrictions of Table V
do not apply to the qualification of welding operators.

5.7 Test welds. One test weld shall be required for each combination
-~& iml A mm A dd el mliiam da A YT Y 4 AT D Lm2mn ~ Y22 _ 4 T -4
OT weiaging LonagiyLions, given 1n «. 1.1 and 4.4 .,¢, De€wng quaiiviea, rest
welde chall he made in arcardanre wit a writton 3nint waldina nrncedure
wCiUs Sharit OC Madc i1nh allordante with a wriiien joint weiding procLedure

5.7.1 Groove test weld in sheet. The test weld is a butt joint in sheet
as described in Figure 6.

12
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TABLE IV. Welding position, base metal form, and
weld type qualified by test weid.
Test Weld Qualified position
| Sheet Tube
c
Zg Groove Fil]etl/ Groove Fi11etl/
Weld o _

Form | type o 16 2G 3G 4G 1F 2F 3F 4F 16 26 5G 6G | 1F 2F 4F 5F
Sheet | Groove | 16 X X X X X

26 X X X X X X X

3G X X X X X X X

4G X X X X X X X
Sheet | Fillet | IF X X .

2F X X X X

3F X X X X

4F X X X X X X
Tube | Groo 16 X X X X X X

2G X X X X X X X X

56 X X X X X X X X X X X

6G X X X X X X X X X X X X X X X X
Tube }Fillet | 1F X X

2F X X X X

4F X X X X X X

- 5F X X X X X X X X
1/ A welds in base metal

n
3
qua

(3]

t

w

o or less than 0.063 inch in thickness

roove test weld does not qualify for fillet
1

(see 5.5.1.1).
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welding position used to

weld from the upper side of the joint; the

is approximately horizontal

The position of welding
of the weld lies in an =

approximately horizontal plane and the face
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"(3 horizontal position.
in which the axis
vertical plane.
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vertical position.
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The position of welding in

which the axis of the weld is approximately

vertical.
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\\\\b//,//// flat position. The welding position used to
1E - weld from the upper side of the joint; the
: 3 face of the weld is approximately

horizontal.
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- horizontal position. The position in which
2 welding is performed on the upper side of
an approximately horizontal surface and
against an approximately vertical surface.
|
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/. vertical position. The position of welding
in which the axis of the weld is
approximately vertical.
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~
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4F

" overhead position. The position in which

welding is performed from the underside

of the joint.

positions 1F, 2F, 3F, and 4F.

EZL:::ijg



horizontal rolled position. The position of
a pipe joint in which the axis of the pipe

e anmnrAavimaraly hAaviozantal AarnA walAdnn
A0 Qppivasliiiaesay HV L AeViieQd y [~ SR WCLULIKB
is performed in the flat position by
rotating the pipe

vertical position. The position of a pipe

joint in which welding is performed in the
horizontal position and the pipe is not
rotated during welding.

horizontal fixed position. The position of a
pipe joint in which the axis of the pipe
is approximately horizontal and the pilpe
is not rotated during welding.

inclined position. The position of a pipe

joint in which the axis of the

ipe 1is
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flat position. The welding position used to 1 F /.‘/A\\\

weld from the upper side of the joint; the A
face of the weld is approximately (\\\\\\ Iﬁ
horizontal and the pipe is rotated during 45 X\
welding. /gak//
&
horizontal position The posicion in which 2F

an approximately horizontal surface
Q

against an apPTOledLCLy vertical

f
and the pipe is not rotated during wel

igLasThe B

overhead position. The position in which == -
welding is performed from the underside of 4F
the joint and the pipe is not rotated

during welding.

=

'_—;:-\J
/

B

n

M
)
\

i

multiple position. The position in which
the axis of the pipe is approximately
horizontal and the pipe is not rotated
during welding.

"
|

FIGURE 5. Fillet weld in tube: positions 1F, 2F, 4F, and 5F.
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TAGLE V. Welding conditions qualifiec by test weld.

Quali‘ied

Current
Backing Groove weld type 1/

Complete Partial
Test weld With | Without Single Double | penetration | penetration | ac {dc

With backing X

Without backing X X

Single welded X X
groove weld

Double welded X
groove weld

Complete

~Ronatestian
penciratci

-—

(o9
><
>

Partial
penetration weld X

ar unldiemn
act woiuiniiy

dc welding X

1/ Applicable only to GTAW process (see 5.6.1).

/ - L ! W pPTOLE > i\ =2 ¢
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!

J Al BASE METAL MINIMUM
H THICKNESS  DIMENSIONS
g t W L
% INCHES

L = <0.063 2 5
g >0.063 3 8

| &l i

t

| B

- - o —J

T [

FIGURE 6. Groove test weld in sheet.
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5.7.2 Fillet test weld in sheet. The test weld is a T-joint in
sheet as described in Figure 7.

a ac
T Qo

5.7.4 Fillet test weld in tube. The test weld is a tube to sheet
joint as described in Figure 9.

5.7.5 Specia] app]ications When none of the test welds described
above are applicable to a given production weld, a more limited welder
or we1d1ng operator qualification may be achieved with a test weld
ting of the g\\'/anl production weld or a test weld representative
A"

iven production weld.

5.7.5.1 Qualification limitations. The qualification is limited to the
welding conditions of the test weld with regard to we1d1ng process,
base metal compos1t10n base metal thickness, welding position, base

AL -~ 2=

2,
metal form, type of weld and the other welding conditions of 5.6.

5.7.5.2 Acceptance criteria. The required inspection, examination,
bend testing, and acceptance criteria shall be consistent with 5.9
t hrouah § 14

]

5.8 Inspection, examination, and bend testing requirements.

5.8.2 Radiographic inspection. Radiographic inspection is required
for all groove welds, except that bend testing may be used as an alter-
nate under the following conditions.

a. The base metal is not included in Table VI.
b.' The base metal is included in the Appendix.
¢. The members of the test weld differ in thickness by less than

10 pércent of the thicker member.
d. For tube welds, the outside diameter is equal to or more than
2 inches or the wall thickness is equal to or more than 0.250

inch.
5.8.3 Bend testing. Bend testing is required for all fillet welds
with a base metal thickness of more than 0.063 inch, except that
metallographic examination may be used as an alternate to bend testing.
Bend testing of groove welds may be used as an alternate to radiographic
inspection as described in 5.8.2.
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TABLE VI. Base metals for which bend testing is not applicable.

Base metal Unified )
group number Common description

Ia NA ONi-4Co steel
K92810 18Ni maraging steel

Ib AN

.1la K63198 19-3 DL
K63199 19-9 DX
R30155 N155
R30590 S$590
$15500 15-5PH stainless steel
S17400 17-4PH stainless steel
S35000 AM350 PH stainless steel
$35500 AM355 PH stainless steel
S41800 Greek Ascoloy
S42000 420
542200 422
S45000 Custom 450
S45500 Custom 455

1Ib AN

1I1lb Al

TV AQ3560 356
A92014 2014
A92219 2219

v Al

Vi R54620 Ti-6A1-2Sn-47r-2Mo
ROOZTU T‘.=5A’! 2Cb=-1Ta- 1Mo
R56260 -6A1-25n-47r-6Mo
R56620 T1 6A1-6V-2Sn
R58640 Ti-3A1-8V-6Cr-4Mo-47r
NA Ti-6A1-2Sn-2Zr-2Cr-2Mo
NA Ti-15vV-3Cr-3Mo-35n

VII A1

24
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5.9.4 Metaliograpnic examination. Metellographic examination is
required for all fillet welds with a base metal thickness of equal to
or less than 0.0€3 inch. Metallographic examination may be used as
an alternate to bend testing for fillet welds with a base metal
thickness of more than 0.063 inch.

5.8.5 Summary. The required inspection, examination, and bend
testing of test welds are summarized in Table VII.

5.9 Visual inspection procedure. Visual inspection shall be com-
pleted with the test weld in the as-welded condition.

5.9.7 Weld length. The center 4-inch length of welds in sheet of
equal to or less than 0.063 inch thickness, the center 6-inch
length of welds in sheet of more than 0.063 inch thickness, and the
entire weld in tubes shall be inspected.

5.9.2 Magnification. Inspection shall be performed at a magnification
of 3X for welds in base metal with a thickness of equal to or less than
0.063 inch and without magnification for more than 0.063 inch.

5.10 Radiographic inspection procedure. Radiographic inspection shall
be completed with the test weld in the as-welded condition, except as
modified by MIL-STD-453.

5.10.1 Weld length. The same length of weld as given in 5.9.1 shall
be inspected.

5.10.2 Radiography standard. Radiography shall be performed in
accordance with MIL-STD-453.

5.10.3 Radiographer qualification. Radiographers shall be qualified
in accordance with MIL-STD-410.

5.11 Preparation of bend specimens. Blanks for bend specimens may
be removed from the test weld by any means of cutting, provided that
any crack or heat affected zone caused by cutting is removed by
mechanical means. :

5.11.1 Groove welds in sheet.

a. Blanks for bend specimens shall be removed from test welds at
the locations shown in Figure 10.

b. The bend specimen type and dimensions for sheet are given in
Table VIIl. Each specimen type identified in Column 3 of
Table VIII is illustrated in Figure 11.
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pecimens in groove-welded sheet.
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|
Ta=or

TABLE VIII. Bend specimens for groove welds in sheet.

Base metal Bend test specimen
Dimensions, inch
Thickness Type 4 W
t shown in L
inch No. Fig.11 Min. | Max. Min. { Min. | Max.
1 2 3 4 5 b 7 8
< 0.063 ALY LB-a t 1/ 5 1.00 | 1.05
> 0.063- Al TB-b & TB-c 0.9t t 6 1.50 | 1.55
0.125
> 0.125- 2/ TB-b & TB-c 0.115 {0.135 | & 1.50 | 1.55
0.375
Others TB-t & TB-c¢ 0.9t t é 1.50 { 1.55
> 0.375- 2/ TB-b & TB-c 0.115 | 0.135 ] 6 1.50 | 1.55
0 or
SB-d 0.115 [ 0.135 | 6 t t
Others TB-b & TB-c 0.350 | 0.400 | © 1.50 | 1.55
or
SB-d 0.350 | 0.400 | 6 t t
> 0.750 2/ - SB-d 0.115 | 0.135 | 6 3/ t
Others SB-d 0.350 | 0.400 | 6 3/ t
1/ The weld face and root surfaces shall be dressed to produce smooth
surfaces with a maximum weld metal thickness variation of 10 percent.

A96061 and A96063 of Base Metal Group IV.

PR GACA RN La ot

For base metal thicknesses of »0.750 to 1.50 inch, W is equal to t.
For base metal thicknesses of ~1.50 inch specimens may be cut into
approximately equal strips between 0.75 and 1.50 inch wide for testing,

or the specimens may be bent at full width,

[TFSIEaN
N~
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/_\ ROOT BEND

ROOT BEND

NOTES:

AV

- e e e e e

SIDE BENU

FACE BEND

- Longitudinal corners of 6b, 6c,

and 6d specimens shall be
rounded to a radius not
exceeding 10 percent of

the finished thickness.

Dashed 1ines indicate
mach‘ined sSurvacCes.

Where members of the test
weld differ in thickness,

the finished dimensions of the
bend specimen shall be based
on the thickness of the thicker
member .

FIGURE 11. Bend specimensin groove-welded sheet. Continued.
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FACE or ROOT BEND

FIGURE 12. Blank locations for bend specimens
in groove-welded tube.
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5.11.2 Groove welds in tube.

a. Blanks for bend specimens shall be removed from test welds
at the locations shown in Figure 12.

b. The bend specimen type and dimensions for tube are given
in Table IX. Each specimen type identified in Column 4 of
Table IX is illustrated in Figure 13.

5.11.3 Fillet welds in sheet. Blanks for bend specimens shall be
removed from the test weld at the location shown in Figure 14.

5.11.4 Fillet welds in tube. Blanks for bend specimens shall be
removed from the test weld at the locations shown in Figure 15.

5.12 Bend testing procedure. Testing may be performed with the bend
specimen either in the as-welded or any heat-treated condition.

5.12.1 Groove welds.

5.12.1.1 Base metal thickness of more than 0.063 inch. Bend specimens
chall be hent in the wrap-around bend test fixture illustrated in

Figure 16. After clamping the bend specimen firmly in place, the roller
(planetary cylinder) shall be advanced slowly through an arc of 180
degrees from its starting location directly below the fixed mandrel
(cylinder with radius A). Root bend specimens shall be placed with the
weld root out toward the roller and face bend specimens shall be placed
with the weld face out toward the roller.

5.12.1.2 Alternate method for base metal thickness of more than 0.063 inch.
Bend specimens shall be bent in the ram-and-die bend test fixture
illustrated in Figure 17. After placing the bend specimen across the

die shoulders, with the center of the weld at the center of the die

opening for transverse bend and side bend specimens, the specimen shall

be forced into the die cavity by applying a load to the ram until the
curvature of the specimen will not allow a wire of 0.12 inch diameter to

be inserted between the specimen and the die cavity. Root bend specimens
shall be placed with the weld face against the ram and face bend specimens
shall be placed with the weld root against the ram.

5.12.1.3 Base metal thickness of equal to or less than 0.063 inch. Bend
specimens with a base metal thickness of equal to or less than 0.063

inch shall be tested in a manner similar to that described in 5.12.1.1,
except that the roller is not used. The free end of the bend Specimen

is gripped with pliers and slowly wrapped around the fixed mandrel.
Specimens shall be placed with the weld face against the fixed mandrel,
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TABLE IX. Bend specimens for groove welds in tube.
Tube Bend test spa2cimen
Dimensigns, inch
Qutside Wall Base Type |—
diameter} thickness metal | shown in| t, W
inch t, inch number | Fig.13 Min Max Min Max .
1 2 3 4 5 6 7 8
<2 Al Radiographic inspection
2-5 <0.250 Radiographic inspectlgﬁ
>0.250- 1/ TB-e & TB-f[0.115 .0.135 }{0.750 |0.800
0.375 !
Others | TB-e & TB-f| 2/ 2/ 0.750 |0.800
<0.375- 1/ TB-e & TB-f10.115 |0.135 {0.750 {0.800
0.750 or
SB-g 0.115 10.135 t t
Others | TB-e & TB-f| 3/ 3/ |o0.750 |0.800
or
SB-g 0.350 |0.400 t t
>0.750 1/ SB-g 0.115 {0.135 t t
Others $B-g 0.350 [0.400 | t t
> 5 <0.250 Radiographic inspection
>0.250- 1/ TB-e & TB-f{0.115 {0.135 |1.50 1.55
0.375
Others |[TB-e & TB-f{ 2/ 2/ 1.50 {1.55
>0,375- 1/ TB-e & TB-f|0.115 (0.135 {1.50 |1.55
0.750 or
SB-g 0.115 |0.135 t t
Others |TB-e & TB-f 1.50 1.55
or 3/ 3/
SB-g 0.350 {0.400 | t t
>0.750 1/ SB-g 0.115 10.135 4/ t
Others $B-g 0.350 0.400 4/ t
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A96061 and A96063 of Base Meta)
The maximum t] is the thickness
the curved surface to a plane.

Group 1V.
resulting from dressing of
The minimum ty is 0.9 times

the maximum.

The maximum ty is the thickness resuiting from dressing the
curved surface to a plane, or 0.400 in., whichever is the lesser
In the first case, the minimum t] is 0.9 times the maximum. In
the second case, the minimum ty is 0.350 in.

For wall thicknesses of>0.750 to 1.50 in., W is equal to t. For

wall thicknesses of »1.50 in., specimens méy be cut into approxi-
mately equal strips between 0.75 and 1.50 in. wide for testing,
or the specimens may be bent at full width.
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- Dashed lines indicate
machined surfaces.

--Where the members of the test
weld differ in wall thickness,
the finished dimensions of the
bend specimen shall be based on
the thickness of the thicker
member.

d. BEND SPECIMEN SECTION DETAILS

FIGURE 13. Bend specimensin groove-welded tube. Continued.
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|

A = Ft,, where A is the bend radius
' F is the bend factor

t, is the bend specimen thickness

|

NOTES:

1.

Dimensions not shown are the option of the designer. An essential con-
sideration is to have adequate rigidity for the applied loads.

ansverse weld bend specimens, the center of the weld shall
ated within ang.{'c‘ L.

This clearance dimension shall be a maximum of 0.06 inch plus 0.1 t}.

This roller shall be free to rotate about its cylindrical axis and §pa]1
have a minimum diameter of 0.75 inch. The minimum roller width shall be
¥ plus 0.25 inch.

This fixed mandrel may or may not be free to rotate about its cylindrical
axis and shall have a minimum width of W pius 0.25 inch.

FIGURE 16. Wrap-around bend test fixture.
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i
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is the bend radius

e m bha bhawd Lanmndawm

1S LIEg vttty 1av Lur
1 is the bend specimen thickness

A = Ft], where

NOTES :

1/ Dimensions not shown are the option of the designer. An essential
consideration is to have adequate rigidity for the applied loads.

2/ The length of the ram shall be sufficient to reach the bottom of the die
cavity. The ram shall be fitted with an appropriate base and provision

T 4 r - A me
men

L - Y o -
Snait pe made T0r diidc

POV

to the testing machine.

[l
-'r
o}
[ald

3/ The minimum width of the die cav1ty and the ram shall be equal to W plus
0.25 1in.

4/ The maximum radius of the die cavity shall be equal to A plus 1.1t, plus
0.06 in. The minimum depth shall be 2 in. The die shall be fitted with
an appropriate base and provision shall be made for maintaining the ram

LBHLEFEU in LHE UIE LGVlLy

fen

/ Thig dimension shall be twice the radi

(R g 1}

s of the die cavity

W
DRV

6/ Either hardened and greased shoulders or hardened rollers, free to rotate,
shall be used. The minimum radius shall be 5t, or 0.75 in., whichever is
Tess. '

FIGURE 17. Ram-and-die bend test fixture.
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§.12.1.4 8end radius. The bend radius (A) to be used with a given
bend specimen thickness and a given base metal may be found in Table X.
Other ranges of bend specimen thickness and bend radius may be used,
provided that the bend factor does not exceed the range of F to 1.1F.
(See equation of Figure 16.)

5.12.2 Fillet welds.

5.12.2.1 Loading. The stem of the bend specimen shall be loaded
parallel to the cap sheet, so that the root of the weld is in tension.
The load shall be slowly increased until the specimen fractures in
the weld.

5.12.2.2 Weld fracture. Where it is necessary to ensure fracture in
the weld, the weld face shall be grooved as shown in Figure 18. For
fillet welds in tube, the groove shall be cut before the bend specimen
blanks are removed from the test weld.

5.13 Metallographic examination. Blanks for metallographic specimens
shall be removed from test welds in accordance with Figures 19 and 20.

5.13.1 Cutting. Removal from the test weld may be by any means of
cutting, provided that any crack or heat affected zone caused by cutling
is removed by mechanical means.

5.13.2 Trimming. Extraneous metal may be trimmed from the blanks,
either before or after removal from the test weld, to obtain a metal-
lographic specimen of convenient size, provided that the entire weld
and heat affected zone at the designated cross section remains in the
metallographic specimen.

5.13.3 Cross sections. Each of the cut weld cross sections, designated
in Figures 19 and 20, of the metallographic specimens shall be smoothed
by fine abrasive or file and etched with a suitable reagent to clearly
reveal the weld macrostructure for examination at a magnification of

5X.

5.14 Acceptance criteria.

5.14.1 Visual inspection.

5.14.1.1 Groove welds. Groove welds in sheet or tube which have any
of the following defects are unacceptable:

a. Any type of crack.
b. Incomplete joint penetration.
¢. Underfill,
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NOTES: G shall be a maximum of 0.5 t
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FIGURE 18. Slotted fillet weld.
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FIGURE 19. Blank locations for metallographic
specimens in “ille*-welde” sheet.

FIGURE 20. Blank locations for metallographic
specimens in fillet-welded tube.
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d. OQOverlap

e For test welds with a base metal thickness of more than
0.063 inch, undercut at any location in excess of 0.05
t or 0.032 inch, whichever is the lesser.

f. Mismatch at any location in excess of 10 percent of the base
metal thickness or 0.12 inch, whichever is the lesser, except
that a mismatch up t6 25 percent is allowed for a base metal
thickness of equal to or less than 0.063 inch.

g. Reinforcement of the weld face or the weld root in excess
of that shown in Table XI.

5.14.1.2 Fillet welds. Fillet welds in sheet or tube which have
either of the following defects are unacceptable:

a. Any type of crack.

b. Overlap.

5.14.1.3 Base metal thickness of more than 0.063 inch. Fillet welds
in sheet or tube with a base metal thickness of more than 0.063 inch,
which have any of the following defects, are unacceptable:

a. Undercut at any location in excess of 0.1 t or 0.063 inch, ~r
whichever is the lesser

b. Fusion evident at any sheet or tube surface opposite the weld
bead.

c. For base metal thickness equal to or less than 1 inch,a leg
size less than t. For a base metal thickness of more than
1 inch, the minimum leg size shall be 1 inch. Where the
members of the test weld differ in thickness, the minimum
leg size shall be based on the thinner member.

d. For base metal thickness equal to or less than 1 inch, a
Teg size in excess of 3 t, or t plus 0.25 inch, whichever
is the lesser. For a base metal thickness more than 1 inch,
the maximum leg size shall be 1.25 inch. Where the members
of the test weld differ in thickness, the maximum leg size
shall be based on the thinner member.

e. A ratio of the leg of larger size to the leg of smaller size
greater than 1.5 at any location.

f. For a convex weld, at any location a convexity in excess of 0.1
times the average leg size at that location.

3. For a concave weld, a theoretical throat size of less than
0.5t at any location. Where the members of the test weld differ
in thickness, the minimum theoretical throat size shall be
based on the thinner member.

>
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TABLE XI. Maximum allowable weld reinforcement.
Maximum allowable weld reinforcement 1/
Face Root
Base
metal Base Base
thickness metal Any metal Any
t, in, group location group location
< 0.063 All 0.020 inch + t 1V and V 0.030 inch + ¢
' or 0.050 inch gr 0.070 inch
la, Ib, Ila, Ilb, 0.020 inch + t
I11a, IIlb, VI, or 0.050 inch
and VII
» 0.063 AN 0.8 t IV and V t
or 0.25 inch or 0.25 inch
la, Ib, ITa, IIb 0.8 t
I1la, !IIb, VI, or 0.25 inch
and VI1

1/ The applicable maximum is the smaller of the two values given in
the body of the table.



5.14.2 Radiographic inspection. oo’
5.14,2.1 Interpretation of indications.
a. A linear indication i{s defined as one whose maximum dimension
is more than three times its minimum dimension,
b. Non-linear indications with major and minor dimensions shall
be evaluated as an equivalent circle with estimated average
diameter. This estimated diameter shall be the size used in
determining the acceptability of the indication, and the area
corresponding to this estimated diameter shall be used in
calculating the area of an indication.
¢. Tungsten inclusions shall be counted as porosity.
d. In a test weld with a base metal thickness of equa] to or
less than 0.063 inch, disregard all indications of less
than 0.002 inch size. In a test weld with a base metal thick-
ness of more than 0.063 inch, disregard all indications of
iess than $.005 inch or 0.02 t size, whichever is greater.
5.14.2.2 Unacceptable indications. Test welds, ‘whose .ad. graph of
the inspected length shows any of the following indicat ion are unac-
ceptable:
a. Any type of crack,
b. Incompiete joint penetration, except as indicated in 5.14.2.2c.
c. Internal linear indications in excess of those shown in Table XI\»J;
d. Porosity in excess of that shown in Table XIII. Examples of
the allowable maximum total porosity area and the maximum pore
size are shown in Figure 21.
TABLE XII. Maximum linear indications.
TnAsratsn Tonnt ]_/
AIUI\'U\- [V AR} IEII&LH
Base metal thickness, inch
Linear indication < 0.063 > 0.063
Length of any indication 2t t or 0.38 inch?/
Accumulated length in any 2t t or 0.38 inchz/
1 inch weld length
A . 2/
verage length t 0.5t or 0.18 inch=
1/ Mhere the members of the test weld differ in thickness, t is
the thickness of the thicker member.
2/ The applicable maximum is the smaller of the two values.
[N 4
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D T . m e md Py e

iy
oo

e v b o v Ao WITYTNITMNM



MIL-STD-1595A
TABLE XIIl. Maximum aliowable porosity.
Porosity size, area, or amount
Base metal thickness 1/
Porosity - 0.063 2/ > 0.063 3/

Any pore 0.6 t 0.4 t or 0.18 inch 4/

DAawne n€ -~ N 2T ¢+ Q nAroc A

rurcy vl - U.J 18 (& pUI TO [A¥a)

Pores of > 0.2 t or NA 12 pores

>0.12 inch 4/

Total porosity area 0.10 t inch™ 0.10 inch

~Y a e - - ~ NA & :,A‘LZ ~ (230} « FS _'_.,LZ

Cluster porosity area 0.04 t inch 0.025 t inch

sm ami: 1172 Sdaomrmbh ~L

n dlly /< traen Ut

wold lannt

wLe W l\.l's\oll

) . . 2 .2

Aligned porosity area 5/ 0.02 t inch 0.015 t inch

1/ Where the members of the test weld differ in thickness, t is the
thickness of the thicker member.

21 Thaoaean =1, arnly, 44 2 A sark wualA VYanath TAawv mrnnun wolde

£/ HCSC leucb appily v a %« THLTT woiu ICIIBLH.‘ Fol 9! UVUVCT woiuo
in tube, the values shall be adjusted in proportion to the tube
circumference.

3/ These values apply to a 6 inch weld length. For groove welds in
tube, the values shall be adjusted in proportion to the tube
circumference.

4/ The applicable maximum is the lesser of the two values.

5/ Aligned porosity is defined as a group of more than 3 pores within

- 1/7 $mrbh A€ wold Yannth anAd whirh may ho intorcacrtoed hy a ctrainht
I/L rwe i Ul w1l u |CHHL“, atriu WIIILIl IIO)’ uc THLTI ODCL LT U IJJ a )L‘ﬂ!y"l-
line
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] -
[ ] 9 '
. [ ]
a. Base metal thickness: 0.032 inch
Represents 1 inch of weld length at 5X magnification
- Q . [ J _ e
d ®
b. Base metal thickness: 0.0A3 inch
Represents 2 inches of weld length at 3X magnification
Py ® . . ®
®
c. Base metal thickness: 0.125 inch
Represents 2 inches of weld length at 3X magnification
' . . . @ [} '
. * * * .
d. Base metal thickness: 0.250 inch
Represents 6 inches of weld length at no magnification
FIGURE 21.

Allowable maximum total porosity area and
maximum pore size.
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° . Y . ° )
[ ] . ° . . .
- . . - - . .
e. Base metal thickness: 0.50 inch
Represents 6§ inches of weld length at no magnification
e . _— s . s ¢ e T
e e @ ° .
. [ ] . ’ * . ) . . ° .
f. Base metal thickness: 1.00 inch o .
Represents 6 inches of weld length at no magnification
. o . ° i ° Py ° . ® ®
{ ]
L
[} ° . ‘ . .
e e ® ® e d .
® ¢ s ‘o
e © °
® ® e [] [
g. Base metal thickness: 2.00 inches
Represents 6 inches of weld length at no magnification
o ¢ ® ) L J ®
® ® ° i ° ¢ ® ® 9 ®
® ® ° .
L o ©
o ® - ® he
h Race mbf.&] thirknoce . A NN snrhae
. va oo -G ARSI SR AN § Lo s M T LUV L TICD
Represents 6 inches of weld length at no magnification
FIGURE 21. Allowable maximum total porosity area and maximum

pore size.

Continued.
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5.14.3 Bend specimens.

5.14.3.1 Groove welds. Groove welds bend specimens having open
defects exceeding t or 0.12 inch, whichever is the lesser, on the
convex surface are not acceptable. Cracks occurring on the corners
shall not be considered, unless it is evident that they result from
weld defects.

] o crmarSmane s~ b n‘b. s ks
5.14.3.2 Fillet welds Fillet weld bend specimens wniCn exnioi

]
less than complete fus1on to the root of the joint are not acc eptable.
The left-hand fillet of Figure 22 illustrates this condition prior
to bending. The right-hand fillet illustrates minimum acceptable
root fusion.

5.14.4 Metallographic examination.

5.14.4,1 Interpretation of defects.

a. A linear defect is defined as one whose maximum dimension
is more than three times its minimum dimension.

b. Non-linear defects with major and minor dimensicns shall be
evaiuated as of an equivalent estimated average ci

The estimated diameter shall be the size used in d mining
the acceptability of the defect, and the area corr nding
to this estimated diameter shall be used in calcul g the

area of a defect.
C. Tungsten inclusions shall be counted as porosity.

d. In a test weld with base metal thickness of equal to or less
than 0.063 inch, disregard ail defects of less than 0.002
inch size.

e. In a test weld with a base metal thickness of more than 0.063

t s1ze, whichever is greater.

5.14.4.2 Fillet weld defects. Fillet welds which have any of the
following defects are unacceptable:

a. A crack which intersects the weld face.

b. A crack at the weld root which exceeds 0.2 times the actual
throat size or 0.12 inch, whichever is the lesser

c. Incomplete fusion at the weld face

d. Overlap.

e. Undercut at any cross section in excess of 0.1 t or 0.063
inch, whichever is the lesser.

N
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LSRN

i | ' . —H_— J

INCOMPLETE COMPLETE
FUSION FUSION
FIGURE 22. Complete and incomplete fusion
in fillet welds.
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Less than complete fusion to the root of the joint, as
illustrated in Figure Z22.

d. An individual pore size in
whichever is the lesser.
weld differ in thic

] Ll
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Custodians:

Air force - 20
Army - MR
Navy - AS

Review activities:
Air Force - 99
Army - EA, AR, MI

AV
the thicker member.
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APPENDI X

10. GENERAL

10.1 Scope. The classification of metals by base metal groups for
welder and welding operator qualification is given in this Appendix.
The base metals are identified by the Unified Number of the Unified
Numbering System for Metals and Alloys and by the common description.

10.2 This Appendix is a mandatory part of this Standard.
Base Metal Group la. Carbon and Alloy Steels
Unified Unified
Number Common Descriptiogn Number Common Description
G10050 Carbon steel G15220 Carbon steel
G10060 Carbon steel 615240 Carbon steel
610080 Carbon steel 615270 Carbon steel
G10090 Carbon steel J02502 Carbon steel
“ 610100 Carbon steel J02503 Carbon steel
G10110 Carbon steel J02504 Carbon steel
G10120 Carbon steel J02505 Carbon steel
G10130 Carbon steel J02506 Low alloy steel
610150 Carbon steel J03002 Carbon steel
G10160 Carbon steel J03003 Carbon steel
610170 Carbon steel J03004 Carbon steel
510180 Carbon steel J03011 Carbon steel
G10190 Carbon steel J11522 Low alloy steel
Gi10200 Carbon steel J11549 Low alloy steel
G10210 Carbon steel Ji2072 Low alloy steel
510220 Carbon steel J12080 Carbon steel
610230 Carbon steel J12082 Low alloy steel
G10250 Carbon steel J12092 Carbon steel
G10260 Carbon steel Ji12522 Low alloy steel
610290 Carbon steel J12524 Low alloy steel
G10300 Carbon steel J13005 Low alloy steel
610330 Carbon steel J13047 Low alloy steel
610340 Carbon steel J21890 Low alloy steel
G10350 Carbon steel J22000 Ltow alloy steel
G10370 Carbon steel J22091 Low alloy steel
610380 Carbon steel J31550 Low alloy steel
G10390 Carbon steel J42045 Alloy steel
G10400 Carbon steel J82090 Alloy steel
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Base Metal Group la. Carbon and Alloy Steels (continued)

Unified Unified

Number Common Description Number Common Description
K01200 Carbon stee! K02700 Carbon steel
k0120 Carbon steel k02701 Carbon stee!
¥01501 Carbon steel k02702 Carbon steel
K01502 Carbon steel K02703 Carbon steel
K01504 Carbon steel K02704 Carbon steel
K01506 Carbon steel K02705 Carbon steel
K01 601 Carbon steel K0Z707 Carbon steel
k01700 Carbon steel K02800 Carbon stee)
k01701 Carbon stee) k02801 Carbon steel
01800 Carbon steel Xx02802 Carbon steel
K01801 Carbon steel K02803 Carbon steel
K01802 Carbon steel K02804 Carbon steel
K01805 Carbon steel K02900 Carbon steel
K01806 Carbon steel K03000 Carbon steel
K01807 Carbon steel K03002 Carbon steel
K01808 Carbon steel K03003 Carbon stee!l
K02000 Carbon steel K03004 Carbon steel
K200 Carbon steel K03005 Carbon steel
K02003 Low alloy steel K03006 Carbon steel
K02004 Carbon steel K03007 Carbon steel-
K02005 Carbon steel K03008 Carbon steel
K02007 Carbon steel K03009 Carbon steel
K0z2008 Carbon steel KG3010 Carbon steel
¥K02100 Carbon steel Kg3on Carbon steel
K02101 Carbon steel K03012 Carbon steel
K02102 Carbon steel K03013 Carbon steel
K02104 Carbon steel K03100 Carbon steel
K02200 Carbon steel K03101 Carbon steel
K02201 Carbon steel K03102 Carbon steel
K02202 Carbon steel K03103 Carbon steel
K02203 Carbon steel K03200 Carbon steel
K02300 Carbon steel K03300 Carbon steel
K02400  Carbon steel K03501 Carbon steel
K02401 Carbon steel K03502 Carbon steel
K02402 Carbon steel K03503 Carbon steel
K02403 Carbon steel K03504 Carbon steel
K02404 Carbon steel K03505 Carbon steel
K02500 Carbon steei K03506 Carbon steel
K02500 Carbon steel K03507 Carbon stee)
K02501 Carbon steel K04001 Carbon steel
K02502 Carbon steel k04700  Carbon steel
K02503 Carbon steel K05001 Carbon steel
K02504 Carbon steel K05200 Carbon steel
K02505 Carbon steel K07501 Carbon steel
K02506 Carbon steel K11224 Low alloy steel
K02600 Carbon steel K11267 Low alloy steel
K02601 Carbon steel K11422 Low alloy steel
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Base Metal Group Ia. Carbon and Alloy Steels (continued)

Unified Unified

Number Common Description Number Common Description
k11430 Carbon steel K12021 Low alloy steel
¥11501 Carbon steel K12022 Low alloy steel
K11510 Carbon steel K12023 Low alloy steel
1151 Low alloy steel ¥12032 Low alloy steel
K11522 Low alloy steel K12039 Low alloy steel
K11523 Low alloy steel K12040 Low alloy steel
Kii526 fow alloy steei K12042 Low alioy steel
K11535 Low alloy steel K12043 Low alloy steel
K11533 Low alloy steel K12044 Low alloy steel
K11540 Low alloy steel K12045 Low alloy steel
K11541 Low alloy steel K12047 Low alloy steel
11547 Low alloy steel K12054 Low alloy steel
K11552 Low alloy steel K12122 Low alloy steel
K11562 Low alloy steel K12143 Low alioy steel
K11564 Low alloy steel K12202 Low alloy steel
K11567 Low alloy steel ¥12203 Low alloy steel
K11572 Low alloy steel K12211 Low alloy steel
R115676 Ltow alloy steei K12320 fow alloy steei
K11578 Low alloy steel K12520 Low alloy steel
K11591 Low alloy steel K12521 Low alloy steel
Ki1597 Low alloy steel Ki2524 Low alloy steel
K11625 Low alloy steel K12529 Low alloy steel
K11€30 Low alloy steel K12529 Low alloy steel
K11646 Low alloy steel K12542 Low alloy steel
K11662 Low alloy steel K12554 Low alloy steel
K11682 Low alloy steel K12609 Low alloy steel
K11683 Low alloy steel K12700 Low alloy steel
K11695 Low alloy steel K12765 Alloy steel
Ki1742 Low ailloy steeil K12766 Alioy steel
K11757 Low alloy steel K12822 Low alloy steel
K11789 Low alloy steel K13502 Low alloy steel
K11803 Low alloy steel K20622 Low alloy steel
¥1182 Low alloy steel K20747 Low alloy steel
¥11847 Low alloy steel K21509 Low alloy steel
$11856 Low alloy steel k21590 Low alloy steel
K11872 Low alloy steel K21604 Low alloy steel
£12000 Low alloy steel KZ1650 Low alloy steel
k12003 tow alloy steel K21703 Low alloy steed
K12010 Low alloy steel K21903 Low alloy steel
K12020 Low alloy steel k22035 Low alloy steel
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Base Metal Group la. Carbon and Alloy Steels {continued)

Unified

Number Common Description
K22036 Low alloy steel
KZ22103 Low alioy steel
K22375 Low alloy steel
K31509 Low alloy steel
K31545 Low alloy steel
K31718 Low alloy steel
K31918 Low alloy
K32018 Low alloy
K32025 Low alloy
K41245 Alloy st

K41545 oy

K41583 1oy

Base Metal Group 1b. Alloy Steels

Unified

Number Common Description
GAY300 4130

G41350 4135

G41400 4140

43400 4340

686300 8630

¥V rNIrA Y LnIsNnN&r 1 ornn NN Lrir e

Unified
Number

Common Description

e e tral
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0O 4> U
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K71340
K81340
K81590
K90941
K92810

KY3bUl

A A
VA

Unified
Number
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Steel
steel
steel
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Common Description

x24728
K44315
T20811
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Base Metal Group Ila. Stainless Steels
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15-5 PH stainless steel
Stainless steel

17-4 PH stainless steel
20

202

Stainiess steel

£10

216L

21-6-9

21-6-9 LC
Stainless steel
301

302

ANnnn

3UcB

a2NA
U

3041
304H
304N
Stainless steel

o

Unified
Number

[ R NaYaYs)

531008
531500
$31600
$31603
531609
$31651
$31700

531703

DISYARRVIV]

<2121 nNno
JIIVvuUD

$32900
$33100
S34700
$34709
$34800
534809

cCIACNNN
JIIUUU

$35500
S38100
540300

$40500

S40900
S41000
S41008
S41040
S41460
S41461
$41800
542000
542200

5344390V

cAINNN
J40UVUUU

$43035
S44300
544400
S44600
S44625
$45000
S45500

(SN}

HA

(an]

Common Description

3
Stainless steel

— = O OO+ T
O OO WN W WU

(Vo N S A N 72 v -]
wy

steel
cteel

Stainless steel
Greek Ascoloy
420

tainless
Stainless

Stainless
446
Stainless
Custom 450
Custom 455
16-25-06



S5ase Metal Group Iib. Precipitation
Unified

Number Common Description

K66286 A286 stainless steel
K66545 W545

S13800 PH 13-8Mo stainless stee)
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Unified

Number Common Description

N02200 Nickel 200

NO2201 Nickel 201

N04400 Monel 400

NO60G2 Hasteloy X

NOE0G7 Hasteloy G

NO6455 Hasteloy C4

NO6600 Inconel 600
.N06625 Inconel 625

N06975 Hasteloy G2

N0O8020 Carpenter Cb3

N08320 Haynes 20 Mod
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NO5500 Monel K500

NOB601 inconel 601

NG7001 wWaspaloy

NQ7047 Rene 41

NQ7252 M252

NO7500 Udimet 500

NC7718 Inconel 718

(o]

D-1595A
Hardening Stainiess Steels
Unified
Number Common Description
$15700 PH 15-7Mo stainless steel
$17700 17-7PH stainless steel
ickel-Base Alloys
Unified
Number Common Description
N08330 RA330
NO8800 Incoloy 800
N0B810 Incoloy BOOH
N088Z5 incoloy 825
N08S04 Fe-Ni-Cr alloy
N10001 Hasteloy B
N10002 Hasteloy C
N10003 Hasteloy N
N10276 Hasteloy 276
N10665 Hasteloy B2
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MIL-STD-1595A

Base Metal Group IV. Aluminum and Aluminum-Base Alloys

Unified Unified

Number Common Description Number Common Description
A03560 356 A95036 5086
AS1060 1060 A95154 5154
A91100 1100 A95254 5254
A92014 2014 A95454 5454
A92219 2219 A95456 5456
A93003 3003 A95652 5652
A93004 3004 A96061 6061
A95052 5052 A96063 6063
AQSNR 5NA1
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Base Metal Group V. Magnesium-Base Alloys

Unified Unified

Number Common Description Number Common Description
M10100 AM100A M13210 HM21A

MI11311 AZ318 : M13310 HK31A

M11610 ARZ61A M13312 HM31A

M11800 AZBOA M13320 HZ32A

M11910 AZ91A M14141 LA141A

M11920 AZ92A M16620 IH62A

Mi2330 EZ33A M18220 QEZ2ZA

Base Metal Group VI. Titanium and Titanium-Base Alloys

Unified Unified

Number Common Description Number Common Description
R50250 Titanium R56260 Ti-6A1-25n-47r-6Mo
R50400 Titanium R56320 Ti-3A1-2.5V

R50550 Titanium R56400 Ti-6A1-4V

R52400 Titanium R56620 Ti-6A1-6V-2Sn

R54520 Ti-5A1-2.55n R58640 Ti-3A1-8V~6Cr-4dMo-417r
R54620 Ti-6A1-2Sn-47r-2Mo NA Ti-6A1-25n-27r-2Cr-2Mo
R54810 Ti-8A1-1Mo-1V NA Ti-15V-3Cr-3Mo-3Sn

R56210 Ti-6A1-2Cb-1Ta-1Mo

62



Common Description

Base Metal Group VII. Cobalt-Base Alloys
Unified Unified
Number Common Description Number
R30006 Stellite 6 R30031
R30021 Stellite 21 R30188
R30023 Stellite 23 R30605
R30027 Stellite 27 R30816
R30030 Stellite 30

on

(8}

Stellite 31
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