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Abstract

This Code covets the welding requirements for any type structure made from aluminum structural alloys, except for
aluminum pressure vessels and fluid-carrying pipe lines. Sections 1 through 7 and 11 constitute a body of rules for the
regulation of welding in aluminum construction. Sections 8, 9, and 10 contain additional rules applicable to specific
types of structures (i.e., statically loaded structures, dynamically loaded structures, and tubular structures, respectively),
and supplement the first seven sections. A Commentary on the Code is also included with the document.
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Statement on Use of AWS Standards

All standards (codes, specifications, recommended practices, methods, classifications, and guides) of the American
Welding Society are voluntary consensus standards that have been developed in accordance with the rules of the
American National Standards Institute,. When AWS standards are either incorporated in, or made part of, documents
that are included in federal or state laws and regulations, or the regulations of other governmental bodies, their
provisions carry the full legal authority of the statute. In such cases, any changes in those AWS standards must be
approved by the governmental body having statutory jurisdiction before they can become a part of those laws and
regulations. In all cases, these standards carry the full legal authority of the contract or other document that invokes the
AWS standards. Where this contractual relationship exists, changes in or deviations from requirements of an AWS
standard must be by agreement between the contracting parties.

International Standard Book Number: 0-87171-324-1

American Welding Society, 550 N.W. LeJeune Road, P. O. Box 351040, Miami, Florida 33135

© 1990 by American Welding Society. All rights reserved
Printed in the United States of America

Note: The primary purpose of AWS is to serve and benefit its members. To this end, AWS provides a forum for the
exchange, consideration, and discussion of ideas and proposals that are relevant to the welding industry and the
consensus of which forms the basis for these standards. By providing such a forum, AWS does not assume any duties to
which a user of these standards may be required to adhere. By publishing this standard, the American Welding Society
does not insure anyone using the information it contains against any liability arising from that use. Publication of a
standard by the American Welding Society does not carry with it any right to make, use, or sell any patented items. Users
of the information in this standard should make an independent investigation of the validity of that information for their
particular use and the patent status of any item referred to herein.

This standard is subject to revision at any time by the AWS Structural Welding Committee. It must be reviewed every
five years and if not revised, it must be either reapproved or withdrawn. Comments (recommendations, additions, or
deletions) and any pertinent data that may be of use in improving this standard are requested and should be addressed to
AWS Headquarters. Such comments will receive careful considerations by the AWS Structural Welding Committee
and the author of the comments will be informed of the committee’s response to the comments. Guests are invited to
attend all meetings of the AWS Structural Welding Committee to express their comments verbally. Procedures for
appeal of an-adverse decision concerning all such comments are provided in the Rules of Operation of the Technical
Activities Committee. A copy of these Rules can be obtained from the American Welding Society, 550 N.W. LeJeune
Road, P,O. Box 351040, Miami, Florida 33135.
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Foreword

(This Foreword is not a part of ANST/AWS D1.2-90, Structural Welding Code— Ahsminum, but is included for
information purposes only.)

In 1928, the first edition of the Code for Fusion Welding and Gas Cutting in Building Construction was published by
the American Welding Society, In 1936, the first edition of a similar code for highway and railroad bridges was
published. For a number of years separate codes were continued for each type of steel structure.

The separate committees preparing the two codes were consolidated in 1963 into a single committee, the Structural
Welding Committee. In 1972, the Committee consolidated the two codes into a single version applicable to structural
welding in general, along with specific requirements for buildings, bridges, and tubular structures. A series of
consolidated codes have been published since that initial one, representing the latest state-of-the art for welding of
structural steel.

In the early 1970’, interest was expressed in developing a similar consolidated code for the structural welding of
aluminum. Because of the interest of both The Aluminum Association and the American Welding Society, it was
decided to begin in the mid-70’s the task of developing a Structural Welding Code for aluminum. Initially, the effort was
undertaken by a task force of The Aluminum Association, In 1979, this task force became a subcommittee of the AWS
Structural Welding Committee and the Structural Welding Code— Aluminum resulted from the continued activity of
that subcommittee.

Many of the users of this Code will also be users of the Structural Welding Code— Steel, As aresult, it was felt that as
much similarity as possible between the codes for steel and aluminum should be achieved. Thus, the same general format
has been used in the development of the aluminum code that has been and is used in the steel code.

Sections 1 through 7 and 11 constitute a body of rules for the regulation of welding on aluminum structures. Sections
8,9, and 10 contain additional rules applicable to specific types of nontubular and tubular structures and should be used
as a supplement to the first seven sections. A key feature of each of the last three sections is the list of dimensional
tolerances and weld quality. These are given for nontubular structures under static and dynamic loadings. For tubular
structures, two classes of structures are identified. Class I structures are those in the general class of luminaires, traffic
signal, and overhead sign supports. All other tubular structures are Class II. Many of the requirements (dimensional
and weld quality) are more stringent for the Class II structures.

Recommended joint details have been prepared for numerous complete joint penetration and partial joint penetra-
tion groove welded joints, Herein lies one of the major differences between the Structural Welding Code — Steel and this
code. While the Steel Code allows for prequalified welding procedures, this code does not. This is mainly because of the
many and varied possible welding conditions that can be obtained with semiautomatic welding variables most often
used with aluminum and the wide range of both heat treatable and nonheat treatable alloys that may be welded under
this code. Therefore, all of the joint details and the welding procedures used with this code shall be individually qualified
and included in the Welding Procedure Specification.

Procedures and standards are outlined for several methods of nondestructive testing. Methods included are visual,
radiographic, and dye-penetrant. Ultrasonic testing is permitted, but the procedure and acceptance criteria shall be
specified in the Contract documents,

This code does not concern itself with-such design considerations as the arrangements of parts, loading, and the
computation of stresses for proportioning the load-carrying members of a structure and their connection, Such
considerations, it is assumed, are covered elsewhere in a general code or specification, such as, the Specifications for
Aluminum Structures (The Aluminum Association).

Comments and suggestions for the improvement of this standard are welcome. They should be sent to the Secretary of
the Structural Welding Committee, American Welding Society, 550 N.W. LeJeune Road, P.O. Box 351040, Miami,
Florida 33135,

Official interpretations of any of the technical requirements of this standard may be obtained by sending a request, in
writing, to the Technical Director, American Welding Society, 550 N.W. LeJeune Road, P.O. Box 351040, Miami,

. Florida 33135 (See Appendix H),
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Preface

(This Preface is not a part of ANSI/AWS D1.2-90, Structural Welding Code — Aluminum, but is furnished for
information purposes only.)

The first edition of the Structural Welding Code— Aluminum (hereafter referred to as the Code) represented the
continuing AWS policy to provide standards for structural welding. This Code is provided for the construction industry
as a set of rules and regulations for the welding of structural aluminum. Some of the more important aspects of this
second edition of the Code are outlined in the following paragraphs.

Changes in Code Requirements. Where changes have been made in code requirements, double vertical lines appear
in the margin immediately adjacent to the paragraph affected. New requirements are also indicated in this manner,
Major editorial changes are indicated by a single vertical line in the margin immediately adjacent to the subsection
affected.

Tables. Four new tables have been added, and fifteen tables have been revised. New tables are indicated by double
vertical lines in the margin.

Drawings. Four new figures have been added, and five figures have been revised. New figures are indicated by double
vertical lines in the margin,

Stud Welding. A new section on stud welding has been added to the Code. The previous section 7, Strengthening and
Repair of Existing Structures, has been moved to the end of the Code and renumbered as section 11.

Commentary. After the first edition of this Code was published, the Committee prepared a Commentary on the
Structural Welding Code— Aluminum, similar to the Commentary for the ANSI/AWS DL1.1, Structural Welding
Code—Steel. The Commentary was issued separately in 1984. In this edition, the Committee has updated the
Commentary in line with the revised provisions, and it has been bound into the Code after the Appendixes. The ‘
Commentary is not intended to supplement Code requirements, but only to provide a useful document for interpreta-
tion and application of the Code. None of its provisions are binding,

Welding Inspector Qualifications. All users are urged to review the provisions relating to the Welding Inspector
qualification requirements in 6.1.3 and its subsections. The requirements in this Code are identical with those
requirements for welding inspector qualification given in ANSI/ AWS D1.1-90, Structural Welding Code— Steel. Users
interested in further explanation of these provisions should contact the Secretary at AWS Headquarters.

vi
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Structural Welding Code — Aluminum

1. General Provisions

1.1 Scope

This Code covers welding requirements applicable to
any type of welded aluminum alloy structure. It is to be
used in conjunction with appropriate complementary
codes or specifications for materials design and construc-
tion. It is not intended to supplant codes developed for
use in specialized fabrication, such as the ASME Boiler
and Pressure Vessel Code, acrospace codes, or military
specifications; it is appropriate for use in fabrication of
supporting structures and appurtenances. Requirements
that are essentially common to all types of structures
are covered in sections 1 through 7, while provisions
applying exclusively to nontubular statically loaded
structures, nontubular dynamically loaded structures, or
tubular structures are included in sections 8, 9, and 10,
respectively.

The inclusion of recommended joints in Appendixes
B1 and B2 is not intended as a substitute for engineering
judgment with respect to the suitability of application of
these joints to a welded assembly or connection,

1.2 Approval

All reference to a need for approval shall be inter-
preted to mean approval by the Building Commis-
sioner!, the Engineer, or the duly designated person
acting for and on behalf of the owner in all matters
within the scope of this Code. Hereinafter, the term Engi-

1. The term Building Commissioner refers to the official or
bureau, by whatever term locally designated, delegated to
enforce the local building law or specifications or other con-
struction regulations.
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neer will be used, and it is to be construed to mean the
Building Commissioner, the Engineer, or the duly desig-
nated person who acts for and on behalf of the owner in
all matters within the scope of this Code.

1.3 Materials
1.3.1 Base Metals

1.3.1.1 Aluminum alloys approved for use in this
code are listed under ASTM specifications in Table 1.1.
Other aluminum alloys may be used only when approved
by the Engineer.2 '

1.3.1.2 To reduce the number of welding procedure
qualifications required, the following groupings of base
materials listed in Table 1.1 have been established. They

2. Selection of the alloy or alloys to be used will be dependent
on the type of structure to be constructed, design considera-
tions, and the characteristics of the various alloys, e.g., welda-
bility, corrosion resistance, strength, etc. The selection of the
temper may be influenced by the strength and characteristics
required in parts of the structure at some distance from the
welds.

For nonheat treatable alloys, the ultimate tensile strength of
a welded joint is essentially independent of the original temper
or condition of the material. Hence, the tensile strength of a
welded joint is generally equal to the strength of the metal in the
annealed condition, and the procedure qualification require-
ments are based on this property.

For heat treatable alloys, the tensile strength of a welded
joint will depend somewhat on the welding process and the heat
input per pass. Generally, the tensile strength of a welded joint
in heat treatable material is somewhat greater than the tensile
strength of the material in the annealed condition, hence, the
procedure qualification requirements are developed from test
data.

AUS D1.2 90 WM 07842b5 0010529 &
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4/ General Provisions

are based essentially on comparable base metal character-
istics, such as composition, weldability, and mechanical
properties:

M-Number Listing

M21 — 1060, 1100, 3003, ALCLAD 3003, 5005, 5050

M22 — 3004, ALCLAD 3004, 5052, 5154, 5254, 5454,
5652

M23 — 6005, 6061, ALCLAD 6061, 6063, 6351

M24 — 2219

M25 — 5083, 5086, 5456

M26 — A201.0, 354,0, C355.0, 356.0, A356.0, 357.0,
A357.0, 359.0, 443.0, 514.0, 535.0

AUS DL.2 90 BW 07842L5 0010532 L mW

These groupings do not imply that base metals within
a group may be interchanged in a structure without
consideration of compatibility from the standpoints of
metallurgical and mechanical properties, design and
service requirements, and without the approval of the
Engineer.

1.3.2 Filler Metals

1.3.2.1 Filler metals shall comply with all the require-
ments set forth in the latest edition of ANSI/AWS
A5.10, Specification for Bare Aluminum and Aluminum
Alloy Welding Electrodes and Rods. Table 1.2 lists filler
alloys recommended for use with pertinent base alumi-

M27 — 7005 num alloys for general structural applications.
Table 1.2
Recommended Aluminum Alloy Fliler Metals for Structural Welding
of Various Base Aluminum Alloys (see 1.2.2.1)
1060
Base Metal 1100 5086
to 3003 2219 3004 5005 5052 5083 514.0 5154
Base Metal Alclad 3003 A201.0  Alclad 3004 5050 56523 5456 535.0 52543 .
356.0, A356.0, 357.0, 4043 4145 4043 4043 4043 5356 5356 4043 a
A357.0, 3590, 443.0 ®) [OXE)] ®) (8) @).(8) 0 @) (4 3
354.0, C355.0 4145 4145 4145 4145 4043 NR NR NR ‘ :
.6  6.6.00 ©6.0® (5.8 @® .
7005 5356 4145 5356 5356 5356 5556 5356 5356 '
)M (5).® ) (M ), @ Y] ™ )
6005, 6061, Alclad 6061, 4043 4145 5356 4043 5356 5356 5356 5356
6063, 6351 (8) (5),® @, M.® @).(5) U Q] @)
5454 4043 4043 5356 5356 5356 5356 5356 5356
7.8 ® @,(5) “).5) @, @) ™ C)
5154, 52543 4043 NR 5356 5356 5356 5356 5356 5356
M.® @ @ @ M @] C))
5086, 514.0, 535.0 5356 NR 5356 5356 5356 5356 5356
g Q) )] G Y] Q)]
5083, 5456 5356 NR 5356 5356 5356 5556
O] ) ™ )] Q]
5052, 56523 4043 4043 4043 4043 5356
™M.® @®) .®) (7,8 4,5
5005, 5050 4043 4145 4043 4043
@.1n &) (7,8 (8),(11)
3004, Alclad 3004 4043 4145 4043
M.@) &) ,®
2219, A201.0 4145 2319
4).@® (5),®,®
1060, 1100, 3003, 1100 ‘
Alclad 3003 5),(6),(8),(12)
Note: Numbers in parentheses refer to Notes 1 through 13.
(Continued)

Copyright by the American Welding Society Inc
Sat Jul 05 14:57:36 1997



|
AUS DL.2 90 WN 0744265 0010533 & m

‘ Table 1.2 (Continued)

General Provisions/5

356.0
6005 A356.0
6061 357.0
Base Metal Alclad 6061 A357.0
to 6063 354.0 359.0
Base Metal 5454 6351 7005 C355.0 443.0
356.0, A356.0, 357.0, 4043 4043 4043 4145 4043
A357.0, 359.0, 443.0 @) (8),(9) 8 (5),(6),(8) (6),(8),(®
354.0, C355.0 4043 4145 4145 4145
, ® 5)® (58 (5),(6,®)
7005 5356 5356 5356
@ #,(5),(8) M
6005, 6061, Alclad 6061, 5356 4043
6063, 6351 @),0) #.8),(13)
5454 5554
5).(M,(8)
Notes:

1. Thefiller metal shown for each combination of base alloys is that most commonly used. However, the specific filler metal depends upon usage and
type of joint, and in a number of cases, acceptable alternates are recommended [ Notes (4)-(13)]. When NR is indicated, welding that combination of
base alloys is not recommended,

2. Filler metals conform to the requirements of ANSI/ AWS A5.10.

3. Exposure to specific chemicals or a sustained high temperature[over 150°F (66°C) ] may limit the choice of filler metals, Filler alloys 5183, 5356,
5556 and 5654 should not be used for sustained elevated temperature service, Filler alloy 5654 is suitable for use with base alloys 5652 and 5254 for

hydrogen peroxide service.
4. 5183, 5356, 5554, 5556 and 5654 may be used. In some cases, they provide (1) improved color match after anodizing treatment, (2) higher weld
ductility, and (3) higher weld strength, 5554 is suitable for elevated temperature service.

5. 4043 may be used for some applications.
6. Filler with the same analysis as the base metal alloy is sometimes used.
7. 5183, 5356, or 5556 may be used.
8. 4047 may be used for some applications.
9, 4145 may be used.
10. 2319 may be used.
11. 1100 may be used.
12. 1188 may be used.
13. 4643 may be used. This is useful primarily when 1/2 in. (12.7 mm) and thicker weldments are post weld solution heat treated and precipitation age

hardened.

1.3.2.2 The filler metals listed below have been These groupings do not imply that filler metals within
arranged in the following F number grouping based the same F number grouping may be interchanged with-
upon their useability characteristics: out consideration of compatibility from the standpoints
of metallurgical and mechanical properties, design and
Group AWS ;:;;Zerrcqulrements, and without the approval of the

Designation Electrode Classification ’
1.3.2.3 Filler metals shall be stored in their original

2l ER1100, ER1188, R1100, R1188 feta S Bud L 56 STOred In telr ongin

packages or cartons, in a dry place adequately protected
from the weather until actually needed at the fabrication
site. Recommendations of the manufacturer concerning

M3 215&%1 3, ER4047, ERA145, ER4643, §pecial protection during storage and use shall be explic-
itly followed.
‘ R4043, R4047, R4145, R4643
F24 R206.0, R357.0, R-A356.0, R-A357.0, 1.3.3 Shielding Gases
R-C355.0 ' 1 . . .
F25 ER2319, R2319 1.3.3.1 The shielding gas in conventional welding of

aluminum shall be welding-grade argon complying with

F22 ER5183, ER5356, ER5554, ER5556,
ER5654, R5183, R5356, R5554, R5556,
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6/ General Provisions

CGA specifications.3 Where special circumstances exist,
i.e., the need for deep penetration (as in welding very
thick sections), the use of welding-grade helium or a
mixture of welding grade argon and welding-grade
helium may be used.

1.3.3.2 Shielding gases shall be stored in and used
from the containers in which they are supplied or from a
central storage tank-distribution system which is replen-
ished by the gas supplier. The entire handling system
shall be designed to prevent contamination.

1.4 Welding Processes

This code covers the requirements for welding alumi-
num alloys by the following processes:

(1) GMAW — gas metal arc welding

(2) GTAW — gas tungsten arc welding.

(3) PAW-VP — plasma arc welding with variable
polarity.

(4) SW — stud welding,

The welding procedures for these processes shall
comply with the provisions of sections I through 5 and,
in addition, sections 8, 9, or 10, as applicable. A
summary of safety practices in employing these welding
processes is given'in Appendix J.

1.5 Definitions

The welding terms used in this Code shall be inter-
preted in accordance with the definitions given in the

3. Available from Compressed Gas Association, 1235 Jeffer-

son Davis Avenue, Arlington, Virginia 22202.
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latest edition of ANSI/AWS A3.0, Standard Welding
Terms and Definitions.

1.6 Welding Symbols

Welding symbols used in drawings, sketches, erection
plans, procedure specifications, etc., shall be those
shown in the latest edition of ANSI/AWS A2.4, Sym-
bols for Welding, Brazing, and Nondestructive Exami-
nation. Special conditions shall be fully explained by
added notes or details.

1.7 Safety Precautions

Note: This Code may involve hazardous materials,
operations, and equipment. The Code does not purport
t0 address all of the safety problems associated with its
use. It is the responsibility of the user to establish
appropriate safety and health practices. The user should
determine the applicability of any regulatory limitations
prior to use. Appendix J provides information relative to
elements of safety.

Adequate safety precautions, including ventilation of
the work area, shall be taken in accordance with the
requirements of the latest edition of ANSI/ASC Z49.1,
Safety in Welding and Cutting (see Appendix A).

See Appendix J for additional information relating to
the basic elements of safety general to arc welding
processes.

1.8 Standard Units of Measurement

The values stated in U.S. customary units are to
be regarded as the standard. The metric (SI) equivalents
of U.S. customary units given in this Code may be
approximate.
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2. Design of Welded Connections

Part A
General Requirements

2.1 Drawings

2.1.1 Full and complete information regarding the
materials of construction, type, and dimensions of the
members being joined and the location, type, size, and
extent of all welds shall be clearly shown on the draw-
ings.4 The drawings shall clearly distinguish between
shop and field welds.

2.1.2 A joint or group of joints for which welding
sequence is important either to minimize shrinkage
stress, control distortion, or ensure accessibility for weld-
ing shall be clearly identified on shop drawings.

2.1.3 Contract design drawings shall specify the effective
weld length and, for partial joint penetration groove
welds, the required weld size as defined in 2.3.1.3. For
such welds, the shop or working drawings shall specify
the depth of preparation (S) needed for the welding
procedures to be used.

2.1.3.1 It is recommended that contract design draw-
ings show complete joint penetration or partial joint
penetration groove weld requirements. A welding symbol
without dimensions designates a complete joint penetra-
tion groove weld as follows:

—er

The welding symbol with dimensions above or below the
arrow designates a partial joint penetration weld as
follows:

(Ez)
R

(complete joint penetration
groove weld)

(partial joint
penetration groove weld)

4. The term drawings refers to plans, design and detail draw-
ings, sketches and erection plans,

where

E, = weld size, other side
E; = weld size, arrow side

2.1.3.2 Special groove details shall be specified and
described where needed.

2.1.4 The detail drawings shall clearly indicate, by
means of welding symbols or sketches, the preparation
and fit-up of material for the required joinis. If joints
with backing are to be used, the material, width, thick-
ness, and contour (if any), for such backing shall be
shown.

2.1.5 Any joint requiring special inspection require-
ments should be identified on the drawings.

2.2 Basic Stresses

Basic stresses for base metals and for effective areas
of weld metal shall be as referenced in Part B of sections
8, 9, and 10 for applications to nontubular statically
loaded structures, nontubular dynamically loaded struc-
tures, and tubular structures, respectively, or as other-
wise referenced in applicable specifications, Designers
should be aware that heat-treatable structural aluminum
alloys lose significant strength when welded. Such losses
shall be considered in designing welded structures.

2.3 Effective Weld Areas, Lengths,
Throats, and Weld Sizes

2.3.1 Groove Welds. The effective area shall be the
product of the effective weld length multiplied by the
weld size,

2.3.1.1 The effective weld length for any groove weld,
whether skewed or not, shall be the width of the nar-
rower of the parts joined, perpendicular to the direction
of stress.
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8/Design of Welded Connections

2.3.1.2 The weld size of a complete joint penetration
groove weld shall be the thickness of the thinner part
joined, No increase is permitted for weld reinforcement.

2.3.1.3 The weld size of a partial joint penetration
groove weld shall be as follows:

(1) Depth of preparation less 1/8 in, (3 mm) for (a)
all positions when GTA welding of V- or bevel-groove
joints with an included angle 6 such that, 45° <6<60°
or (b) horizontal and overhead position GMA welding
such that, 45° <0<60°

(2) Depth of preparation for (a) flat and vertical posi-
tion GMA welding of V- or bevel-groove joints with
included angle # such that, 45° <8<60°, (b) all position
GMA and GTA welding of V- or bevel-groove joints
with included angle 6 greater than or equal to 60° and
(c) all position GMA and GTA welding of J- or U-
groove joints .

(3) As determined by tests using a qualified welding
procedure and verified by random macroetched sections
taken from production welds

2.3.1.4 The minimum weld size of a partial joint pene-
tration groove weld shall be as specified in Table 2,1,

2.3.2 Fillet Welds. The effective area shall be the
product of the effective weld length multiplied by the
effective throat, Stress in a fillet weld shall be considered
as shear applied to this effective area, for any direction
of applied load.

2.3.2.1 Theeffective length of a fillet weld shall be the
overall length of the full-size fillet, including boxing end
returns, with lengths not greater than the width of the
narrower member, No reduction in effective length need
be made for either the start or the crater of the weld if the
weld is of full size throughout its length.

2.3.2.2 Theeffective length of a curved fillet weld shall
be measured along the centerline of the effective throat.

Table 2.1
Minimum Weld Size for Partial Joint
Penetration Groove Welds (see 2.3.1.4)

Base Metal Thickness of Minimum
Thicker Part Joined Weld Size**
in, (mm) in, mm
1/8 (3.2) to 3/16 (4.8) incl. 1/16* 2
Over 3/16 (4.8) to 1/4 (6.4) incl. 1/8% 3
Over 1/4 (6.4) to 1/2 (12.7) incl. 3/16 5
Over 1/2 (12.7) to 3/4 (19.0) incl. 1/4 6
Over 3/4 (19.0) to 1-1/2 (38.1) incl. 5/16 8
Over 1-1/2 (38.1) to 2-1/4 (57.1) incl. 3/8 10
Over 2-1/4 (57.1) to 6 (152) incl, 1/2 13
Over 6 (152) 5/8 16

* Minimum size fot dynamically loaded structuresis 3/ 16 in. (5 mm).
** Except the depth of preparation need not exceed the thickness of the
thinner part.
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If this effective length of a fillet weld in a hole or slot leads
to an effective area greater than the area found from
2.3.3, then this latter area shall be used as the effective
area of the fillet weld.

2.3.2.3 The minimum effective length of a fillet weld
shall be at least four times the weld size, or the weld size
shall be considered not to exceed one fourth its effective
length.

2.3.2.4 The effective throat shall be the shortest dis-
tance from the root to the face of the diagrammatic weld.
(See Appendix C).

2.3.3 Plug and Slot Welds. The effective area shall be
the nominal area of the hole or slot in the plane of the
faying surfaces.

2.3.4 Combination Welds. The weld size of a combina-
tion partial joint penetration groove weld and a fillet
weld shall be the shortest distance from the root to the
face of the diagrammatic weld minus 1/8 in. (3 mm) for
any groove detail requiring such deduction.

Part B
Structural Details

2.4 Filler Plates

2.4.1 Filler Plates may be used in:

(1) Welding parts of different thicknesses

(2) Connections that, due to existing geometric
alignment, must accommodate offsets to permit simple
framing

2.4.2 Afiller plate less than 1/4 in. (6.4 mm) in thickness
shall not be used to transfer loads, but shall be kept flush
with the welded edges of the load-carrying part. The weld
sizes along such edges shall be increased over the
required sizes by an amount equal to the thickness of the
filler plate (see Figure 2.1).

2.4.3 Any filler plate 1/4 in. (6.4 mm), or more, in
thickness shall extend beyond the edges of the base
metal. It shall be welded to the part on which it is fitted,
and the joint shall have sufficient strength to transmit the
load on the base metal as an eccentric load. The welds
joining the base metal to the filler plate shall be sufficient
to transmit the load on the base metal and shall be long
enough to avoid overstressing the filler plate along the
toe of the weld (see Figure 2.2).

2.5 Partial Joint Penetration Groove
Welds

Partial joint penetration groove welds subject to ten-
sion normal to their longitudinal axis shall not be used
where design criteria indicate that cyclic loading could
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Note: The effective area of weld 2 shall equal that of weld 1, but
its size shall be its effective size plus the thickness of the
filler plate T.

Figure 2.1 — Filler Plates Less Than 1/4 in.
(6.4 mm) in Thickness (see 2.4.2)

TRANSVERSE
WELDS MAY
BE USED

ALONG THESE
ENDS

Notes:

1. The effective area of weld 2 shall equal that of weld 1. The
length of weld 3 shall be sufficient to avoid overstressing
the filler piate along the toe of the weld.

2. The effective area of weld 3 shall be at least equal that of weld
1 and there shall be no overstress of the ends of weld 3
resulting from the eccentricity of the forces acting on the
filler plates.

Figure 2.2 — Filler Plates 1/4 in.
(6.4 mm) or More in Thickness (see 2.4.3)

produce fatigue failure. Joints containing such welds,
made from one side only, shall be restrained to prevent
localized rotation.

2.6 Joint Qualification

2,6.1 Joint details conforming with the details described
in 2.7 through 2.10, and 10.5, and illustrated in Appen-
dixes Bl and B2 are recommended. Other details may be
used.
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2.6.2 The joint details and welding procedure shall be
qualified by test as required by 5.2, and the procedure
shall be recorded as a Welding Procedure Specification
(WPS). A form for recording the WPS is given in
Appendix E.

2.7 Details of Fillet Welds

2.7.1 The minimum fillet weld size, except for fillet
welds used to reinforce groove welds, shall be as shown
in Table 2.2.

2,7.2 The maximum fillet weld size permitted along
edges of material shall be:

(1) The thickness of the base metal, for metal less than
1/4 in. (6.4 mm) in thickness.

(2) 1/16 in. (1.6 mm) less than the thickness of base
metal, for metal 1/4 in. (6.4 mm) or more in thickness,
unless the weld size is designated on the drawing or the
weld is designated on the drawing to be built out to
obtain full throat thickness.

(3) The distance between the edge of the base metal
and toe of the weld may be less than 1/16 in. (1.6 mm),
provided the edge is clearly visible and the weld size
clearly verifiable.

2.7.3 Fillet welds in holes or slots in lap joints may be
used to transfer shear or to prevent buckling or separa-
tion of lapped parts. These fillet welds may overlap,
subject to the provisions of 2,3,2.2, Fillet welds in holes
or slots are not to be considered as plug or slot welds.

2.7.4 Fillet welds may be used in skewed T-joints having
adihedral angle of not less than 60° nor more than 135°
(see Figure 2.3, details A and B).

2.7.5 The minimum length of an intermittent fillet weld
shall be 1-1/2 in. (38 mm) or four times the nominal size,
but not less than 1-1/2 in.

2.7.6 Minimum spacing and dimensions of holes or slots
when fillet welding is used shall conform to the require-
ments of 2.8,

Table 2.2
Minimum Fillet Weld Size (see 2.7.1)

Base Metal Thickness of Minimum Size

Thicker Part Joined (T) of Fillet Weld*
in. mm in.  mm
T<1/4 T=< 64 1/8%* 3 Single-pass
1/4<T=<1/2 64<T=127 3/16 5 welds shall
1/2<T 127<T 1/4 6 be used

*Except that the weld size need not exceed the thickness of the thinner
part joined. For this exception, particular care should be taken to
provide sufficient preheat to ensure weld soundness.

*# Minimum size for dynamically loaded structures is 3/ 16 in. (5 mm).

—
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groove weld.

2.8 Details of Plug and Slot Welds’

2.8.1 The diameter of the hole for a plug weld shall be no
less than that specified in Table 2.3.

2.8.2 The minimum center-to-center spacing of plug
welds shall be four times the diameter of the hole.

2.8.3 The length of the slot for a slot weld shall not

| exceed ten times the thickness of the base metal. The
width of the slot shall be no less than that specified in
Table 2.3,

2.8.4 The ends of the slot shall be semicircular or shall
have the corners rounded to a radius not less than the
thickness of the part containing it, except those ends
which extend to an edge of the part.

2.8.5 The minimum spacing of lines of slot welds in a
direction transverse to their length shall be four times the
width of the slot. The minimum center-to-center spacing
in a longitudinal direction on any line shall be two times
the length of the slot.

2.8.6 The depth of filling of plug or slot welds in metal
5/8 in. (15.9 mm) in thickness or less shall be equal to the
thickness of the material. In metal over 5/8 in. in thick-
ness, it shall be at least one-half the thickness of the

| material, but not less than 5/8 in. except for M27 alloys
where the depth of filling shall be the thickness of the
material,

5. See Appendix D for the technique for making plug and slot
welds.
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(8)

Skewed T-joints
Note: (E),, (E'),, = effective throats dependent on magnitude of gap (g,,). See 3.3.4..Subscript (n) represents 1, 2, 3, or 4.

* Angles smaller than 60° are permitted; however, in such cases, the weld is considered to be a partial joint penetration

Figure 2.3 — Fillet Weld Details (see 2.7.4)

Table 2.3
Minimum Diameter of Hole for Plug Welds
or Width of Slot for Slot Welds (see 2.8.1)

Material Thickness Minimum Hole Diameter
T or Slot Width
Less than 1/8 in. (3.2 mm) 3T
1/8 or greater 25T

2.9 Details of Complete Joint
Penetration Groove Welds

2.9.1 Groove welds welded from one side on an approved
backing material and groove welds welded from both
sides with the root of the first weld back gouged to sound
metal before welding the second side are considered
complete joint penetration groove welds.

2.9.2 Recommended details of complete joint penetra-
tion groove welds in butt, corner, and T-joints are given
in Appendix Bl and are subject to the limitations in
2.9.3.

2.9.3 Dimensional Tolerance. Dimensions of groove
welds specified on design or detailed drawings may vary
from those shown in Appendix B1 within the following
limits.

2.9.3.1 The specified thickness of base metal or weld
size is the maximum thickness that may be used.
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2.9.3.2 The groove angle is minimum; it should be
detailed to exceed the dimensions shown by no more
than 10°,

2.9.3.3 The radius of J-grooves and U-grooves is min-
imum. It should be detailed to exceed the dimensions
shown by no more than 1/8 in. (3 mm). U-grooves may
be prepared before or after fit-up.

2.9.3.4 Double-groove welds may have grooves of
unequal depth, but the depth of the shallower groove
shall be no less than 25% of the thickness of the thinner
part joined, unless otherwise designated in Appendix B1.

2.9.3.5 The root face of the joint is minimum except
where shown as a range. It should be detailed to exceed
the dimension shown by no more than 1/ 16 in. (1.6 mm).

2.9.3.6 The root opening of joints is minimum except
where shown as a range. It should be detailed to exceed
the dimension by no more than 1/16 in. (1.6 mm).

2.10 Details of Partial Joint
Penetration Groove Welds

2.10.1 Definition. Groove welds without backing,
welded from one side, and groove welds welded from
both sides, but without back gouging, are considered
partial joint penetration groove welds.

2.10.2 Recommended details of partial joint penetration
groove welds in butt, corner, and T-joints are given in
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Appendix B2 and are subject to the limitations in 2.10.3
and 2.10.4.

2.10.3 Dimensional Tolerances. Dimensions of groove
welds specified on design or detail drawings may vary
from those shown in Appendix B2 within the following
limits:

2.10.3.1 The groove angle is minimum; it should be

detailed to exceed the dimensions shown by no more
than 10°,

2.10.3.2 The radius of the J-grooves and U-grooves is
minimum. It should be detailed to exceed the dimensions
shown by no more than 1/8 in. (3 mm). U-grooves may
be prepared before or after fit-up.

2.10.3.3 Double-groove welds may have grooves of
unequal depth, provided the weld deposit on each side
of the joint conforms to the recommendations of
Appendix B2.

2.10.3.4 The minimum root face of the joint should be
1/8 in. (3 mm).

2.10.4 The minimum weld size of partial joint pene-
tration square-, single- or double-V-, bevel-, J-, and U-
groove welds shall be as shown in Table 2.1.

2.10.5 Shop or working drawings and the welding
procedure specification shall specify the depth of prep-
aration (S) applicable for the weld size (E) required for
the welding process and the position of welding to be
used.

—
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3. Workmanship

3.1 General

3.1.1 All applicable subsections in this section shall be
adhered to in the production and inspection of welded
assemblies and structures produced under this Code.

3.1.2 All welding and cutting equipment shall be so
designed and manufactured and shall be maintained in
such operating condition that qualified welders, welding
operators and tack welders are able to follow the proce-
dures and attain the results prescribed elsewhere in this
Code.

3.1.3 Welding shall not be done when the ambient
temperature is lower than 32°F (0°C). This does not
mean the ambient environmental temperature, but the
temperature in the immediate vicinity of the weld. If the
ambient environmental temperature is below 32°F, a
heated structure or shelter may be provided which will
maintain the temperature adjacent to the weldment at
32°F or higher. When the temperature of the weld area
and surrounding base metal is below the allowed mini-
mum temperature, the base metal shall be preheated so
that the parts on which weld metal is being deposited are
at, or above, the allowed minimum temperature for a
distance equal to the thickness of the parts being welded,
but not less than 3 in. (75 mm) both laterally and in
advance of the welding. This heating is to be done before
welding is started to drive moisture from the region of
the weld.

3.1.4 Welding shall not be done when the surfaces are
wet or exposed to rain, mist, snow, sleet, frost, or exces-
sive wind, or when welders, welding operators or tack
welders are exposed to such inclement conditions.

3.1.5 The sizes and lengths of welds shall be those speci-
fied by the design requirements and detail drawings.

3.1.6 The locations of welds shall not be changed from
those shown on the drawings without prior approval of
the Engineer.
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3.1.7 The use of anti-spatter compound shall be pro-
hibited, unless subjected to test and the approval of
the Engineer, and its use shall be restricted to the flat
position to reduce running. Masking shall be employed
to prevent the compound from entering within 1 in.
(25 mm) of the weld joint area, Where permitted, the use
of anti-spatter compound shall be incorporated into the
Welding Procedure Specification.

3.2 Preparation of Base Material

3.2.1 Edge preparation can be accomplished by shear-
ing, sawing, plasma arc cutting, chipping, planing,
milling or routing. Grinding of aluminum, except as a
final weld contouring and finishing operation, is not
recommended.

3.2.1.1 When grinding is necessary, care shall be
taken to select nonloading type abrasives specifically
intended for use on aluminum, and the abrasives shall be
maintained free of lubricants and other foreign material,

3.2.1.2 For heat treatable aluminum alloys, 1/8 in.
(3 mm) of material shall be removed from plasma arc cut
edges by machining, except that plasma-arc cut edges of
heat treatable aluminum alloy material may be used
without machining when the cut area is separated from
the immediate weld area and is not part of the welded
joint,
3.2.2 Surfaces and edges to be welded shall be smooth,
uniform, and free from fins, tears, and cracks.

3.2.3 Inplasma arc cutting, the arc shall be adjusted and
manipulated so as to avoid cutting beyond (inside) the
prescribed lines. The surface roughness of the cut surfaces
shall be no greater than that defined by the American
National Standards Institute (ANSI B46.1, Surface Tex-
ture) value of 1000 win. (25 um) for material up to 4 in.
(102 mm) thick and 2000 uin. (50 um) for material 4 in.

e |
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to 8 in. (203 mm) thick, except that the ends of members
not subject to calculated stress at the ends may meet the
surface roughness value of 2000 uin. Roughness exceed-
ing the permissible amount and occasional notches or
gouges more than 3/16 in, (5 mm) deep, on otherwise
satisfactory surfaces, shall be faired into the cut surface
by machining or grinding to a slope not exceeding one in
ten. In cut edges, occasional notches or gouges less than
7/16in, (11 mm) deep in material up to 4 in. in thickness,
or less than 5/8 in, (16 mm) deep in material more than
4 in, thick may, with the approval of the Engineer, be
repaired by welding. All approved repairs by welding
shall be made by suitably preparing the site of the discon-
tinuity, welding, and finishing the weld smooth and flush
with the adjacent surface.

3.2.4 Visual Inspection and Repair of Cut Edges®

3.2.4.1 In the determination of limits of internal dis-
continuities revealed on sheared or cut edges and caused
by tearing, inclusions, or delamination (seldom encoun-
tered in aluminum products), the amount of metal
removed shall be the minimum necessary to remove the
discontinuity or to determine that the permissible limit of
the discontinuity is not exceeded. The removal of métal
for this purpose may be done from either the plate
surface ot a cut edge. Cut edges mtay exist at any angle
with respect to the direction of rolling.

3.2.4.2 The limits of acceptability and the repair of
edge discontinuities shall be in accordance with Table
3.1, in which the length of the discontinuity is the visible

6, The requirements of 3.2.4 are not applicable to cases in
which the stress is applied normal to the plate surface.
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long dimension on the cut edge, and the depth is the
distance that the discontinuity is determined to extend
into the plate from the cut edge.

3.2.4.3 For discontinuities with both length and depth
greater than 1 in, (25 mm), discovered by visual examina-
tion of the cut edge and determined to exceed 1 in. in
depth for each discontinuity exhibited before welding or
during examination of welded joints by radiographic or
ultrasonic examination, the following procedures shall
be followed:

(1) Where discontinuities, such as W, X, or Y in Fig-
ure 3.1, are discovered prior to completing the joint, the
size and shape of the discontinuity shall be determined
by ultrasonic inspection.

PLATE WIDTH

PLATE LENGTH

Figure 3.1 — Edge Discontinuities
in Cut Plate (see 3.2.4.3)

Table 3.1
Limit of Acceptability and Repair of Cut Edge Discontinuities in Plate (see 3.2.4.2)

Description of Discontinuity

Plate Repair Required

Any discontinuity [ in. (25 mm) in length or less

Any discontinuity over 1 in, (25 mm) in length and
1/8 in. (3 mm) maximum depth

Any discontinuity over 1 in. (25 mm) in length with
depth over 1/8 in. (3 mm) but not greater than
1/4 in, (6 mm)

Any discontinuity over | in. (25 mm) in length with
depth over 1/4 in. (6 mm) but not greater than
1in, (25 mm).

Any discontinuity over 1 in. (25 mm) in length with
depth greater than 1 in, :

None, need not be explored.
None, but the depth should be explored.*

Remove, need not weld.

Completely remove and weld. Aggregate length of
welding shall not exceed 20% of the length of the
plate edge being repaired.

See 3.2.4.3.

*A spot check of 10% of the discontinuities on the cut edge in question should be explored to determine depth. If the depth of any one of the

discontinuities explored exceeds 1/8 in. (3 mm), then all of the discontinuities remaining on that edge shall be explored to determine depth. If none of
the discontinuities explored in the 10% spot check have a depth exceeding 1/8 in. (3 mm), then the remainder of the discontinuities on that edge need
not be explored.
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(2) For acceptance, the area of the discontinuity (or
the aggregate area of multiple discontinuities) shall not
exceed 4% of the plate area (length x width) with the
following exception: If the length of the discontinuity, or
the aggregate length of discontinuities on any transverse
section, as measured perpendicular to the plate length,
exceeds 209 of the plate width, the 4% allowance shall be
reduced by the percentage amount of the length exceed-
ing 20%. (For example, if the length of a discontinuity is
30% of the plate width, the area of discontinuity cannot
exceed 3.6% of the plate area.) The discontinuity on the
cut edge of the plate shall be gouged out to a depth of
1in. (25 mm) beyond its intersection with the surface by
chipping or gouging, and blocked off by welding in
layers not exceeding 1/8 in. (3 mm) in thickness.

(3) I a discontinuity, Z, not exceeding the allowable
area in 3.2.4.3 (2) is discovered after the joint has been
completed and is determined to be 1 in. (25 mm) or more
away from the weld, no repair of the discontinuity is
required. If the discontinuity Z is less than 1 in, away
from the weld, it shall be gouged out to a distance of 1 in.
from the fusion zone of the weld by chipping or gouging.
The groove shall then be filled by welding in layers not
exceeding 1/8 in., (3 mm) in thickness. Repair by welding
shall be subject to the same NDT requirement as other
groove welds.

(4) If the area of the discontinuity W, X, Y, or Z
exceeds the allowable limits in 3.2.4.3 (2), the plate or
subcomponent shall be rejected and replaced, or repaired
at the discretion of the Engineer. The aggregate length of
weld repair shall not exceed 20% of the length of the plate
edge, without the approval of the Engineer.

(3) All repair welding shall be in accordance with a

qualified procedure and the applicable subsections of
this code, and performed by a qualified welder,
3.2.5 Reentrant corners, except for the corners of weld-
access cope holes adjacent to a flange, shall have a fillet
radius of no less than 1/2 in. (13 mm) for statically
loaded and tubular structures and 3/4 in. (19 mm) for
dynamically loaded structures. The fillet and its adjacent
cuts shall meet without offset or cutting past the point of
tangency,

3.2.6 Machining, sawing, gouging, or chipping may
be used to back gouge, remove temporary welds, or
remove unacceptable work or metal.

3.2.7 Edges of webs or built-up beams and girders shall
be cut to the prescribed camber with allowance for
shrinkage due to cutting and welding, Moderate varia-
tion from the specified camber may be corrected by
procedures approved by the Engineer. Heat-shrink tech-
niques should generally not be applied to aluminum
structures,

3.2.8 All surfaces to be welded shall be free from thick
aluminum oxide, paint, grease, cutting fluids and
moisture.
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3.2.8.1 Heavily oiled material should be degreased
either chemically or with an approved solvent. Caution
should be exercised in the use of flammable solvents. The

health and safety concerns should be recognized (see
ANSI/ASC Z49.1).

3.2.8.2 Thick aluminum oxide should be removed
with a power-driven stainless steel brush or other
approved material, or by chemical methods.

3.2.9 Degreasing should be followed by scratch brush-
ing of surfaces to be welded, with a hand or power-driven
stainless steel brush to ensure thick aluminum oxide is
removed. In multi-pass welds scratch brushing may be
necessary between passes. The brushes should be kept
exclusively for use with aluminum and be kept clean.

The interval between cleaning of the joint and welding
shall be as short as possible. If contamination with dirt or
moisture occurs after cleaning and prior to welding, the
joint should be recleaned.

3.3 Assembly

3.3.1 Abutting paris to be joined by groove welds shall
be properly aligned. Where the parts are effectively re-
strained against bending due to an offset in alignment, an
offset not exceeding 10% of the thickness of the thinner
part, but in no case more than 1/8 in. (3 mm), may be
allowed as a departure from the theoretical alignment. In
correcting misalignment in such cases, the parts shall
not be drawn in to a greater slope than 1/2 in. in 12 in.
(13 mm in 305 mm). Measurement of offset shall be
based on the midplanes of the parts, unless otherwise
shown on the drawings,

3.3.2 Welding grooves which vary from those shown on
the detail drawings and procedure specifications by more
than the following tolerances shall be referred to the
Engineer for approval, correction or rejection:

+ 1/16 in, (1.6 mm)
+1/16 in. (1.6 mm)

(1) Root face of joint
(2) Root opening of joints

without backing
(3) Root opening of joints +1/4in. (6 mm)
with integral backing - 1/16in, (1.6 mm)

(4) Groove angle of joint + 10°, - 5°

3.3.3 Parts to be joined by partial joint penetration
groove welds parallel to the length of the member, except
for bearing joints, shall be brought into contact as closely
as practicable. The root opening between parts shall not
exceed 3/ 16 in. (5 mm) except in cases involving rolled or
extruded shapes, or plates 3 in. (76.2 mm) or more in
thickness. When after straightening, the root opening
cannot be closed sufficiently to meet this tolerance, a
maximum root opening of 5/ 16 in. (8 mm) is acceptable,
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provided a sealing weld or suitable backing material is
used to prevent melt-through.’

3.3.4 Parts to be joined by fillet welds shall be brought
into contact as closely as practicable. The separation
between parts shall not exceed 1/16 in. (1.6 mm), except
in cases involving rolled or extruded shapes or plates 3 in.
(76.2 mm) or more in thickness. When after straighten-
ing and in assembly, the root opening cannot be closed
sufficiently to meet this tolerance, a maximum separa-
tion of 5/16 in. (8 mm) is acceptable, provided a sealing
weld or suitable backing is used to prevent melt-through.
If the separation is greater than 1/ 16 in. (1.6 mm), the leg
of the fillet weld shall be increased by the amount of the
separation or the contractor shall demonstrate that the
required effective throat has been obtained.

3.3.5 The work shall be positioned for flat-position
welding whenever practicable,

3.3,6 The separation between faying surfaces of lap
joints and of butt joints landing on a backing shall not
exceed 1/16 in. (1.6 mm). The use of filler plates is
prohibited except as specified on the drawings or as
specifically approved by the Engineer and made in
accordance with 2.4.

3.3.7 Members to be welded shall be brought into cor-
rect alignment and held in position by fixtures and
strongbacks, bolts, clamps, wedges, guy lines, struts,
other suitable devices, or by tack welds until the welding
has been completed, The use of fixtures is recommended
when practicable. The fixtures shall have sufficient stiff-
ness and strength to counteract the forces resulting from
the temperature changes in the weldment. Similarly, tack
welds shall have sufficient effective throat or weld size
and length to develop the necessary strength.

3.3.7.1 Tack welds shall be made in accordance with a
qualified tack welding procedure, by a qualified tack
welder, and subject to the same quality requirements as
the final welds. Tack welds which are to be incorporated
into the final weld shall be made with filler metal of the
same composition and shall be cleaned thoroughly
before incorporation. Tack welds not incorporated into
final welds shall be removed by mechanical means,
unless otherwise permitted to remain by the Engineer.

3.3.7.2 Tempaorary welds shall be made by a qualified
welding procedure, by a qualified welder, and be subject

7. Backing to prevent melt-through may be of ceramic, glass
tape, austenitic stainless steel or an alloy with the M~-number
classification of the base metal. The backing shall be in intimate
contact with the root side of the components being welded. If
aluminum alloy backing is to be left permanently in place, it
may be attached by continuous fillet welds. Tolerances for
bearing joints shall be in accordance with the Contract
Documents,
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to the same quality requirements as the final weld.
Strongbacks, clips, hangers and other temporary parts
that have been welded in place to facilitate assembly shall
be removed and the welds made flush with the metal
surface. Surface defects that extend below the plane of
the metal surface shall be welded and finished flush.

3.4 Control of Distortion and Shrinkage

3.4.1 Inassembling and joining parts of a structure or of
built-up members, and in welding reinforcing parts to
members, the procedure and sequence shall be such as
will minimize distortion and shrinkage.

3.4.2 Insofar as practicable, all welds shall be deposited
in a sequence that will balance the applied heat of weld-
ing while the welding progresses.

3.4.3 The contractor shall prepare a welding sequence
specification for a member or structure which, in con-
junction with the joint welding procedures and overall
fabrication methods, will produce members or structures
meeting the quality requirements specified. The welding
sequence and distortion-control program shall be sub-
mitted to the Engineer, for information and comment,
before the start of welding on a member in which shrink-
age or distortion is likely to affect the adequacy of the
member or structure.

3.4.4 Prior crimping of edges may be used to reduce the
warpage and shrinkage.

3.4.5 Thedirection of the general progression in welding
on a member shall be from points where the parts are
relatively fixed in position with respect to each other
toward points where they have a greater relative freedom
of movement.

3.4.6 Joints expected to have significant shrinkage
should usually be welded before joints expected to have
lesser shrinkage.

3.4.7 Allshop welds ineach component part of a cover-
plated beam or built-up member shall be made before
the component part is welded to other component parts
of the member. Long girders or girder sections may be
made by shop splicing subsections, each made in accord-
ance with this subsection.

3.4.8 In making welds under conditions of severe exter-
ndl shrinkage restraint, the welding shall be completed or
completed to a point that will ensure freedom from
cracking, before the joint is allowed to cool.

3.5 Dimensional Tolerances

The dimensions of welded structural members shall
conform to the tolerance of (a) the general specifications




governing the work and (b) the following special dimen-
sional tolerances:

3.5.1 Straightnessof Columns, Permissible variations
from straightness of welded columns and primary truss
members, regardless of cross section, shall not exceed:

lengths of 45 ft (14 m) and under:

Total length, in feet
10

Total length, in meters
3
but not over 3/8 in, (10 mm)

1/8 in. X

Imm X

lengths over 45 ft:

Total length, in feet, — 45
10

Total length, in meters, — 14
3

3.5.2 Straightness of Beams and Girders. Variations in
straightness at any point along either flange of welded
beams or girders, regardless of cross section, where there
is no specified sweep, shall not exceed:

3/8in. + 1/8 in. X

10 mm + 3 mm X

Total length, in feet

1/8 in, X 10
3 mm X Total lengt:l;, in meters

3.5.3 Camber of Beams and Girders. Departures from
the specified camber at any point along welded beams or
girders (as fabricated members before placement in the
structure), regardless of cross section, shall not exceed:
-0, +1/4 in. (6 mm)

or,
Total length, in feet

10
Total length, in meters

3

but not to exceed 3/4 in, (19 mm) or

-0,+1/4in. X

-0,+6 mm X

Distance to nearest end, in feet

-0,+1/8in. X
0,+1/8in 10
Distance to nearest end, in meters
-0, +3mm X 3

3.5.4 Deviation Between Web and Flange. Lateral
deviation between the centerline of the web and the
centerline of the flange of built-up H or I members at the
contact surface shall not exceed 1/4 in. (6 mm).

3.5.5 Flatness of Webs. For permissible deviations from
flatness of webs of girders in nontubular statically and
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dynamically loaded structures, see 8.5 and 9.5, respec-
tively.

3.5.6 Warpage of Flanges. The combined warpage and
tilt of a flange of welded beams and girders shall be
determined by measuring the offset at the toe of the
flange from a line normal to the plane of the web through
the intersection of the centerline of the web with the
outside surface of the flange plate. This offset shall not
exceed 1% of the total flange width or 1/4 in. (6 mm),
whichever is greater, except that abutting parts to be
joined by groove welds shall fulfill the requirements of
3.3.1.

3.5.7 Depth of Beams and Girders. The deviation from
the specified depth of welded beams and girders, mea-
sured at the web centetline, shall not exceed the following;

for depths up to 36 in. (0.9 m)
inclusive.

for depths over 36 in. (0.9 m) to
72 in. (1.8 m), inclusive,

for depths over 72 in. (1.8 m)

+1/8in. (3 mm)
+ 3/16 in. (5 mm)

+5/16 in. (8 mm)
— 3/16 in. (5 mm)

3.5.8 Fit of Bearing Stiffeners, The bearing ends of
bearing stiffeners shall be flush and square with the web
and shall have at least 75% of the area in contact with the
inner surface of the flange plate.

3.5.9 Straightness of Bearing Stiffeners. The out-of-
straightness of bearing stiffeners shall not exceed 509% of
the thickness of the stiffener, or 1/4 in, (6 mm) in girders
and beams up to 6 ft (1.8 m) indepth, or 1/2in. (13 mm)
in girders or beams more than 6 ft (1.8 m) in depth.

3.5.10 Bearing on Bases and Seats. For beams and
girders with bearing stiffeners and bearing against a base
or seat, the outer surface of the flange shall fit within
0.010in. (0.25 mm) over 75% of the bearing area defined
by the bearing length of the web and the width of the
stiffeners and within 1/32 in. (1 mm) over the remaining
25% of the bearing area. For beams and girders bearing
on a base or seat, but having no bearing stiffeners, the
outer surface of the flange shall fit within 0.010 in.
(0.25 mm) over the bearing length of the web, and the
included angle between the web and flange platé shall not
exceed 90° in the bearing length.

3.5.11 Fit of Intermediate Stiffeners. Where a tight fit
of intermediate stiffeners is specified, the fit shall be
defined as allowing a gap of up to 1/16 in. (1.6 mm)
between stiffener and flange.

3.5.12 Straightness of Intermediate Stiffeners. The out-
of-straightness of intermediate stiffeners shall not exceed
1/2 in. (13 mm), with due regard to members which
frame into them.

]
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3.5.13 Other Dimensional Tolerances. Dimensional
tolerances not covered by 3.5 or the contract documents
shall be individually determined and mutually agreed
upon by the contractor and the Engineer, with proper
regard for erection conditions and requirements.

3.6 Weld Profiles

3.6.1 The faces of fillet welds may be slightly convex,
flat, or slightly concave as shown in Figures 3.2(A) and
3.2(B), with none of the unacceptable profiles shown in
Figure 3.2(C). Except at outside corner joints, the con-
vexity, C, of a weld or individual surface bead shall not
exceed 0.07 times the actual face width of the weld or
individual bead, respectively, plus 0.06 in. (1.5 mm).

3.6.2 Groove welds shall be made with slight or mini-
mum reinforcement unless otherwise specified. In the
case of butt and corner joints, the weld reinforcement
and melt-through height shall not exceed the values
listed in Figures 3.2(D) and 3.2(E) and shall have a
gradual transition to the plane of the base metal surface.
The weld shall be free of discontinuities of the types
shown for butt joints in Figure 3.2(F).

3.6.3 Surfaces of butt joints required to be flush shall be
finished so as not to reduce the thickness of either of the
base metals or weld metal by more than 1/32 in. (1 mm)
or 5% of the thickness, whichever is smaller, or leave
reinforcement that exceeds 1/32 in, All reinforcement
shall blend smoothly into the plate surfaces with transi-
tion areas free from edge weld undercut, Where the weld
forms part of a faying or contact surface, all reinforce-
ment shall be removed. Chipping may be used, provided
it is followed by grinding or other smoothing operation.
Where surface finishing is required, its roughness value
(ANSI B46.1, Surface Texture), in microinches (microm-
eters) shall not exceed 500 uin. (12.0 pm).

3.6.4 Welds shall be free from overlap.

3.7 Repairs

3.7.1 The removal of weld metal or portions of the base
metal may be done by mechanical means in accordance
with 3.2.1, The removal shall be done so that the remain-
ing weld metal and base metal are not nicked or under-
cut. Unacceptable portions of the weld shall be removed
without substantial removal of base metal. Metal added
to compensate for any deficiency in the size of the weld
shall be deposited by a qualified welder with filler of the
same composition in accordance with an approved weld-
ing procedure, The surfaces shall be cleaned thoroughly
before welding,

3.7.2 The contractor has the option of either repairing
an unacceptable weld, or removing and replacing the
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entire weld, except as required by 3.7.5. If the contractor
elects to repair the weld, it shall be corrected as follows:

3.7.2.1 Overlap or Excessive Convexity. Excess weld
metal shall be removed by machining, chipping, or
grinding.

3.7.2.2 Excessive Concavity of Weld or Crater, Under-
size Welds, Undercutting. Surfaces shall be prepared
and additional weld metal deposited, in accordance with
the specified welding procedure.

3.7.2.3 Excessive Weld Porosity or Incomplete
Fusion. Unacceptable portions shall be removed and
the area rewelded in accordance with the specified
welding procedure.

3.7.2.4 Cracks in Weld or Base Metal. The extent of
the crack shall be ascertained by use of dye penetrant,
X-ray examination, or other NDT means. The crack
shall be removed and the area rewelded in accordance
with the specified welding procedure. If dye penetrant is
used, all traces of penetrant and developer shall be
removed before rewelding is begun.

3.7.3 If the contractor elects to remove and replace the
entire weld, a procedure approved by the Engineer shall
be used and such replacement welds shall be recorded on
the shop drawings.

3.7.4 The repaired or replaced weld shall be tested or
examined by the method originally used and the same
technique and quality acceptance criteria shall be applied.

3.7.5 Members distorted by welding shall be straight-
ened at ambient temperature by mechanical means or by
carefully supervised application of a controlled amount
of localized heat in conjunction with mechanical means.
If localized heating is to be applied in any straightening
operation, the complete procedure shall be filed with and
approved by the Engineer. This procedure shall adhere
to the maximum temperature values listed in Table 3.2
and the following:

3.7.5.1 Except for those stresses resulting from the
mechanical straightening method used in conjunction
with the application of heat, the part to be heated for
straightening shall be substantially free of stress and
from external forces.

3.7.5.2 Maximum holding times for the forming and
straightening of aluminum alloys at various tempera-
tures are given in Table 3.2.

3.7.5.3 For I1XXX, 3XXX, and 5XXX series alloys
with magnesium contents less than 3% and for cast alloy
443,0, there are no restrictions on the temperature ex-
cept that, as temperature is increased, properties are
diminished.

3.7.5.4 For 5XXX series wrought alloys and cast
alloys 514.0 and 535.0 with magnesium content greater




AUS D1.2 90 BE 078Y42L5 0010546 L W ’
- T e e e Workmanship/ 19

L—sm& »'>\ ¢ I«snze ‘l>\c

Note: Convexity, C, of a weld or individual surface bead shall not exceed 0.07 times the actual face
width of the weld or individual bead, respectively, plus 0.06 in. {1.5 mm).

(A) DESIRABLE FILLET WELD PROFILES (B) ACCEPTABLE FILLET WELD PROFILES

It—SIZE—v‘ |~—SIZE A—l |~—SIZE ~—‘

INSUFFICIENT  EXCESSIVE EXCESSIVE OVERLAP INSUFFICIENT-  INADEQUATE
THROAT CONVEXITY UNDERCUT LEG PENETRATION

{C) UNACCEPTABLE FILLET WELD PROFILES

MAXIMUM REINFORCEMENT FOR A GIVEN PLATE
R THICKNESS —JOINT WELDED FROM BOTH SIDES

T MAXIMUM
THICKNESS, t REINFORCEMENT
‘ {' % ‘ in. mm in, mm
J tr t<3/8 t<9.6 3/32 24
3/8<1<3/4 95<t<19 1/8 3
t>3/4 t>19 3716 5

(D) ACCEPTABLE PROFILE: DOUBLE GROOVE WELD IN BUTT JOINT

MAXIMUM REINFORCEMENT FOR A GIVEN PLATE

THICKNESS-—JOINT WELDED FROM ONE SIDE
MAXIMUM

THICKNESS, t REINFORCEMENT
in. mm in, mm

t<1/4 t<64 3/32 24

1/4<t<1/2 6.4<t<12.7 1/8 .3

1/72<t<=1 127<t<254 5/32 4

t>1 t>254 3/16 5

(E) ACCEPTABLE PROFILE: GROOVE WELD [N BUTT JOINT WELDED FROM ONE SIDE

EXCESSIVE INSUFFICIENT EXCESSIVE OVERLAP
CONVEXITY THROAT UNDERCUT
(UNDERFILL)
‘ {F) UNACCEPTABLE PROFILES: GROOVE WELDS IN BUTT JOINTS

Figure 3.2 — Acceptable and Unacceptable Weld Profiles (see 3.6)
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Table 3.2
Maximum Heat Exposure Time at Temperature
Preparatory to Forming Aluminum Alloys (see 3.7.5)
1060, 1100, A201.0-T4
3003, 3004 5083 354.0-T4
2219-T31, T351, T37 Alclad 3003, 5086 C355.0-T4
6005-T5 Alclad 3004 5154 356.0-T4
Holding 6061-T4, TS 5005, 5050, 5254 A356.0-T4
Temperature Alclad 6061-T4, T5 5052, 5652 5456 357.0-T4
(Note 1) 6063-T5 5140 A357.0-T4
6351-T5 443.0 535.0 7005-T53 359.0-T4
°F °C (Note 2) (Note 3) (Note 3) (Note 4) (Note 5)
800 427 NRS 50 Hours 50 Hours 50 Hours NR
500 260 NR 50 Hours 50 Hours NR NR
450 232 5 Minutes 50 Hours 50 Hours NR NR
425 218 15 Minutes 50 Hours 50 Hours NR NR
400 204 30 Minutes 50 Hours 50 Hours NR NR
375 191 1-2 Hours 50 Hours NR NR NR
350 177 8-10 Hours 50 Hours NR NR NR
230-325 121-163 50 Hours 50 Hours NR NR Note 5
Notes:

1. Equal formability may be obtained with shorter periods of heating at correspondingly higher temperatures. Time at temperature for clad alloys
should be kept at a minimum to prevent diffusion of the cladding into the core alloy. Heating should be as rapid as possible, particularly for
temperatures 400°F (204°C) and above. Excessive time to approach the desired temperatures can have deleterious effects similar to those resulting

from excess time at temperature.

2. Lossesinstrength for these alloys in the T6 temper will not exceed about 5% when heated at the temperature and for the periods shown. Strength of

the T4 temper alloys will increase.

3, These alloys will be annealed at 650°F (343°C) and above.
4, Refer to 3.7.5.6.

5. Refer to 3.7.5.7.

6. NR = Not Recommended

than 3%, holding within the temperature range from
150°F to 450°F (65°C to 230°C) must be avoided in
order to minimize the possibility of sensitization to ex-
foliation and stress corrosion cracking, The length of
time at temperature is a critical factor in determining the
degree of sensitization, Hot forming techniques shall
include quick heatup to a temperature not to exceed
550°F (290°C) in order to minimize the loss of mechani-
cal properties, Forming shall be complete before the
metal cools below 450°F (230°C). The mestal should
then be fan cooled to drop the metal temperature from
450°F to 150°F (230°C to 66°C) in the minimum time
possible to prevent sensitization.

3.7.5.5 For alloy 2219 and 6XXX alloys, distortion
removal shall be done at a temperature below 450°F
(230°C). The time that the structure is held at tempera-
ture while removing the weld distortion shall not exceed
those times shown in Table 3.2,
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3.7.5.6 For 7005 alloy, distortion removal shall be
done preferably in the O-annealed® or W, solution heat-
treated condition, and then the structure shall be given
the appropriate thermal treatment after straightening.

3.7.5.7 For A201.0 and the 3XX.0 casting alloys,
straightening shall be done in the T4 condition before
age hardening. The preheat shall not exceed 300°F
(150°C) for these castings and should be of short
duration for the 3XX.0 alloys so as not to affect the

8. A soak of several hours at temperatures of 650°F - 750°F
(340°C-400°C) will anneal 7005. Annealing is normally fol-
lowed by a slow cool (50°F/hr) (28°C/hr) to about 400°F
(200°C) to prevent room temperature aging. If severe forming
is required, it should be accomplished within 12 hours after
annealing or solution heat treatment. Forming 7005 alloy in an
artificially aged temper may produce residual stresses which
can cause stress-corrosion cracking.
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heat-treated properties. Casting alloy A201.0 may be
preheated to 300°F for a longer duration (up to 5 hours).

3.7.6 Approval of the Engineer shall be obtained for
such corrections as weld repairs to mill defects in the base
metal, repair of major or delayed cracks, or a revised
design to compensate for deficiencies.

3.7.7 The Engineer shall be notified before improperly
fitted and welded members are cut apart.

3.7.8 I, after an unacceptable weld has been made,
work is performed which has rendered that weld inac-
cessible or has created new conditions which make
correction of the unacceptable weld dangerous or
ineffective, then the original conditions shall be restored
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by removing the added welds or members, or both,
before the corrections are made. If this is not done, the
deficiency shall be compensated for by additional work
performed according to an approved revised design.

3.8 Cleaning of Completed Welds

3.8.1 Welded joints shall not be painted or otherwise
covered before the welding is examined and approved.

3.8.2 Where appearance is important, weld spatter,
adhesions, scratches, etc., shall be removed by wire
brushing, grinding, sanding, or polishing and the surface
cleaned with a cheniical cleaner.




4. Technique

Part A
General Requirements for Gas Metal
Are, Gas Tungsten Arc, and Plasma
Arc (Variable Polarity) Welding

4.1 Material Requirements

4.1.1 The filler metal shall comply with all the require-
ments set forth in the latest edition of ANSI/AWS
AS5.10, Specification for Bare Aluminum and Aluminum
Alloy Welding Electrodes and Rods.

4.1.2 Filler metal alloys to be used with specific base
metals and combinations of base metals shall be as
shown in Table 1.2,

4.1.3 When requested by the Engineer, the contractor or
fabricator shall furnish the electrode manufacturer’s
certification that the filler metal has met the require-
ments of the latest edition of ANSI/AWS AS5.10.

4.2 Welding Processes

The welding process shall be either gas metal arc
(GMAW), gas tungsten arc (GTAW), or plasma arc with
variable polarity (PAW-VP),

4.3 Shielding Gases

4.3.1 Argon, helium, or mixtures of argon and helium
used for shielding shall be a welding grade having a dew
point of -63°F (-53°C) or lower.

4.3.2 When requested by the Enginecr, the contractor
or fabricator shall furnish the gas manufacturer’s certifi-
cation that the gas or gas mixture is suitable for the
intended application and conforms to the dew point
required in 4.3.1.

4.4 Preheat Requirements

Preheating is sometimes used for welding thick alu-
minum sections to avoid cold-start defects, to achieve
heat balance with dissimilar thicknesses, or to remove
moisture. Special care shall be taken to ensure close
temperature control, particularly when fabricating the
heat treatable aluminum alloys and the 5000 series
aluminum alloys confaining more than 3% magnesium,
Preheating temperatures for these types of alloys shall
not exceed 250°F (120°C). Holding times at this tem-
perature shall not exceed 15 minutes.

4.5 Interpass Temperature
Requirements

When fabricating the heat treatable aluminum alloys
and the 5000 series alloys containing more than 3%
magnesium, interpass temperatures shall not exceed
300°F (150°C) to provide optimum weld properties and
to decrease the possibility of sensitization to exfoliation
and stress-corrosion cracking.

4.6 Arc Strikes

Arc strikes outside the area of permanent welds
should be avoided on any base metal. Blemishes caused
by arc strikes shall be finished to a smooth contour and
checked to ensure no loss of soundness of the base metal.
Cracks caused by arc strikes shall be removed. The
cracks shall be repair-welded and the weld finished flush
with the metal surface.

4.7 Cleaning Prior to Welding

All joint faces and the surfaces adjacent to the area to
be welded shall be prepared in accordance with 3.2.8.

4.8 Weld Termination

4.8.1 Welds shall be started and stopped in a manner
that ensures sound welds. Whenever possible, the start-
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ing and stopping shall be done by the use of extension
bars or run-on and run-off plates.

4.8.2 Extension bars or run-on and run-off plates shall
be removed (preferably by mechanical cutting) upon
completion and cooling of the weld. The ends of the weld
shall be made smooth and fit flush with the edges of the
adjacent parts,

4.8.3 When it is impossible to terminate a weld on
an extension bar or run-on or run-off plate, prior consid-
eration to weld termination should be given so as to
terminate the weld in a low stress area.

4.8.4 The techniques for terminating a fillet weld or a
cover pass bead within a joint shall consist of the follow-
ing, or any combination of the following;

(1) Reversing the direction of travel for a minimum
distance of 2 in, (50 mm)

(2) Increasing travel speed to reduce crater size

(3) Providing suitable build-up and remolding the
crater area flush with the weld surface by mechanical
means

4.8.5 Craters existing in tack welds that will be incorpo-
rated into final welds, extension of fillet welds, and
within intermediate or root passes of root welds, shall be
removed by mechanical means prior to additional
welding,

4.9 Backing to Prevent Melting
Through

4.9.1 Permanent backing for groove welds shall be of
aluminum of the same M-Number as the base metal. The
weld shall be thoroughly fused to the backing,

4.9.2 Backing shall be made continuous for the full
length of the weld. All welds in the backing shall be
complete joint penetration groove welds with the rein-
forcement ground smooth. These welds shall meet the
workmanship requirements of section 3 of this Code.

4.9.3 In statically loaded and tubular structures, per-
manent backing need not be removed unless specified on
the drawings or by the Engineer.

4.9.4 On dynamically loaded structures, backing that is
transverse to the direction of the computed stress shall be
removed, and the joint shall be finished smooth, Backing
that is parallel to the direction of the computed stress, or
is not subject to computed stress, need not be removed,
unless specified on the drawings or by the Engineer.

4.9.5 Temporary backing for groove welds may be of
austenitic stainless steel, glass tape, ceramic, or anodized
aluminum of the same M-number. Copper shall not be
used as temporary backing because of the dangers of
weld contamination and corrosion problems.
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4.10 Peening

Weld peening may be used subject to the approval of
the Engineer.

4.11 Thermal Stress-Relief Treatment

4.11.1 Where required by contract documents, welded
assemblies shall be stress relieved by thermal treatment.
Specific thermal practices should be determined for each
alloy and temper considered for stress relief. Finish
machining shall preferably be done after stress relief.

4.11.2 The stress relief treatment procedure shall be
approved by the Engineer prior to beginning the work,
and shall conform to the following requirements:

(1) The temperature of the furnace shall not exceed
200°F (95°C) at the time the welded assembly is placed
in it.

(2) The maximum temperature developed in any part
of the assembly and the exposure time shall not exceed
the applicable values stated in Table 3.2, unless the
assembly is completely reheat-treated.

(3) During the heating period, the variation in tem-
perature throughout the weldment shall be no greater
than 100°F (38°C) within any 15 ft (4.5 m) interval of
length.

4.11.3 Complete annealing in the case of nonheat treat-
able alloys can be accomplished by bringing all parts of
the assembly in the furnace to 650°F (340° C). The heat
treatable alloys can be completely annealed by bringing
the work to 775°F (410°C), holding for two or three
hours at 775°F, cooling slowly at a rate not to exceed
50°F (28°C) per hour until 500°F (260°C) is reached,
and then furnace or air cooling to room temperature.
However, these temperatures may cause the aluminum
alloys to be altered to an extent that may make them
unsuitable for the intended purpose.

Part B
Gas Metal Arc Welding

4.12 General

This part covers specific requirements for gas metal
arc welding in addition to requirements of Part A of this
section.

4.13 Restrictions on Gas Metal Arc
Welding with Single Electrode

4.13.1 The following are restrictions on the welding
procedures:




4.13.1.1 The maximum size of a stringer bead fillet
weld made in one pass shall be 1/2 in. (13 mm) for the flat
and vertical positions and 3/8 in. (10 mm) for the hori-
zontal and overhead positions.

For heat treatable aluminum alloys that are to be
postweld precipitation-age-hardened only, the maxi-
mum size of stringer bead fillet welds made in one pass
shall be 5/16 in. (8 mm) for all welding positions,

4.13.1.2 The thickness of weld layers, except root and
surface layers, shall not exceed'1/4 in, (6 mm), When the
root opening of a groove weld exceeds 3/8 in. (10 mm),
a multiple pass split-layer technique shall be used. The
split-layer technique shall also be used in making all
multiple pass welds when the width of the layer exceeds
1/2in, (13 mm).

4.13.1.3 The welding current, voltage, gas flow and
travel speed shall be such that the arc is in the spray
transfer mode and that each pass will have complete
fusion with adjacent weld metal and base metal. There
shall be no overlap or excessive porosity or undercutting.

4.13.1.4 The progression of all passes of vertical posi-
tion welding shall be upwards,

4.13.1.5 Welding shall employ the forehand tech-
nique. A backhand technique shall be permitted for root
pass deposition when the welder is qualified for that
technique,

4.13.2 Except as noted in section 10, complete joint
penetration groove welds made without the use of back-

AUWS DL.2 90 WA 07842LS

0010551 T mm
. Technique/25

ing shall have the root of the initial pass backgouged,
chipped, or otherwise removed to sound metal, and all
trace of root discontinuity shall be eliminated before
welding is started on the second side.

4.13.3 Gas metal arc welding shall not be done in a draft
or wind. Where drafty conditions exist, a windbreak or
shelter shall be employed. The shelter shall be of an
appropriate material and shape to reduce the wind veloc-
ity in the vicinity of the weld to a maximum of five miles
per hour (gight kilometers per hour),

4.13.4 Copper inclusions deposited during meltback
time (burnback) shall be gouged, chipped, or otherwise
removed to sound metal.

Part C
Gas Tungsten Arc Welding

4.14 General

This part covers specific requirements for gas tungsten
arc welding in addition to the requirements of Part A of
this section,

4.15 Tungsten Electrodes

For gas tungsten arc welding, the levels of welding
current shall be compatible with the diameter of the
electrode. Table 4.1 shows the operating current ranges
for tungsten electrodes of various diameters and types,

Table 4.1
Typical Current Ranges for Tungsten Electrodes® (see 4.15)
Direct Current, A Alternating Current, A
Straight Reverse
Polarity  Polarity Unbalanced Wave Balanced Wave
EWP EWP
. EWTh-1 EWTh-1 EWTh-1 EWTH-1
Blectrode Diameter  pwIn2 EWTh2 EWTh-2 EWTh-2
in, mm EWTh-3 EWTh-3 EwP EWZr EWTh-3 EwWP EWZr EWTh-3
0,010 0.25 up to 15 b uptol5 uptol5 b up to 15 up to 15 b
0.020 0.51 5-20 b 5-15 5-20 b 10-20 5-20 10-20
0.040 1.02 15-80 b 10-60 15-80 10-80 20-30 20-60 20-60
1/16 1.59 70-150 10~-20 50-100 70-150 50-150 30-80 60-120 30-120
3/32 2.38 150-250 15-30 100-160  140-235  100-235 60-130 100-180 60-180
1/8 3.18 250-400 25-40 150-210  225-325  150-325 100-180 160-250  100-250
5/32 3.97 400-500 40-55 200-275  300-400  200-400 160-240 200-320  160-320
3/16 4.76 500-750 55-80 250-350  400-500  250-500 190-300 290-39%0  190-390
1/4 6.35 750-1000  80-125  325-450 500-630  325-630 250-400 340-525  250-525
Notes:

a. All values are based on the use of argon as the shielding gas. Other current values may be employed depending on the shielding gas, type of

equipment, and application.

b. These combinations are not commonly used.
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and Table 4.2 shows the chemical composition of the
AWS classifications,

4.16 Restrictions on Gas Tungsten
Arc Welding

4.16.1 The following are restrictions on the welding
procedures:

4.16.1.1 The maximum size of a fillet weld made in
one pass shall be 1/4 in, (6 mm) for all positions.

4,16.1.2 The thickness of weld layers shall not exceed
1/4 in. (6 mm). When the root opening of a groove weld
exceeds 3/8 in, (10 mm), a multiple pass, split-layer
technique shall be used. The split-layer technique shall be
used also in making all multiple pass welds when the
width of the layer exceeds 3/8 in.

4.16.1.3 The welding current, voltage, gas flow, filler
metal diameter and travel speed shall be such that each
pass will have complete fusion with adjacent weld metal
and base metal. There shall be no overlap, excessive
porosity, or undercutting,

4.16.1.4 The welder shall employ the forehand tech-
nique,

4.16.2 Except as provided in section 10, complete joint
penetration groove welds made without the use of back-
ing shall have the root of the initial pass backgouged,
chipped, or otherwise removed to sound metal, and afl

trace of root discontinuity shall be eliminated before

welding is started from the second side.

4.16.3 Gas tungsten arc welding shall not be done in a
draft or wind, When drafty conditions exist, a windbreak
or shelter shall be employed. Such shelter shall be of an
appropriate material and shape to reduce wind velocity

in the vicinity of the weld to a maximum of five miles per
hour (eight kilometers per hour).

Part D
Plasma Arc Welding

4.17 General

This part covers the specific requirements for variable
polarity plasma arc welding in addition to, or which
supersede the requirements of, Part A of this section.®

4.18 Tungsten Electrodes

For variable polarity plasma arc welding, the levels of
welding currents shall be compatible with the range
listed in Table 4.1 for electrodes operating with an
unbalanced wave alternating current.

4.19 Restrictions on Variable Polarity
Plasma Arc Welding

4.19.1 Complete joint penetration groove welds need
not be backgouged if the penetration bead is smooth and
properly fused.

4.19.2 Variable polarity plasma arc welding shall not be
done in a draft or wind. When drafty conditions exist, a
wind break or shelter shall be used. Such shelter shall be
of an appropriate material and shape to reduce wind
velocity in the vicinity of the weld to a maximum of five
miles per hour (eight kilometers per hour).

9. Variable polarity plasma arc welding: plasma arc welding
employing a power supply providing cyclic reversal of polarity
with separate control of current amplitude and duration for
each polarity.

Table 4.2
Typical Chemical Composition of Tungsten Electrodes® (see 4.15)
Total Other
AWS Tungsten, Min, Thoria, Zirconia, Elements, Max.
Classification Percent Percent Percent Percent
EWP 99.5 — 0.5
EWTh-1 98.5 08to 1.2 — 0.5
EWTh-2 97.5 1.7t0 2.2 — 0.5
EWTh-3b 98.95 0.35 t0 0.55 — 0.5
EWZr 99.2 0.15 to 0.40 0.5
Notes:

a. For additional information, see Volume 2 of the Seventh Edition of the Welding Handbook, pages 85-87,
and page 90,

b. A tungsten electrode with an integral lateral segment throughout its length which contains 1.0 to 2.0%
thoria. The average thoria content of the electrode shall be as specified in this table.
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5. Qualification of Procedures and Personnel

Part A
General Requirements

5.1 General

The qualification requirements of this code are to
assure that the fabrication procedures actually used in
production meet a recognized standard.!? To accomplish
this objective, each contractor, fabricator, or manufac-
turer shall do the following;:

(1) Prepare a written Welding Procedure Specifica-
tion in accordance with 5.13.2 for each condition. See
Appendix E.

(2) Qualify the procedure described by the Welding
Procedure Specification in accordance with Part C of
this section using materials, equipment, cleaning and
preparation methods, welding condition, etc. that are
specified in the Welding Procedure Specification.

(3) Qualify the welders, welding operators, and tack
welders in accordance with Part D of this section before
doing any production work.

(4) Maintain records of each of the above items on
forms such as or similar to those shown in Appendix E.

(5) Impart knowledge of the procedures to be used to
the welders, welding operators, and tack welders,

5.2 Qualification of Welding Procedures

5.2.1 Only procedures qualified in accordance with
Part C of this section shall be recognized as approved
procedures,

10. The provisions of ANSI/ AWS B2.1, Standard for Welding
Procedure and Performance Qualification, may be used for the
qualification of procedures and personnel. However, in instan-
ces where the provisions of ANSI/ AWS B2.1 and ANSI/AWS
D1.2 are in conflict, ANSI/AWS D1.2 should take precedence.
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5.2.2 There are no welding procedures designated as
prequalified. Previously qualified procedures shall be
documented by sufficient test data to satisfy the require-
ments of Part C of this section and be approved by the
Engineer.

5.2.3 The Engineer should accept properly documented
evidence of previous qualification of the joint welding
procedures to be employed, unless a new procedure
qualification is required by the contract documents.

5.2.4 The essential variables of a welding procedure may
be changed within the limitations of 5.16 without requal-
ification. Changes outside these limits require qualifica-
tion of the altered welding procedure.

5.2.5 Variables not listed in 5.16 are designated as non-
essentials. They may be changed without qualification of
the altered welding procedure.

5.3 Qualification of Welders, Welding
Operators, and Tack Welders

5.3.1 Welders, welding operators, and tack welders to be
employed on work under this Code shall have been
qualified as in accordance with the provisions of Part D
of this section.

5.3.2 The Engineer is encouraged to accept properly
documented evidence of previous qualification per-
formed in accordance with Part D of this section.

5.4 Qualification Responsibility

Except as permitted in 5.2 and 5.3, each contractor,
fabricator, or manufacturer shall conduct the tests
required by this Code to qualify the welding procedures
and the welders, welding operators, and tack welders
who will apply these procedures.

o —————————————— |
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5.5 Records

Each contractor, fabricator, or manufacturer shall
maintain a record of all welding procedure and perform-
ance qualifications of welders, welding operators, or tack
welders. These records shall be maintained by the con-
tractor, fabricator, or manufacturer and shall be made
available to those authorized to examine them,

5.6 Position of Test Welds

5.6.1 Each welding procedure shall be qualified by posi-
tioning and welding the test assembly in the manner
stated below for the position for which it is to be quali-
fied, These positions are classified as: (1) flat, (2) hori-
zontal, (3) vertical, or (4) overhead in accordance with
Figures 5.1 and 5.2.

5.6.1.1 Groove Welds — Plate (Illustrated in Figure
5.3). In making the tests to qualify groove welds, test
plates shall be welded in the following positions:

(1) Position 1G (Flat)—The test plates shall be
placed in an approximately horizontal plane and the
weld metal deposited from the upper side. See Figure
5.3(A).

(2) Position 2G (Horizontal)— The test plates shall
be placed in an approximately vertical plane with the
groove approximately horizontal. See Figure 5.3(B).

(3) Position 3G (Vertical)—The test plates shall be
placed in an approximately vertical plane with the
groove approximately vertical. See Figure 5.3(C).

(4) Position 4G (Overhead) —The test plates shall be
placed in an approximately horizontal plane and the
weld metal deposited from the under side. See Figure
5.3(D).

5.6.1.2 Groove Welds —Pipe (Illustrated in Figure
5.4), Inmaking the tests to qualify groove welds, the test
pipe!! shall be welded in the following positions:

(1) Position 1G (Pipe Horizontal-Rotated) —The test
pipe shall be placed with its axis approximately horizon-
tal and the groove approximately vertical, The pipe shall
be rotated during welding so the weld metal is deposited
from the upper side. See Figure 5.4(A).

(2) Position 2G (Pipe Vertical-Fixed) — The test pipe
shall be placed with its axis approximately vertical and
the welding groove approximately horizontal. The pipe
shall not be rotated during welding. See Figure 5.4(B).

(3) Position 5G (Pipe Horizontal-Fixed)—The test
pipe shall be placed with its axis approximately horizon-
tal and the groove approximately vertical. The pipes
shall not be rotated during welding. See Figure 5.4(C).

(4) Position 6G (Pipe Inclined-Fixed) —The test pipe
shall be inclined at approximately 45° with the horizon-

11, The term pipe as used herein shall include all tubular
shapes.
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tal. The pipe shall not be rotated during welding. See
Figure 5.4(D).

(5) Position 6GR (Restricted, Pipe Inclined-Fixed.
Test for complete joint penetration groove welds of
tubular T-, Y-, and K-connections)— The test pipe shall
be provided with a restriction ring and be inclined at
approximately 45° with the horizontal. The pipe shall
not be rotated during welding. See Figure 5.4(E).

5.6.1.3 Fillet Welds—Plate (Illustrated in Figure
5.5). In making the tests to qualify welds on plate, test
plates shall be welded in the positions outlined below:

(1) Position IF (Flat)— The test plates shall be so
placed that each fillet weld is deposited with its axis
approximately horizontal and its throat approximately
vertical. See Figure 5.5(A).

(2) Position 2F (Horizontal)— The test plates shall be
so placed that each fillet weld is deposited on the upper
side of a horizontal surface and against a vertical surface.
See Figure 5.5(B).

(3) Position 3F (Vertical) — The test plates shall be
placed in approximately vertical planes and each fillet
weld deposited on vertical surfaces. See Figure 5.5(C).

(4) Position 4F (Overhead) — The test plates shall be
so placed that each fillet weld is deposited on the under
side of a horizontal surface and against a vertical surface.
See Figure 5.5(D).

5.6.1.4 Fillet Welds — Pipes (Illustrated in Figure
5.6). In making the tests to qualify fillet welds on pipe,
the test pipe shall be welded in the positions outlined
below:

(1) Position 1F (Pipe Inclined-Rotated)—The test
pipe shall be placed with its axis at approximately 45°
and rotated during welding so that the filler metal is
deposited in the flat position. See Figure 5.6(A).

(2) Position 2F (Pipe Vertical-Fixed)-— The test pipe
shall be placed with its axis approximately vertical. The
filler metal shall be placed on the outer surface of the
pipe at its juncture with the abutting plate or pipe. The
assembly shall not be rotated during welding. See Figure
5.6(B).

(3) Position 2FR (Pipe Horizontal-Rotated)—The
test pipe shall be placed with it¢ axis approximately
horizontal and rotated during welding so that filler metal
is deposited in the horizontal position. See Figure
5.6(C).

(4) Position 4F (Overhead-Fixed)—The test pipe
shall be placed with its axis approximately vertical. The
filler metal shall be placed against the outer surface of the
pipe at its juncture with the abutting plate or pipe. The
assembly shall not be rotated during welding. See Figure
5.6(D).

(5) Position SF (Pipe Horizontal-Fixed) —The test
pipe shall be placed with its axis approximately horizon-
tal and with the welding joint vertical. The assembly shail
not be rotated during welding. See Figure 5.6(E).
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Tabulation of pasitions of groove welds

Position Diagram reference Inclination of axis Rotatlon of face
Flat A 0° to 16° 150° t0 210°
Horizontal B 0° to 15° 281%: tt% 1258%:
Overhead (o] 0° to 80° 288: 'f(g gg;c
2 Fom wewm

Notes:

1. The horizontal reference plane is always taken to [ie below the weld under consideration,

2. The inclination of axis is measured from the horizontal reference plane toward the vertical reference plane.

3. The angle of rotation of the face is determined by a line perpendicular to the theoretical face of the weld which passes through the axis
of the weld. The reference position (0°) of rotation of the face invariably points in the direction opposite to that in which the axis angle

. Increases. When looking at point P, the angle of rotation of the face of the weld is measured in a clockwise direction from the reference
position {0°).

Figure 5.1 — Positions of Groove Welds (see 5.6.1)
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Tabulations of positions of fillet welds
Diagram Inclination Rotation
Pasition reference of axis of face
Flat A 0°to 16° 150° to 210°
Horizontal B 0°to 16° 126° to 150°
210° to 235°
Overhead C 0°to 80° 0° to 125°
235° to 360°
Vertical D 16° to 80° 125° to 235°
E 80°1t0 90°  0° to 360°
Notes:

1. The horizontal reference plane is taken to lie always below the weld under consideration.

2. Inclination of axis is measured from the horizontal reference plane toward the vertical.

3. Angle of rotation of face is measured from a line perpendicular to the axis of the weld and lying in a
vertical plane containing this axis. The referance position {0°) of rotation of the face invariably points in
the direction opposite to that in which the axis angle increases. The angle of rotation of the face weld is
measured in a clockwise direction from this reference position (0°) when looking at point P.

Figure 5.2 — Positions of Fillet Welds (see 5.6.1)
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(FLAT)

VERTICAL
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(C) TEST POSITION 3G
(VERTICAL)

i PLATES VERTICAL;
\/ % AXIS OF WELD
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PLATES VERTICAL;
AXIS OF WELD.
HORIZONTAL

(B) TEST POSITION 2G
(HORIZONTAL)

PLATES HORIZONTAL

(D) TEST POSITION 4G
(OVERHEAD)

Figure 5.3 — Position of Test Plates for Groove Welds (see 5.6.1.1)

Part B
Types of Tests, Test Methods,
and Acceptance Criteria

5.7 Types and Purposes of Tests

The tests described in Part B are intended to determine
the strength or degree of soundness of welds made in
accordance with the specified welding procedure or the
soundness of welds made by a welder, welding operator,
or tack welder.!2

5.7.1 Visual examination for appearance is required for
procedure qualification and performance qualification.

5.7.2 Mechanical Tests

5.7.2.1 Tension tesis for strength of groove welds are
required for procedure qualification.

12. The provisions of ANSI/AWS B4.0, Standard Methods
Jor Mechanical Testing of Welds, may be used for the testing of
welds made for procedure or performance qualification. How-
ever, in instances where the provisions of ANSI/ AWS B4.0 and
ANSI/AWS D1.2 are in conflict, ANSI/AWS D1.2 should
take precedence.
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5.7.2.2 Bend tests for soundness and ductility of
groove welds are required for procedure qualification
and performance qualification, except as permitted in
5.7.3.

5.7.2.3 Fillet weld fracture tests for soundness of fillet
welds are required for procedure and performance
qualification.

5.7.2.4 A fillet weld bend test for soundness of fillet
welds is required for procedure and performance quali-
fication.

5.7.3 Radiographic examination may be used in lieu of
bend tests for performance qualification of welded
groove joints in wrought materials. The radiographic
procedure and technique shall be in accordance with the
requirements of section 6, Part B of this Code.

5.8 Visual Examination

5.8.1 Examination Procedure. Visual inspection of the
weld surface shall be performed on the test weldment
prior to cutting any mechanical test specimens except
that macroetching of cut sections is included in the exam-
ination of fillet welds and partial penetration groove
welds. Liquid penetrants, magnifying lenses, scales or

AUS 0L.2 90 0784265 00L0557 0



_MJS DlL.2 90 WM O78u2k5 0010554 2 WA
32/ Qualification of Procedures and Personnel

WELD FLAT {+15°), DEPOSIT
16° FILLER METAL AT OR NEAR THE TOP.

(A) TEST POSITION 1G

! (PIPE HORIZONTAL AND ROTATED)

WELD HORIZONTAL (+15°).

(B) TEST POSITION 2G
{PIPE OR TUBE VERTICAL AND FIXED)

15° ’ =

15°

WELD FLAT, VERTICAL, OVERHEAD.

(C) TEST POSITION 6G
(PIPE OR TUBE HORIZONTAL (£ 15°) AND FIXED)

RESTRICTION RING

TEST WELD

45° £5°

(D) TEST POSITION 6G (E) TEST POSITION 6GR (T-, Y-, OR K-CONNECTIONS) .
(PIPE INCLINED (45° 1:5°) AND FIXED) (RESTRICTED-PIPE AXIS INCLINED —FIXED) ‘

Figure 5.4 — Position of Test Plates for Pipe or Tubing for Groove Welds (see 5.6.1.2)
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Note: One plate must be horizontal

(B) TEST POSITION 2F
(HORIZONTAL)

AXIS OF WELD
HORIZONTAI

Note: One plate must be harizontal

(D) TEST POSITION 4F
(OVERHEAD)

Figure 5.5 — Position of Test Plates for Fillet Welds (see 5.6.1.3)

templates may be used as aids in determining whether the
sample weldment passes the criteria outlined in 5.8.2 or
5.8.3.

5.8.1.1 For detecting discontinuities that are open
to the surface, liquid penetrant inspection may be
used. The methods set forth in ASTM EI65, Standard
Recommended Practice for Liquid Penetrant Inspection
Method, shall be used and the standards of acceptance
shall be in accordance with 8.8.1, 9.8.1, or 10.15.1,
whichever is applicable,

5.8.1.2 The macroetched specimen for the fillet weld
test assembly or the partial penetration groove weld test
assembly shall be taken from the end of the sample
weldment. The macroetch specimens for fillet welded
pipe, tubing, or casting groove welded assemblies shall
be taken by sectioning longitudinally through the center
of the pipe, tubing, or casting. One cut face of the spec-
imen shall be smoothed and etched with a suitable
etchant to give a clear definition of the weld metal and
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heat-affected zone. Etching solutions, procedures, and
safety requirements are given in Appendix G.

5.8.2 Acceptance Criteria — Visual Examination —
Groove Welds, Plate and Pipe. Unless the test weldment
passes the following visual examination, the test shall
have failed. :

(1) Both the face and root surfaces shall be free of
cracks.

(2) Allcraters shall be filled to the full cross section of
the weld.

(3) The edges of the weld shall blend smoothly with
the base metal.

(4) Underfill shall not exceed 0.01 in, (0.25 mm).

(5) The root shall show (a) complete fusion for full
penetration welds, or (b) penetration equal to or greater
than the weld size for partial penetration welds.

(6) The maximum meli-through on groove welds in H
pipe or tubing shall not exceed 1/8 in. (3 mm).

(7) The root concavity shall not exceed 1/16 in.
(1.6 mm).
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(A) TEST POSITION 1F
FOR FLAT POSITION
(INCLINED ROTATED)

(FIXED)

(D) TEST POSITION 4F
FOR OVERHEAD POSITION
(FIXED)

(8) Total weld thickness shall be equal to or greater
than the thickness of the base metal, but the weld rein-
forcement shall not exceed the following:

Maximum
Thickness, t reinforcement
in. mm in, mm
t=3/8 t<9.5 3/32 24
3/8<t=<3/4 95<t=19 1/8 3
t>3/4 t>19 3/16 5

5.8.3 Acceptance Criteria — Visual Examination of
Fillet Welds for Plate or Pipe. Unless the test weldment
passes the visual examination as follows, the test shall
have failed:
(1) The surface of the weld shall be free from cracks.
(2) Allcraters shall be filled to the full cross-section of
the weld,

(B) TEST POSITION 2F
FOR HORIZONTAL POSITION

(C) TEST POSITION 2FR
FOR HORIZONTAL POSITION
(ROTATED)

L

(E) TEST POSITION 5F
FOR MULTIPLE POSITION
(FIXED)

Figure 5.6 — Position for Test Pipes for Fillet Welds (see 5.6.1.4)

(3) The edges of the weld shall blend smoothly with
the base metal.

(4) Underfill shall not exceed 0.01 in. (0.25 mm).

(5) The leg lengths shall meet the requirements of the
procedure specification.

(6) The weld shall exhibit complete fusion in the root
and to the base metal by the macroetch test.

5.9 Tension Tests — Groove Welds

5.9.1 Specimens. Tension test specimens shall conform
to one of the types illustrated in Figures 5.7, 5.9 or
5.10.

5.9.1.1 Reduced Section Test Specimens — Plate.
Reduced section specimens from plate conforming to the
requirements given in Figure 5.7 shall be used for tension
tests on all thicknesses of plate.
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THE EDGES MAY BE MACHINED,
MILLED, SAWED OR CUT BY
. OTHER SUITABLE MEANS PLATE
174 in. (6 mm) ; t o Piee
- 1/4 in. {6 mm) t I-—

| C
W

1
W ;
o 1 1\
_-—;— ______ 1 in. (26 mm) B \}\—L_L

i

MIN. RADIUS r ™ WiDEST FACE
THIS SECTION OF WeLD
1/4 in. {6 mm) MACHINED
PREFERABLY
BY MILLING MACHINE THE MINIMUM AMOUNT
- L NEEDED TO OBTAIN PLANE PARALLEL

FACES OVER THE REDUCED SECTION

Dimensions (in.)

Test plate Test pipe
3in.or greater than 3 in.
smaller diameter or large
Tp=1in. Tp>1in. diameter job size pipe
A —Length of reduced section Widest face of weld + 1/2 in., 2-1/4 min Widest face of weld + 1/2 in.
L —Ovaerall length, min (Note 2) As required by testing equipment As required by testing equipment
W-—Width of reduced section 1-1/2£0.01 1+£0.01 1/24+0.01 3/4 £0.01
{Notes 3, 4)
C —Width of grip section, min 2 1-1/2 1 approx. 1-1/4 approx.
(Notes 4, b)
t —Specimen thickness Tp Tp/n Maximum possible with plane parallel
(Notes 6, 7) (Note 7) faces within length A
r —Radius of fillet, min 1 1 1 1
Dimensions (mm)
Test plate Test pipe
76 mm or greater than 75 mm
smaller diameter or large
Tp =25 mm Tp > 25 mm diameter job size pipe
A —Length of reduced ssction Widest face of weld + 13 mm, 58 min Widest face of weld + 13 mm
L —OQverall length, min (Note 2) As required by testing equipment As required by testing equipment
W—Width of reduced section . 38 £.25 381.25 13+.26 194 .26
{Notes 3, 4)
C —Width of grip section, min 51 38 25 approx. 32 approx.
(Notes 4, 6)
t —Specimen thickness Tp Tp/n Maximum possible with plane parallel
{Notes 6, 7) {Note 7) faces within length A
r —Radius of fillet, min 25 25 25 25
Notes:

1. Tp =thickness of the plate.

2. ltis desirable, if possible, to make the length of the grip section large enough to allow the specimen to extend into the grips a distance
equal to two-thirds or more of the length of the grips.

3. The ends of the reduced section shall not differ in width by more than 0.004 in. {.102 mm). Also, there may be a gradual decrease in
width from the ends to the center, but the width at either end shall not be more than 0.015 in. (.381 mm) larger than the width at the
center.

4, Narrower widths (W and C) may be used when necessaty. In such cases, the width of the reduced section should be as large as the width
of the material being tested permits. If the width of the material is less than W, the sides may be parallel throughout the length of the
specimen.

5. For standard plate-type specimens, the ends of the specimen shall be symmetrical with the center line of the reduced section
within 0.25 in. {6 mm) except for referee testing, in which case the ends of the specimen shall be symmetrical with the center line
of the reduced section within 0.10 in (2.5 mm).

6. The dimension tis the thickness of the test specimen as provided for in the applicable material specifications. The minimum nominal
thickness of 1-1/2 in. {38 mm) wide specimens shall be 3/16 in. (6 mm) except as permitted by the product specification.
7. Forplatesover 1 in. (25.4 mm)thick, specimens may be cut into the minimum number of approximately equal strips not exceeding 1 in.
. in thickness. Test each strip and each strip must meet the tensile requirements.

Figure 5.7 — Reduced Section Tension Specimens — Plate and Tubing
(see 5.9.1.1 and 5.9.1.2)
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(1) A single specimen of full plate thickness shall be
used for thicknesses up to and including 1 in. (25 mm).

(2) For plate thicknesses greater than 1 in. (25 mm),
single or multiple specimens may be used.,

(3) When multiple specimens are necessary because of
the limitations of the testing equipment, the entire thick-
ness shall be cut mechanically into the minimum number
of approximately equal slices of a thickness that can be
tested in the available equipment, Each specimen (slice)
shall be tested, and collectively shall represent a single
required tension test,

5.9.1.2 Reduced Section Test Specimens — Pipe

(1) For pipe having an outside diameter greater than
3 in, (75 mm), reduced section specimens conforming to
the requitements given in Figure 5.7 shall be used for
tension tests on all thicknesses, '

(a) A single specimen of the full thickness shall be
used for thicknesses up to and including 1 in. (25 mm),

(b) For thicknesses greater than 1 in. (25 mm),
single or multiple specimens may be used.

(c) When multiple specimens are necessary because
of the limitations of the testing equipment, the entire
thickness shall be cut mechanically into the minimum
number of approximately equal slices of a thickness that
can be tested in the available equipment. Each specimen
(slice) shall be tested and collectively shall represent a
single required tension test.

(2) For pipe having an outside diameter of 3 in.
(75 mm) or less, test specimens conforming to the re-
quirements given in Figure 5.9 may be used for tension
tests,

5.9.1.3 Full-Section Pipe. For pipe having an outside
diameter of 3 in. (75 mm) or less, full-section specimens
conforming to the requirements given in Figure 5.10 may
be used for tension tests.

5.9.1.4 Partial Joint Penetration Groove Welds —
Plate and Pipe. For partial joint penetration groove
welds in plate and pipe, the excess material on the root
side of the joint shall be removed by machining to the
thickness of the weld size. Tension test specimens shall be
prepared in accordance with 5.9.1.

5.9.2 Tension Test Procedure, Each tension test speci-
men shall be ruptured under tensile load and the maxi-
mum load shall be determined. The tensile strength shall
be computed by dividing the maximum load by the least
cross-sectional area of the specimen as determined from
measurements made before the load was applied.

5.9.3 Acceptance Criteria -~ Tension Tests — Plate and
Pipe

5.9.3.1 The tensile strength shall be no less than the
applicable requircment in Table 5.1. When multiple
specimens are used, as allowed in 5.9.1.1 and 5.9.1.2,
each specimen (slice) shall meet the requirement,
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5.9.3.2 If base metals of different tensile strengths are
used, the specified minimum tensile strength of the
weaker of the two, as shown in Table 5.1, applies.

5.10 Bend Tests — Groove Welds —
Plate and Pipe

5.10.1 Specimens. Except as allowed in 5.7.3, bend test
specimens shall be prepared by cutting the test weldment
to form specimens of approximately rectangular cross
section conforming to one of the types shown in Figures
5.11, 5.12, or 5.13. The cut surfaces shall be designated
the sides of the specimen. The original surfaces of the
specimen shall be called the face and root surfaces, the
face surface having the greater width of weld. Bend
specimens are of five types, depending on whether the
axis of the weld is transverse or parallel to the longitu-
dinal axis of the specimen and which surface (side, face,
or root) is on the convex (outer) side of the bent speci-
men. Longitudinal bend specimens may be used in lieu of
transverse bend specimens for testing combinations of
base and filler materials which differ markedly in bend-
ing properties.

5.10.1.1 Transverse Side Bend Specimen. The weld is
transverse to the longitudinal axis of the specimen which
is bent so that the side surface with the larger disconti-
nuity, if any, becomes the convex surface of the bent
specimen. Transverse side bend specimens shall conform
to the dimensions shown in Figure 5.11. Specimens of
base metal thickness greater than 1.5 in. (38.1 mm) may
be bent at full width or cut into an odd number of strips
of approximately equal width so that the axis of one
interior strip coincides with root of the weld. Each speci-
men (strip) shall be tested and, collectively, shall repre-
sent a single required bend test.

5.10.1.2 Transverse Face Bend Specimen. The weld
is transverse to the longitudinal axis of the specimen
which is bent so that the face surface becomes the convex
surface of the bent specimen. Except for pipe less than or
equal to 4 in. (100 mm) in diameter, transverse face bend
test specimens shall conform to the dimensions shown in
Figure 5.12.

5.10.1.3 Transverse Root Bend Specimen. The weld
is transverse to the longitudinal axis of the specimen
which is bent so that the root surface becomes the convex
surface of the bent specimen. Except for pipe less than or
equal to 4in. (100 mm) in diameter, transverse root bend
test specimens shall conform to the dimensions shown in
Figure 5.12. In specimens taken from partial joint pene-
tration welds, the root of the joint shall be the weld size,
and the weld assembly shall be cut to and tested at that
plane.




_AUS D1.2 90 WW 07842k5 0010563 & mm

Quéﬁﬂc&ﬁdh%?f’rocedures and Personnel/37

| |
! - g
- REDUCED. 3in. (75 mm)__|
_05+0.015in. SECTION MIN
{13 £ .38 mm) SEE NOTE 5
- U ) S—
1-1/16in.
(27 mm) - - t
rd /\
/ -RAD. 1 in. (26mm) MIN
EDGE OF WIDEST
FACE OF WELD

Notes:

1.
2.

R

Cross-sectional area = 0.5 x "t".

Test specimen thickness (t} shall be within the material thickness range allowed by the applicable material specification for the
schedule/diameter of pipe being tested.

The specimen reduced section shall be parallel within 0.010 in. (.254 mm). Specimen width maybe gradually tapered provided the
ends are no more than 0.010 in. (.264 mm) wider than the center.

Weld reinforcement shall be removed so that weld thickness does not exceed the base metal thickness.

The reduced section shall not be less than the width of the welds plus two "t".

Specimen edges shall not be arc or flame cut.

Figure 5.9 — Alternate Reduced Section Tension Specimen for Pipe
[3 in. (75 mm) Diameter or Less] (see 5.9.1.2)

\ =\
N 11 TNV
5 I 2 \
I
§ A8 1L
\ I
DMINl \
} \
A
D MIN i\
WELD REINFORCEMENT SHALL
BE MACHINED FLUSH WITH
THE BASE METAL
2D MIN i
D L
N
ﬂl DMIN |
____}DAF '
pmiN | | D'Vi'NT '
_J’__.‘ —- — 5 1l r
V-JAWS OF
H i "TestnG 7 1%
! MACHINE \' ZI\ K
PLUG

Figure 5.10 — Full Section Tension Specimens — Small Diameter Pipe
[3 in. (75 mm) Diameter or Less] (see 5.9.1.3)
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Tensile Strength of Welded Aluminum Alloys (see 5.9.3.1)

Table 5.1

(GTAW or GMAW with no Postweld Heat Treatment)

Copyright by the American Welding Society Inc
Sat Jul 05 14:57:36 1997

Material Product-Thickness Minimum Tensile
No. Alloy and Temper(s) in in. (mm) Strength in ksi (MPa)
21 1060-0, H12, H14, H16, H18, Sheet & Plate Up thru 3.000 (76.2) 8 (55)
H22, H24, H26,H28, @ —F—————————————— —— — —————
H112, H113, F Extrusions All 8.5(59)
21 1100-0, H12, H14, H16, HIS, All Up thru 3.000 (76.2) 11 (76)
H22, H24, H26, H28,
Hi12, H113, F
24 2219-T62, T81, T851, All Up thru 2.999 (76.2) 35 (242)
T8510, T8511, T87 Plate 3.000 - 6.000 (76.2 - 152) 35 (242)
2219-T6, T852 Forgings 3.000 — 4.000 (76.2 - 102) 35 (242)
21 3003-0, H12, H14, H16, HI8 All Up thru 3.000 (76.2) 14 (97)
H22, H24, H26, H28,
H112, HI13, F
21 Alclad 3003-0, H12, H14, H16, Tube All 13 (90)
HI8, H112, H113, F, Sheet & Plate Up thru 0.499 (12.7) 13 (90)
H22, H24, H26 Plate 0.500 - 3.000 (12.7 - 76.2) 14 (97)
22 3004-0, H22, H24, H26, H28, All Up thru 3.000 (76.2) 22 (152)
H32, H34, H36,
H38, HI12,F
22 Alclad 3004-0, H22, H24, H26 Sheet & Plate Up thru 0.499 (12.7) 21 (145)
H32, H34,H3%, W ———————————————— — —— = ———
H38, H112, F Plate 0.500 - 3.000 (12.7 - 76.2) 22 (152)
21 5005-0, H12, H14, H16, H18 All Up thru 3.000 (76.2) 14 (97)
H22, H24, H26, H32,
H34, H36, H38 H112, F
21 5050-0, H22, H24, H26, All Up thru 3.000 (76.2) 18 (124)
H32, H34, H36,
H38, HI12, F
22 5052-0, H22, H24, H26 All Up thru 3.000 (76.2) 25 (173)
H28, H32, H34, H36,
H38, HII2, F
25 5083-0, H111, H112, Forgings Up thru 4.000 (102) 38 (262)
5083-0, H111, H112, F Extrusions Up thru 5.000 (127) 39 (269)
5083-0, H112, H116, Sheet & Plate 0.051 - 1.500 (1.3 - 38.1) 40 (276)
H321, F Plate 1.501 - 3.000 (38.1 - 76.2) 39 (269)
5083-0, F Plate 3.001 - 5.000 (76.2 — 127) 38 (262)
Plate 5.001 —7.000 (127 - 178) 37 (255)
Plate 7.001 - 8.000 (178 - 203) 36 (248)
(Continued)
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‘ Table 5.1 (Continued)
Material Product-Thickness Minimum Tensile

No. Alloy and Temper(s) in in. (mm) Strength in ksi (MPa)

25 5086-0, H32, H34, H36, All Up thru 2.000 (50.8) 35(242)
H38, H111, H112, H116, F
5086-0, H111, H112, F Exirusions 2.001 - 5.000 (50.8 - 127) 35 (242)

Plate 2.001 - 3.000 (50.8 - 76.2) 34 (235)

22 5154-0, H22, H24, H26, H28 All Up thru 3.000 (76.2) 30 (207)
H32, H34, H36,
H38, H112, F

22 5254-0, H32, H34, H36, All 0.051 - 3.000 (1.3 - 76.2) 30 (207)
H38, H112, F

22 5454-0, H32, H34, All Up thru 3.000 (76.2) 31 214)
HI111, HI12, F

25 5456-0, H111, H112, F Extrusions Up thru 5.000 (127) 41 (283)
5456-0, H112, H116, Sheet & Plate 0.051 — 1.500 (1.3 - 38.1) 42 (290)
H321, F Plate 1.501 - 3.000 (38.1 - 76.2) 41 (283)
5456-0, H116, F Plate 3.001 - 5.000 (76.2 - 127) 40 (276)
5456-0, F Plate 5.001 - 7.000 (127 - 178) 39 (269)

Plate 7.001 - 8.000 (178 - 203) 38 (262)

22 5652-0, H22, H24, H32, All Up thru 3.000 (76.2) 25(173)
H34, H112, F

23 6005-T5 Extrusions Up thru 1.000 (25.4) 24 (166)

23 6061-T4, T42, T451, T51, All Up thru 3.000 (76.2) 24 (166)
T6, T62, T651
6061-T6, T62, T651 Plate & Forgings 3.001 - 4.000 (76.2 - 102) 24 (166)
6061-T62, T651 Plate 4.001 - 6,000 (102 - 152) 24 (166)
6061-T6 Forgings 4.001 - 8.000 (102 - 203) 24 (166)

23 Alclad 6061-T4, T42, T451, Sheet & Plate Up thru 3.000 (76.2) 24 (166)
Té6, T62, T651
Alclad 6061-T62, T651 Plate 3.001 - 5.000 (76.2 - 127) 24 (166)

23 6063-T4, T42, T5, T52, T6, Extrusions Up thru 1.000 (25.4) 17 (117)
T62, T83, T831, T832

23 6351-T4, TS, T51, T53, Extrusions Up thru 1.000 (25.4) 24 (166)
T54, T6

27 7005-T53 Extrusions 0.125 - 1.000 (3.2 -25.9) 40 (276)

‘ (Continued)

Copyright by the American Welding Society Inc
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Table 5.1 (Continued)

Material Product-Thickness Minimum Tensile

No. Alloy and Temper(s) in in, (mm) Strength in ksi (MPa)
26 A201.0-T7 Castings All Note 1

26 354.0-T6l, T62 Castings All Note 1

26 C355.0-T6, T6l Castings All Note 1

26 356.0-T6, T7, T71 Castings All 23 (159)

26 A356.0-T6, T6! Castings All Note |

26 357.0-Te6, T7 Castings All Note !

26 A357.0-T6, T61 Castings All Note 1

26 359.0-T61, T62 Castings All Note 1

26 443.0-F Castings All 17 (117)

26 514.0-F Castings All 22 (152)

26 535.0-F Castings All 35(242)

Note: '

1, Minimum as-welded tensile strength has not been established for this alloy. The tensile properties must be established by procedure qualification
and approved by the Engineer.

SURFACES MUST BE DRESSED BY
MACHINING OR SAW CUT
SURFACES MAY BE PLASMA ARC CUT

|« 6 in. (150 mm) MIN 1/8in. {3 mm) MIN
|
N A b A —
A\ w 1‘ : + -
— LEe—A————
1 RADIUS

1ain MIN 17810 MAX (W=3/8in.)
78in. (3 mm 1/16 in. MAX (W =1/8 in)

________ 1 F RADIUS 3 mm MAX (W = 10 mm)
1.6 mm MAX (W =3 mm)
b
t T, in. t, in.
1 3/8101-1/2 T
\— >1-1/2 See Note 2
WHEN T EXCEEDS 1-1/2 in. (38.1 mm),
CUT ALONG THIS LINE.
T, mm t, mm
W=1/8in. (3 mm) FOR ALL WELDS IN M23 MATERIAL AND
WELDS MADE WITH F23 FILLER METAL. 9.5 to 38.1 T
W =3/8in. (10 mm) FOR ALL OTHERS* >38.1 See Note 2

Notes:

1. Saw cut along line indicated.

2. For plates over 1-1/2in. (38.1 mm) thick, cut the specimen into approximately equal strips with t between 3/4 and 1-1/2in.
and test each strip.

3. May be bent full width (see requirements on jig width, 5.10.2.3).

*|f M23 materials are annealed before testing they shall be tested in this thickness category.

Figure 5.11 — Transverse Side Bend Specimens (see 5.10.1.1)

Copyright by the American Welding Society Inc
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SURFACES? SHALL BE MACHINED
FLAT FOR PIPE LARGER THAN
4.in. {100 mm) IN OD

1/8in. (3 mm)
1/8 in. (3 mm) MAX RADIUS# MAX RADIUS#

/
{
1
!
|
1
\

\

1-1/2in.
{38 mm)

— =,

A
A

I

« 6 in. (150 mm) MIN e >\;\TK ;=
FACE BEND ROOT BEND
. ROOT BEND
t, mm t,in.
WELDS IN M23 MATERIAL  ALL WELDS IN M23 MATERIAL AL
AND WELDS MADEWITH  OTHER AND WELDS MADE WITH  OTHER
T, mm F23FILLERMETAL  MATERIALS* Tin. F23 FILLERMETAL  MATERIALS*
16-32 T T 1/16-1/8 T T
3.2-95 32 T 1/8-3/8 1/8 T
>95 32 0.5 >3/8 1/8 3/8

| I *IF M23 MATERIALS ARE ANNEALED BEFORE TESTING, THEY SHALL BE TESTED IN THE THICKNESS
LISTED IN THIS CATEGORY.

Notes:

1. Weld reinforcement and backing strip or backing ring, if any, shall be removed flush with the surface of the spacimen. If a recessed
ring s used, this surface of the specimen may be machined to a depth not exceeding the depth of the recess to remove the ring,
except that in such cases the thickness of the finished specimen shall be that specified above. Do not flame-cut nonferrous
material,

2. If the pipe being tested is 4 in. (100 mm) outside diameter or less, the width of the bend specimen may be 3/4 in. (19 mm),
measured around the outside surface. Alternatively, if the pipe being tested is less than 2 in. (51 mm) pipe size (2.375 in. (60.3 mm)
outside diameter), the width of the bend specimens may be that obtained by cutting the pipe into quarter sections, less an
allowance for saw cuts or machine cutting.

3. Surfaces shall be machined flat for pipe larger than 4 in. (100 mm) OD. Curvature shall remain where pipe is 4 in. {100 mm)or less OD.

l I 4. R=1/2t maxfort<1/4 in. (6.4 mm).
R=1/8in. (3 mm) max fort> 1/4 in. (6.4 mm)

. Figure 5.12 — Transverse Face- and Root-Bend Specimens (see 5.10.1.2 and 5.10.1.3)

Copyright by the American Welding Society Inc
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5.10.1.4 Subsize Transverse Face and Root Bend
Specimen. For pipe 4 in. (100 mm) or less in outside
diameter, the width of the specimen may be 3/4 in,
(19 mm), measured around the outside surface. Alter-
natively, for pipe less than 2-3/8 in. (60 mm) in outside
diameter, the width of the specimen may be that
obtained by cutting the pipe into quarter sections, less
the allowance for cutting, The other dimensions shall be
as shown in Figure 5.12.

5.10.1.5 Longitudinal Face Bend Specimen, The
weld is parallel to the longitudinal axis of the specimen
which is bent so that the face surface becomes the convex
surface of the bent specimen., Longitudinal face bend test
specimens shall conform to the dimensions shown in
Figure 5.13.

5.10.1.6 Longitudinal Root Bend Specimen. The
weld is paralle] to the longitudinal axis of the specimen
which is bent so that the root surface becomes the convex
surface of the bent specimen. Longitudinal root bend test
specimens shall conform to the dimensions shown in
Figure 5.13. In specimens taken from partial joint pene-
tration welds, the root of the joint shall be the weld size,

and the weld assembly shall be cut to and tested at that
plane.

5.10.2 Test Procedures — Bend Tests — Plate and Pipe.
Bend test specimens cut from M23 and M24 materials
may be annealed prior to testing.!* Bend test specimens
shall be bent in a test jig that is in substantial accordance
with Figure 5.14, 5.15 or 5.16.

5.10.2.1 When a plunger-type jig (Figure 5.14 or 5.15)
is used, the face surface of the specimen shall be turned
toward the gap of the jig for face bend tests, the root
surface for root bend tests, and the side with the larger
discontinuity, if any, for side bend tests. The specimen
shall be centered on the jig and forced into the gap by
applying a load to the plunger until, with jigs of the type
in Figure 5.14, the position of the specimen is such that a
1/8in. (3 mm) diameter wire cannot be inserted between
the specimen and die, or with jigs of the type in Figure
5.15, the specimen is ejected from the bottom.

13. Annealing practice: Hold 2-3 hours at 775°F (410°C) and
cool at 50°F/hr (28°C/hr) to 500°F (260°C). The rate of
cooling below 500°F is unimportant.

6 in. (160 mm) MIN

t,in.

WELDS IN M23 MATERIAL ALL

t, mm

WELDS IN M23 MATERIAL ALL

AND WELDS MADE WITH OTHER
T, mm F23 FILLER METAL MATERIALS*
1.6-3.2 T T
3.2-956 3.2 T
>95 3.2 95

¥|F M23 MATERIALS ARE ANNEALED BEFORE TESTING, THEY SHALL BE TESTED IN THE THICKNESS
LISTED IN THIS CATEGORY.

AND WELDS MADE WITH OTHER
T, in. F23 FILLER METAL MATERIALS*
1/16-1/8 T T
1/8-3/8 1/8 T
>3/8 1/8 3/8
Notes:

1. Weld reinforcements and backing strip or backing ring, if any, shall be removed essentially flush with the undisturbed surface of the
base material, If a recessed strip is used, this surface of the specimen may be machined to a depth not exceeding the depth of the
recess to remove the strip, except that in such cases the thickness of the finished specimen shall be that specified above.

2. R=1/2tmaxfort<1/4in. (6.4 mm).
R=1/8in. (3 mm) max for t > 1/4 in. (6.4 mm)

Figure 5.13 — Longitudinal Face- and Root-Bend Specimens (see 5.10.1.5 and 5.10.1.6)

Copyright by the American Welding Society Inc
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TAPPED HOLE TO SUIT AS REQUIRED
TESTING MACHINE wan
I-As REQUIRED—] ¢ A
| .
3/4 1
PLUNGER
SHOULDERS HARDENED —\ 2 | 1178
AND GREASED ! _’l |
- l HARDENED ROLLERS,
- 1-1/2 DIA. MAY
BE SUBSTITUTED
§ FOR JIG SHOULDERS
&
1/8
® 9 |
THICKNESS OF
SPECIMEN {(in.) A, in. B, in. C.in. D, in. MATERIALS4
3/8 1-1/2 3/4 2-3/8 1-3/16 M21 and M22
t 4t 2t 6t+1/8 3t+1/16
1/8 2-1/16 1-1/32 2-3/8 1-3/16 M23 and
t(<1/8) 16-1/2t 8-1/4t 18-1/2t+1/16 9-1/4t+1/32  F23 Welds'
3/8 2-1/2 1-1/4 3-3/8 1-11/16 M252
t 6-2/3t 3-1/3t 8-2/3t+1/8 4-1/3t+1/16
3/8 3 1-1/2 3-7/8 1-16/16 M242 and M27
t 8t 4t 10t+1/8 5t+1/16
1. Foranyweldment made with F23 filler metal, the bend test specimen may be reducedto 1/8in.in
thickness, the corner radius “R" reduced to 1/186 in. maximum, and the specimen shall be bent as
prescribed for as-welded M23 materials.
2. Includes annealed specimens of M23 materials.
3. M24 specimens are annealed prior to bend testing.
4. For M26 materials, See 5.17.1 or 5.25.1.

Figure 5.14 — Plunger-Type Guided Bend Jig (see 5.10.2.1)

Copyright by the American Welding Society Inc
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TAPPED HOLE TO SUIT AS REQUIRED
TESTING MACHINE wpn
l«-As REQUIRED—| = A
! ! } 7
PLUNGER =
SHOULDERS HARDENED \ | 29
AND GREASED I Rk —-‘ '—»
| HARDENED ROLLERS,
7 1 < 7 38 DIA. MAY
29 19 ¢ R BE SUBSTITUTED
i , + = FOR JIG SHOULDERS
N -
o | [—
z £ 19A
E -
| ROY 3
‘ an H l )
' 19 ! . . "
bgme 51 ] t _/| I‘—”Cu__> \_HDHR
9% - YOKE I L 191
l 229 {
ALL DIMENSIONS IN MILLIMETERS
THICKNESS OF
SPECIMEN (mm) A, mm B, mm C, mm D, mm MATERIALS#
9.5 38 19 60 30 M21 and M22
t 4 2t 6t+3 3t+1.6
3.2 62 26 60 30 M23 and
1(<3.2) 16-1/2t 8-1/4t 18-1/2t+1.6 9-1/4t +1 F23 Welds'
9.6 64 32 86 43 M262
t 6-2/3t 3-1/3t 8-2/3t+3 4-1/3t+1.6
9.5 75 38 98 49 M243 and M27
t 8t 4t 10t+3 5t+1.6
1. For any weldment made with F23 filler metal, the bend test specimen may be reduced to 3.2 mm in
thickness, the corner radius "R" reduced to 1.6 mm maximum, and the specimen shall be bent as
prescribed for as-welded M23 materlals.
2. Includes annealed specimens of M23 materials.
3. M24 specimens are annealed prior to bend testing.
4. For M26 materials, See 5.17.1 or 5.25.1.

Figure 5.14 (continued) — Plunger-Type Guided Bend Jig (Metric Version) (see 5.10.2.1)

Copyright by the American Welding Society Inc
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. —» A |e—

I
A

—l'
00 qiequm

Ry =374 in.

——

THICKNESS OF
SPECIMEN (in.) A, in. B, in. C,in. MATERIALS 10
3/8 1-1/2 3/4 2-3/8 M21 and M22
1 4t 2t 6t+1/8
1/8 2-1/16 1-1/32 2-3/8 M23 and
(< 1/8) 16-1/2t 8-1/4t 18-1/2t+1/16 F23 Welds’
| 3/8 2-1/72 1-1/4 3-3/8 M258
1 6-2/3t 3-1/5t 8-2/3t+1/8
3/8 3 1-1/2 3-7/8 M24° and M27
1 8t 4t 10t+1/8

—

. Either hardened and greased shoulders, or hardened rollers free to rotate shall be used.

2. The shoulders or rollers shall have a minimum bearing surface of 2 in. for placement of the
specimen. The rollers shall be high enough above the bottom of the jig so that the specimens
will clear the rollers when the ram is in the low position.

3. The ram shall be fitted with an appropriate base and provision made for attachments to the
testing machine, and shall be of a sufficiently rigid design to prevent deflection and
misalignment while making the bend test. The body of the ram may be less than the
dimensions shown in column A.

4. If desired, either the rollers or the roller supports may be made adjustable in the harizontal
direction so that specimens of varied thickness may be tested on the same jig.

5. The roller supports shall be fitted with an appropriate base designed to safeguard against
defiection or misalignment and equipped with means for maintaining the rollers centered,
midpoint and aligned with respect to the ram.

6. The weld and heat-affected zone in the case of a transverse-weld bend specimen shall be
completely within the bend portion of the specimen after testing.

7. For any weldment made with F23 filler metal, the bend test specimen may be reduced to
1/8 in. in thickness, the corner radius “R" reduced to 1/16 in. maximum, and the specimen
shall be bent as prescribed for as-welded M23 materials.

8. Includes annealed specimens of M23 materials.

9. M24 material specimens are annealed prior to bend testing.

10. For M26 materials, see 5.17.1 or 5.25.1.

Figure 5.15 — Roller-Type Guided Bend Jig (see 5.10.2.1)
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B={1/2} A

RMlN =19 mm

Ruin
ALL DIMENSIONS IN MM

THICKNESS OF
SPECIMEN (mm) A, mm B, mm C, mm MATERIALS 10
9.6 38 19 60 M21 and M22
t 4t 2t 6t+3
3.2 52 26 60 M23 and
1({< 3.2} 16-1/2t 8-1/4t 18-1/2t+1.6 F23 Welds?
9.5 64 32 86 m258
t 6-2/3t 3-1/3t 8-2/3t+3
9.5 75 38 98 M242 and M27
t 8t 4t 10t+3
1. Either hardened and greased shoulders, or hardened rollers free ta rotate shall be used.

2. The shoulders or rollers shall have a minimum bearing surface of 51 mm for placement of the
specimen. The rollers shall be high enough above the bottom of the jig so that the specimens
will clear the rollers when the ram is in the low position.

3. The ram shali be fitted with an appropriate base and provision made for attachments to the
testing machine, and shall be of a sufficiently rigid design to prevent deflection and misalign-
ment while making the bend test. The body of the ram may be less than the dimensions shown
in column A,

4. If desired, either the roflers or the roller supports may be made adjustable in the horizonta!
direction so that specimens of varied thickness may be tested on the same jig.

5. The roller supports shall be fitted with an appropriate base designed to safeguard against
deflection or misalignment and equipped with means for maintaining the rollers centered, mid-
point and aligned with respect to the ram.

6. The weld and heat-affected zone in the case of a transverse-weld bend specimen shall be com-
pletely within the bend portion of the specimen after testing.

7. For any weldment made with F23 filler metal, the bend test specimen may be reduced to
3.2 mm in thickness, the corner radius “R” reduced to 1.6 mm maximum, and the specimen
shall be bent as prescribed for as-welded M23 materials.

8. Includes annealed specimens of M23 materials.

. M24 material specimens are annealed prior to bend testing.

10, For M26 materials, see 6,17.1 or 5.26.1.

©

Figure 5.15 (continued) — Roller-Type Guided Bend Jig
(Metric Version) (see 5.10.2.1)
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t+1/16in. d

(1.6 mm) MAX

ROLLER

\ O~

'
B=(1/2)A

THICKNESS OF THICKNESS OF
SPECIMEN (in.) A, in. B, in. MATERIALS? SPECIMEN (mm) A, mm B, mm MATERIALS?
3/8 1-1/2 374 M21 and M22 9.5 38 19 M21 and M22
t 4t 2t t 4t 2t
1/8 2-1/16 1-1/32 M23 and 3.2 52 26 M23 and
(< 1/8) 16-1/2t 8-1/4t F23 Welds* 1(<3.2) 16-1/2t 8-1/4t F23 Welds*
3/8 2-1/2 1-1/4 M255 95 64. 32 M255
t 6-2/3t 3-1/3t t 6-2/3 3-1/3t
3/8 3 1-1/2 M246 and M27 9.5 75 38 M248 and M27
t 8t 4t t 8t 4t

1. Dimensions not shown are the option of the designer. The essential consideration is to have adequate rigidity so that the jig parts

will not spring.

2. The specimen shall be firmly clamped on one end so that there is no sliding of the specimen during the bending operation.
3. Test specimens shall be removed from the jig when the outer roll has been removed 180 degrees from the starting point.

4. Foranyweldment made with F23 filler metal, the bend test specimen may be reduced to 1/8 in. (3.2 mmy)in thickness, the corner radius
“R" reduced to 1/16 in. (1.6 mm} maximum, and the specimen shall be bent as prescribed for as-welded M23 materials.

6. Includes annealed specimens of M23 materials.
6. M24 material specimens are annealed prior to bend testing.
7. For M26 materials, see 5.17.1 or 5.25.1.

Figure 5.16 — Wrap-Around Guided Bend Jig (see 5.10.2.3)

5.10.2.2 When a jig of the wrap-around type (Figure
5.16} is used, the face surface of the specimen is turned
toward the outer roller for face bend tests, the root
surface for root bend tests, and the side with the larger
discontinuity, if any, for side bend tests, The specimen
shall be firmly clamped on one end so that there is no
sliding of the specimen on the center roller during the
bending operation. The specimen shall be wrapped
around the center roller by a 180° movement of the outer
roller.
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5.10.2.3 Where specimens wider than 1.5 in. (38 mm)
are to be bent, the test jig mandrel shall be at least 0,25 in.
(6 mm) wider than the specimen.

5.10.3 Acceptance Criteria — Bend Tests — Pipe and
Plate

5.10.3.1 The weld and heat-affected zone of a trans-
verse weld bend specimen shall be completely within the
bent portion of the specimen after bending.
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5.10.3.2 The convex surface of the bend test specimen
shall be visually examined for surface discontinuities.
For acceptance, the surface shall contain no discontinui-
ties exceeding the following dimensions:

(1) 1/8 in. (3 mm) measured in any direction on the
surface.

(2) 3/8 in. (10 mm)—for the sum of the greatest
dimensions of all discontinuities exceeding 1/32 in.
(0.8 mm), but less than or equal to 1/8 in, (3 mm), This is
based on a 1-1/2 in. (38 mm) specimen width. For other
specimen widths, a proportional sum of the greatest
dimensions shall apply.

(3) 1/4 in, (6 mm)—Maximum for a corner crack,
except when that corner crack resulted from a visible
inclusion or other fusion-type discontinuities, then the
1/8 in. (3 mm) maximum shall apply.

(4) Specimens with corner cracks exceeding 1/4 in.
(6 mm) with no evidence of inclusions or other fusion
type discontinuities may be disregarded and a replace-
ment test specimen from the original weldment shall be
tested,

5.11 Soundness Tests — Fillet Welds

5.11.1 Specimens

5.11.1.1 Option 1~ Fillet Weld Fracture Test — Pipe
and Plate. The dimensions and preparation of fillet weld
test weldments shall conform to the requirements shown
in Figure 5.17 or 5.18. The test weldment for plate
(Figure 5.17) shall be cut to provide two 4 in. (100 mm)
center sections, The ends should be retained for macro-
etch specimens, if required, (See Table 5.5). The test
weldment for pipe (Figure 5.18) shall be cut into four or
more sections, transverse to the welds,

. 511.1,2 Option 2 — Fillet Weld Root Bend Test—
Plate. The dimensions and preparation of the fillet weld
test specimens shall conform to the requirements in Fig-
ure 5.19. The backing material and reinforcement shall
be removed flush with the base metal.

All M23 materials and all materials welded with F23
filler metals shall have the face side removed to provide a
1/81n. (3.2 mm) thick bend specimen as shown in Figure
5.12.

5.11.2 Fillet Weld Soundness — Test Procedures

5.11.2.1 Option 1 — Fracture Test — Pipe and Plate.
The specimen load shall be increased steadily or applied
by repeated blows until it breaks or folds flat on itself.

5.11.2.2 Option 2—Root Bend Test—Plate. The
specimen shall be loaded in such a way that the root of
the weld becomes the convex surface of the bent speci-
men, The testing procedure for fillet weld root bend
specimens shall be the same as for groove welds in 5.10.2,
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5.11.3 Fillet Weld Soundness — Acceptance Criteria

5.11.3.1 Option1— Fracture Test — Pipe and Plate.
If the specimen folds flat on itself, the specimen shall
have satisfactorily passed the test. If the specimen frac-
tures, the broken surface shall be examined visually. To
pass, it shall show complete fusion to the root of the
joint, and shall exhibit no inclusion or porosity larger
than 3/32in. (2 mm) in the greatest dimension. The sum
of the greatest dimensions of all inclusions and porosity
shall not exceed 3/4 in. (19 mm) in each 4 in. (100 mm)
segment.

5.11.3.2 Option 2 — Root Bend Test — Plate. The
specimen shall conform to the root bend criteria for
groove welds.

5.12 Radiographic Examination

(Optional for performance qualification groove welds,
plate)

MACROETCH
TEST SPECIMENS

S~

™~
7% o%%/ \/

MACROETCH TEST
SPECIMEN
INCHES MILLIMETERS

WELD WELD

SIZE T{MIN* T,MIN* SIZE T{MIN* T,MIN*

3/16 1/2 3/16 5 12.7 48

1/4 3/4 1/4 6 19.0 6.4

5/16 1 5/16 8 254 8.0

3/8 1 3/8 10 25.4 95

1/2 1 1/2 13 254 127

5/8 1 5/8 16 254 15.9

3/4 1 3/4 19 254 18.0
>3/4 1 1 >19 254 254

*Note: Where the maximum plate thickness used in production is
less than the value shown in the table, the maximum thickness of
the production pieces may be substituted for Ty and T.

Figure 5.17 — Fillet Weld Soundness Test
for Procedure Qualification —
Option 1 — Plate (see 5.11.1.1)
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. le———— 3 in. (76 mm) MIN ———>{<—2 in. (51_ ) M{N——=

—  le—1in. (26 mm)
MIN

LALLLLL L L L Ll
SN NNUONNNNUNUNSUONSONONOUNNINNSNNN

PIPE AXIS PER
POSITION TESTED

NSNS N NSNS

f f 3in. (75 mm) SCH 40 PIPE

2-1/2 in. (63 mm) SCH 40 PIPE

A - PIPE ASSEMBLY LONGITUDINAL SECTION

A - A SECTION

—A -FRACTURE SPECIMEN

[
FRACTURE SPECIMEN
A |
B - WELDED PIPE ASSEMBLY C - MACROETCH TEST SPECIMEN
' Figure 5.18 — Fillet Weld Soundness Test for Procedure

Qualification — Option 1 — Pipe (see 5.11.1.1)
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ROOT-BEN

THESE EDGES MAY BE PLASMA CUT

AND

MAY OR MAY NOT BE MACHINED.
AN

in. mm
1/8 3
3/8 10
16716 24
1 25
1-1/2 38
2 51
3 75

7 180

RADIUS 1/8 MAX

1-1/2

A\

1-1/2

16/16:

3MIN | r—

3 MIN

THE PORTION BETWEEN FILLET WELDS

3/8_ |

/ MAY BE WELDED IN ANY POSITION
—
¢

1]

MAXIMUM SIZE SINGLE
PASS FILLET WELD 3/8 in.

(SEE 3.6.3).

< —-h\
AT LEAST 3/8 X 2 in. [F RADIOGRAPHY IS USED,
THEN USE AT LEAST A 3/8 X 3 in. BAR.

THE BACKING SHALL BE IN INTIMATE
CONTACT WITH THE BASE METAL.

THE WELD REINFORCEMENT AND THE BACKING
SHALL BE REMOVED FLUSH WITH THE BASE METAL

Figure 5.19 — Fillet Weld Soundness Test for Procedure Qualification —
Option 2 — Root Bend Test — Plate (see 5.11.3.2)

5.12.1 Examination Procedure. The radiographic pro-
cedure and technique shall be in accordance with the
requirements of Part B, section 6. Exclude 1-1/4 in.
(32 mm) at each end of the weld from evaluation in the
plate test. Welded test pipe or tubing 4 in. (100 mm) in
diameter or larger shall be examined for a minimum of
one-half of the weld perimeter selected to include a
sample of all positions welded, (For example, a test pipe
or tube welded in the 5G, 6G, or 6GR position shall be
radiographed from the top centerline to the bottom
centerline on either side.) Welded test pipe or tubing
less than 4 in. in diameter shall require 1009 radiography.
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5.12.2 Radiographic Examination — Acceptance Cri-
teria, When the radiographic option is used for perform-
ance qualification, the acceptability shall be based on the
provisions of 8.8.2, 9.8.2, or 10.15.2, as applicable.

Part C
Procedure Qualification

5.13 General

Procedure qualification shall be conducted by the
contractor, fabricator or manufacturer. The procedure




qualification tests required in Part C are devised to
determine the strength and degree of soundness of welds
made by a specific welding procedure.

5.13.1 Contractor’s, Fabricator’s or Manufacturer’s
Responsibility. Each contractor, fabricator or manu-
facturer shall list in a document, known as the “welding
procedure specification (WPS),” the conditions appli-
cable to the welding that shall be performed under this
Code. Each contractor, fabricator or manufacturer shall
do the following:

(1) Qualify the WPS by welding test weldments,

(2) Testthe specimens taken from the test weldments,
as required in this section,

(3) Record the welding data and test results in a docu-
ment known as a “procedure qualification record (PQR).”
See Appendix E, Form E(b). A WPS may require the
support of more than one PQR.

5.13.2 Welding Procedure Specification (WPS). The
welding procedure specification (WPS) shall list in detail
the group numbers of the base metals to be joined, the
filler metal(s) to be used, the range of preheat and post-
weld heat treatments, thicknesses, and other variables
associated with the welding process. Copies of the WPS
shall be available for the guidance of the welders, weld-
ing operators, or tack welders and the authorized inspec-
tor(s). A recommended form for recording the WPS is
given in Appendix E, Form E(a). Changes may be made
in the nonessential variables to suit production require-
ments without qualification of the altered procedure,
provided such changes are documented. The contractor,
fabricator, or manufacturer shall certify that each weld-
ing procedure specification has been qualified by meet-
ing the acceptance criteria of the procedure qualification
test(s) and that the test results have been documented
with the necessary Procedure Qualification Record(s)
(PQR). A change in any essential variable oufside the
allowable limits shall require qualification of the altered
procedure and associated PQR.

5.13.3 Procedure Qualification Record (PQR). The
specific values of conditions involved in qualifying a
WPS shall be recorded in a form called the Procedure
Qualification Record (PQR). This form shall record the
essential variables of the specific welding procedure and
the test results. This document shall be certified by the
contractor, fabricator, or manufacturer and shall be
available for examination by the authorized inspec-
tor(s). A recommended form is given in Appendix E,
Form E(b).

5.13.4 Combination of Welding Procedures. More than
one procedure may be used in a single production joint,
provided each procedure used is qualified either sepa-
rately or in combination with the other procedure(s)
within the thickness limits specified in Tables 5.3, 5.4, or
5.5, as applicable, for each of the procedures.
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5.14 Limits of Qualified Positions
for Procedures

To reduce the number of welding procedure qualifica-
tions that may be required, qualification under certain
conditions also qualifies for other conditions as shown in
Table 5.2 and enumerated in the following paragraphs.

5.14.1 Procedure qualification on pipe shall also qualify
for plate, but not vice versa, except that qualification on
plate in the 1G (flat) position or 2G (horizontal) position
shall qualify for welding pipe over 24 in. (610 mm) in
diameter in the 1G (flat) or 1G and 2G horizontal posi-
tions, respectively.

5.14.2 Procedure qualification of pipe in the 5G (pipe
horizontal fixed) position qualifies the procedure for
flat, vertical and overhead position groove and fillet
welding of plate and pipe.

5.14.3 Procedure qualification of pipe in the 6G (inclined
fixed) position qualifies the procedure for all position
groove welding of plate and pipe, but does not qualify
the procedure for groove and fillet welding of T-, Y-and
K- connections,

5.14.4 Procedure qualification of T-, Y- and K-connec-
tions also qualifies the procedure for groove and fillet
welding in all positions of plate and pipe.

5.15 Preparation of Test Weldment —
Procedure Qualification

5.15.1 Base Metal and Filler Metal. The base metal(s)
and filler metal(s) shall be as listed in the WPS. The
dimensions of the test weldment shall be sufficient to
provide the required test specimens, The base metals
may be in the form of plate, pipe, tube, or other commer-
cial product forms as listed in the WPS.

5.15.2 Joint Preparation. The edge preparation of the
test weldment shall be as described in the WPS,

5.15.3 Cleaning Procedure. The test weldment shall be
cleaned by means of the cleaning procedure(s) described
in the WPS.

5.16 Limitation of Variables —
Procedure Qualification

Changes greater than the limits set below or where no
limits are given shall be considered essential changesina
WPS (see Appendix E) and shall require qualification of
the altered procedure.

(1) A change in the base metal from one M-number
group to another, as defined in 1.2.1

(2) A change in the filler metal from one F-number
group to another, as defined in 1.2.2

00|
AUS D1.2 90 EE 07842L5 0010577 L WA
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Table 5.2
Procedure Qualification — Type and Position Limitations (see 5.14)

Type of Weld and Position of Welding Qualified *

Qualification Test Plate Pipe
Plate or Pipe
Weld Positions** Gloove Fillet Groove Fillet
Plate-groove 1G 1G 1F IG (Note 1) IF (Note 1)
Complete joint penetration 2G 1G, 2G 1F, 2F 1G, 2G (Note 1)  IF, 2F (Note 1)
3G 1G, 3G IF, 3F
4G 1G, 4G IF, 4F
Plate-groove 1G 1G 1F 1G (Note 1) IF (Note 1)
Partial joint penetration 2G 2G 1F, 2F 1G, 2G (Note 1) IF, 2F (Note 1)
3G 3G 3F
4G 4G 4F
Plate-fillet IF 1F IF (Note 1)
2F 1F, 2F IF, 2F (Note 1)
3F 3F SF (Note 1)
4F 4F 4F (Note 1)
Pipe-groove 1G 1G 1F 1G IF
Complete joint penetration 2G 1G, 2G 1F, 2F 1G, 2G IF, 2F
5G 1G, 3G, 4G 1F, 2F, 3F 1G, 2G, 5G All
6G 1G, 2G, 3G, 4G All 1G, 2G, 5G, 6G All
6GR All All All (Note 2) All
Pipe-fillet IF IF 1F
2F, 2FR 1F, 2F 1F, 2F
4F 1F, 2F, 4F IF, 2F, 4F
SF All All

Notes:

1. Qualifies for welding pipe or tubing over 24 in, (610 mm) in diameter.
2. Qualifics for T-, Y-, and K-connections, and for complete joint penctration groove welds in all positions.

*Positions of welding: F = Flat, H = Horizontal, V = Vertical, OH = Overhead.

**See Figures 5.3, 5.4, 5.5 and 5.6.

(3) A change in the welding process

(4) A changeinthe nominal size of the diameter of the
filler of more than 1/64 in, (0.4 mm)

(5) Achange of more than 1= 15% in the arc voltage or
amperage

(6) A change of more than 25% above or below the
specified mean travel speed

(7) For heat treatable alloys (M23, M24, M26, and
M27), an increase of 100°F (55° C) in the specified pre-
heat or specified maximum interpass temperature

(8) The addition or deletion of filler metal

(9) The addition or deletion of consumable inserts or
a change in the method by which filler metal is added,
such as preplacing wire or buttering

(10) For a specified groove, a change of more than
25% in the number of passes. If the cross-sectional area
of the groove is changed, it is permissible to change the
number of passes in proportion to the area

Copyright by the American Welding Society Inc
Sat Jul 05 14:57:36 1997

(11) The addition of positions other than already
qualified
(12) A change from vertical up to vertical down and
vice versa
(13) A change of forehand to backhand technique.
Note restrictions of 4.13.1.5.
(14) For a change in groove type:
(a) A change in the type of groove (a change from
a V-groove to a U-groove, for example), except qual-
ification of a complete joint penetration groove weld
qualifies for any groove detail which complies with the
requirements of Appendix B
(b) A change in the type of groove to a square
groove or vice versa, or adecrease of 10° in the specified
groove angle
(15) A change from asingle shielding gas to any other
gas or to a mixture of gases or a change of 10% or more
in the specified percentage composition of the mixture
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(16) Anincrease of 50% or more or a decrease of 209
or more in the rate of flow of the shielding gas

(17) A change from AC to DC or vice versa; in DC
welding a change from electrode negative to electrode
positive or vice versa

(18) A change from conventional to pulsed type cur-
rent welding power supply, or vice versa

(19) For heat treatable alloys (M23, M24, M26, and
M27), a change from the stringer-bead technique to a
weave-bead technique, but not vice versa

(20) A change in the type of initial and interpass
cleaning (mechanical, chemical, etc.)

(21) A change from single electrode to multiple elec-
trode, or vice versa

(22) A change in the spacing of multiple electrodes

(23) The omission, but not inclusion, of backgouging

(24) A change in thickness beyond the limitations of
the “qualified range” as shown in Table 5.3, 5.4, or 5.5, as
applicable

(25) A change of more than 1/16 in. (1.6 mm) in the
root opening when backing is not used

(26) A change in backing material from aluminum to
another material, but not vice versa

5.17 Tests —Procedure Qualification

5.17.1 Thefollowing are required tests for groove welds.

(1) Visual examination for visual quality and dimen-
sions

(2) Macroetch test for soundness and weld size in
partial joint penetration groove welds

(3) Tension test for strength, except castings

(4) Bend test for soundness and ductility, except
castings.

(5) When welding castings- to other castings or
wrought materials the bend test for soundness and duc-
tility of groove welds and fillet welds shall be omitted,
and a macroetch test for weld soundness shall be
conducted.

5.17.2 The following are required tests for fillet welds,

(1) Visual examination for appearance and dimen-
sions

(2) Macroetch test for penetration

(3) Fracture test for soundness or root bend test for
soundness, except castings

5.17.3 Test Specimens: Number, Type and Preparation

5.17.3.1 The type and number of specimens that shall
be tested to qualify a welding procedure for complete
joint penetration groove welds on plate; pipe, or tubing
are shown in Table 5.3, together with the range of thick-
ness qualified for use in construction. The range is based
on the thickness of the plate, pipe or tubing used in
making the qualification.
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5.17.3.2 The type and number of specimens that shall
be tested to qualify a welding procedure for partial joint
penetration groove welds are shown in Table 5.4. A
sample weld shall be made using the type of groove
design and joint welding procedure to be used in con-
struction, except the depth of groove need not exceed
1in, (25 mm). If the partial joint penetration groove weld
is to be used for corner or T-joints, the butt joint shall
have a temporary restrictive plate in the plane of the
square face to simulate the T-joint configuration.

5.17.3.3 When a joint welding procedure has been
qualified for a complete joint penetration groove weld
and is applied as the welding procedure for a partial joint
penetration groove weld falling within the limitation of
variables, three macroetch specimens are required.

5.17.3.4 The type and number of specimens that shall
be tested to qualify a welding procedure for fillet welds
are shown in Table 5.5.

5.17.4 Location of Removal of Test Specimens for
Procedure Qualification. One sample weldment of suffi-
cient size to obtain the number of test specimens required
by Table 5.3, 5.4. or 5.5, as applicable, shall be prepared
in accordance with the welding procedure specification.

5.17.4.1 Test Specimens — Groove Welds — Plate.
The order of removal of test specimens shall conform to
Figure 5.20(A), 5.20(B) or 5.20(C). Complete joint
penetration groove welds made on plates 3/4 in. (19 mm)
or greater in thickness which are welded using two- side
welding techniques shall be tested using the test speci-
mens in Figure 5.20(B), Partial joint penetration groove
welds made on plates 3/8 in. (9.5 mm) or greater in
thickness shall be tested with the unfused side machined
off to the depth of the effective weld size. For base metals
and combinations of base and filler metals which differ
significantly in ductility, test specimen coupons as shown
in Figure 5.20(C) shall be used.

5.17.4.2 Partial Joint Penetration Groove Welds —
Plate or Pipe. The type and number of specimens that
shall be tested to qualify a welding procedure are shown
in Table 5.4. A sample weld shall be made using the type
of groove design and joint welding procedure to be used
in construction, except the depth of groove need not
exceed 1 in. (25 mm).

If the partial joint penetration groove weld is to be
used for corner or T-joints, the buit joints shall have a
temporary restrictive plate in the plane of the square face
to simulate the T-joint configuration. The sample weld
shall be tested as follows:

(1) When ajoint welding procedure has been quali-
fied for a complete joint penetration groove weld and is
applied to the welding conditions of a partial joint pene-
tration groove weld, three macroetch cross section test
specimens are required.

e
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Table 5.3

Qualification; Complete Joint Penetration Groove Welds (see 5.17.3.1)
(Dimensions in Inches)

Number and Type of Test Specimens and Range of Thickness Qualified — Procedure

1. Tests on Plate

Test Specimens Required
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Reduced
Number of Section Root Face Side
Plate Sample Tension Bend Bend Bend Plate
Thickness (T)  Welds per Visual (see Figure  (see Figures  (see Figures  (see Figure Thickness
Tested, in. Position Inspection 5.7) 5.12, 5.13) 5.12,5.13) 5.11) Qualified, in.
T<L1/8 1@ Yes 2 2 2 — Tto 2T
1/8<T<3/8 1 Yes 2 2 2 — T/2t02T
Over 3/8 and 1 Yes 2 — — 4 T/2t02T
under 1
1 and over 1 Yes 2 — — 4 T/2 to unlimited
2. Tests on Pipe or Tubing — Class I Structures (see 10.1.2)
Test Specimens Required Pipe or
Tubing Wall
Pipe or Tube Size Reduced Diameter  Thickness
of Samp]e Weld Number of SCCtl‘On Root Face Qualiﬁed, Qualiﬁed, .
Sample Macro- Tension Bend Bend in in -
Weld Diam., Wall,t,of Weldsper Visual etch (see Figures (see Figure (see Figure . . ;
Type in, Wrought, in. Position Inspection Test 5.8,59,5.10) 5.12) 5.12) Min Max Min Max
Wrought 6 1/8-3/8 1 Yes — 2 2 2 3/4 16 1/8 3/8
to through
Wrought 8
Cast to 3 3/16 1 Yes 2 — — — 2 16 1/8 1/2
Wrought through
or Cast 5
to Cast
3. Tests on Pipe or Tubing — Class II Structures (See 10.1,2)
Test Specimens Required Pipe or
Tubing Wall
Pipe Size of Redl{ced ) Diameter  Thickness
Sample Weld Number of Sectl.on Root Face Side Qualified,  Qualified,
— . Sample Tension Bend Bend Ben in. in
Wall Welds per  Visual (see Figures (see Figure (see Figure (see Figure
Diam, Thickness, T Position Inspection 5.8, 5.9) 5.12) 5.12) 5.11) Diam. Min Max
2 in, Sch. 80 2 Yes 2 2 2 — 3/4 1/8 /2
or through
3in, Sch. 40 4
6 in. Sch. 120 1 Yes 2 — — 4 4 0.187 Any
. or and
8 in, Sch, 80 over
(Continued)
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‘ Table 5.3 (Continued)
3. Tests on Pipe or Tubing — Class II Structures (See 10.1.2) (Continued)
Test Specimens Required Pipe or
N Tubing Wall
Pipe Size of Reduced . Diameter  Thickness
Sample Weld Number of Sectl.on Root Face Side Qualified, Qualified,
—— - Sample Tension Bend Bend Bend in in
Wall Welds per  Visual (see Figures (see Figure (see Figure (see Figure i i
Diam. Thickness, T Position Inspection 5.8,5.9,5.10) 5.12) 5.12) 5.11) Diam. Min Max
Job Size Pipe or Tubing
<24 in. T<1/8 1® Yes 2 2 2 — Testdiam. T 2T
& over
1/8<T<13/8in. 1@ Yes 2 2 2 — Test diam. 1/8 2T
& over
3/8<T<3/4in, 13 Yes 2 - — 4 Test diam. T/2 2T
& over
T=3/4in. 1@ Yes 2 — — 4 Test diam. 0.375 Any
& over
=24in. 1/8<T=<3/8in. 1 Yes 2 2 2 — Test diam. 1/8 2T
) & over
3/8<T<3/4in. 1 Yes 2 — — 4 24 & over T/2 2T
T=3/4in. 1 Yes 2 — — 4 24 & over 0.375 Any
Notes:

1. All welded test pipes or tubing shall be visually inspected (see 5.8).

(2) If a joint welding procedure is not covered by (1),
then a sample joint shall be prepared and a macroetch
test specimen made to determine the weld size. Then the
excess material is machined off the bottom side of the
joint to the thickness of the weld size.

Tension and bend specimens shall be prepared and
tests performed, as required for complete joint penetra-
tion groove welds.

5.17.4.3 Test Specimens — Groove Welds — Pipe.
The order of removal of test specimens shall conform to
Figure 5.21, 5.22, 5.23 or 5.24.

5.17.4.4 Test Specimens — Fillet Welds. The number
and type of test specimens that shall be tested to qualify a
welding procedure are shown in Table 5.5. The location
of test specimens shall conform to Figure 5.17, 5.18, or
5.19, and 5.11.1.

5.17.5 Preparation of Test Specimens. The test speci-
mens shall be prepared in accordance with section 5,
Part B.

5.17.6 TestProcedures. The required tests shall be con-
ducted in accordance with section 5, Part B.

5.17.7 Acceptance Criteria — Groove Welds

5.17.7.1 Visual examination shall be in accordance
with 5.8.2.

2. Adequate number of test welds per position must be made to obtain required test specimens.

5.17.7.2 Tensile test results shall be within limits of
5.9.3 (castings excluded).

5.17.7.3 Bend test results shall be. within limits of
5.10.3 (castings excluded).

5.17.7.4 Macroetch examination shall be conducted
in accordance with 5.8.1,2. Partial penetration groove
welds shall have the designated weld size. Complete joint
penetration groove welds in cast alloy shall exhibit
soundness throughout.

5.17.8 Acceptance Criteria — Fillet Welds

5.17.8.1 Visual examination shall be in accordance
with 5.8.3.

5.17.8.2 Fracture test results shall be within the limits
of 5.11.3, or fillet weld root bend test results shall be
within the limits of 5.10.3, except castings.

5.17.8.3 Macroetch examination in accordance with
5.8.1.2 shall exhibit complete penetration to the root of
the joint.

5.18 Retests

If any one specimen of all those tested fails to meet the
test requirements for qualification, two retests of that
particular type of test specimen may be performed with
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Table 5.3 .
Number and Type of Test Specimens and Range of Thickness Qualified — Procedure ‘ :
Qualification; Complete Joint Penetration Groove Welds (see 5.17.3.1)
(Dimensjons in Millimeters)

1. Tests on Plate

Test Specimens Required

Reduced
Number of Section Root Face Side
Plate Sample Tension Bend Bend Bend Plate
Thickness (T)  Welds per Visual (see Figure  (see Figures  (sec Figures  (see Figure Thickness
Tested, mm Position Inspection 57 5.12,5.13) 5.12,5.13) 5.10) Qualified, mm
T<32 1® Yes 2 2 2 — Tto2T
32=T=<95 1 Yes 2 2 2 — T/210 2T
Over 9.5 and 1 Yes 2 — — 4 T/2to 2T
under 1
1 and over 1 Yes 2 — — 4 T/2 to unlimited

2, Tests on Pipe or Tubing — Class I Structures (see 10,1.2)

Test Specimens Required Pipe or
Tubing Wall
Pipe or Tube Size Reduced Diameter  Thickness
of Sample Weld Number of Sectl'on Root Face Qualified, Qualified,
Sample Macro- Tension Bend Bend mm mm
Weld  Diam, Wall,t,of Weldsper Visual etch (see Figures (see Figure (see Figure
Type mm  Wrought, mm Position Inspection Test 5.8,5.9,510) 5.12) 5.12) Min Max Min Max
Wrought 150 32-95 1 Yes — 2 2 2 19 410 32 95
to through
Wrought 200
Cast to 75 4.8 1 Yes 2 — — — S0 410 32 127
Wrought through
or Cast 130
to Cast
3. Tests on Pipe or Tubing — Class II Structures (See 10.1.2)
Test Specimens Required Pipe or
Tubing Wall
Pipe Size of Reduced . Diameter  Thickness
Sample Weld Number of Sectl.on Root Face Side Qualified,  Qualified,
—————— Sample Tension Bend Bend Bend mm mm
Wall Welds per  Visual (see Figures (see Figure (see Figure (see Figure
Diam, Thickness, T Position Inspection 5.8, 5.9) 5.12) 5.12) 5.11) Diam. Min Max
50 Sch. 80 2 Yes 2 2 2 — 19 32 127
or through
75 Sch, 40 100
150 Sch. 120 1 Yes 2 — — 4 100 48 Any
or and
200 Sch, 80 over
(Continued)
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Table 5.3 (Continued) [Metric Version]

3. Tests on Pipe or Tubing — Class II Structures (See 10.1.2) (Continued)

Test Specimens Required Pipe or
Tubing Wall
Pipe Size of Redu.ced . Diameter Thickness
Sample Weld Number of Sectl.on Root Face Side Qualified, Qualified,
_ Sample Tension Bend Bend Bend mm mm
Wall Welds per  Visual (see Figures (see Figure (see Figure (see Figure
Diam. Thickness, T Position Inspection 5.8,5.9,5.10)  5.12) 5.12) 5.11) Diam. Min Max
Job Size Pipe or Tubing
<610mm  T<32mm 1@ Yes 2 2 2 — Testdiam. T 2T
& over
32<T=<95mm - 1@ Yes 2 2 2 — Test diam. 3.2 2T
& over
95<T<190mm 19 Yes 2 — — 4 Test diam. T/2 2T
& over
T=19.0 mm 1@ Yes 2 —_ — 4 Test diam. 9.5 Any
& over
Z610mm 32=T<95mm 1 Yes 2 2 2 — Test diam, 3.2 2T
& over
9.5<T<19.0 mm 1 Yes 2 — — 4 610 & over T/2 2T
T=19.0 mm 1 Yes 2 — — 4 610 & over 9.5 Any

Notes:
1. All welded test pipes or tubing shail be visually inspected (see 5.8).

2, Adequate number of test welds per position must be made to obtain required test specimens,

Table 5.4
Number and Type of Test Specimens and Range of Thickness Qualified — Procedure
Qualification; Parlial Joint Penetration Groove Welds (see 5.17.3.2)

Test Specimens Required !

Tension and Bend Test

Reduced
Macroetch Section Tension Side Bend
Groove Number of for Weld (see Figures (see Figure Plate Thickness

Groove Type Depth, Max Sample Welds Size (E) 5.7,5.8) 5.11) Qualified, Max

Same as tin, 1 3 2 4 Unlimited

used in (25 mm)
construction?®
Notes:

1. All welded test plates shall be visually inspected,

2. If a partial joint penetration bevel- or J-groove weld is to be used for T-joints or a double-bevel- or double-J-groove weld is to be used for corner
joints, the butt joint shall have a temporary restrictive plate in the plane of the square face to simulate a T-joint configuration.
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Table 5.5

Qualification; Fillet Welds (see 5.17.4.4)

Number and Type of Test Specimens and Range of Thickness Qualified — Procedure

L]
Test Specimens Required

Number of Fracture Test  Root Bend Sizes Qualified
Test Welds per (see Figures  (see Figure Plate Fillet
Specimen Fillet Size Procedure Macroetch 5.17,5.18) 5.12) Thickness Size

1. Tests on Plate

Fillet Weld Single pass, 1 in each 2 faces 2 — Unlimited Max tested

Test Option 1 max size to position to single pass

(see Figure be used in be used and smaller

517 construction
Multiple pass, I ineach 2 faces 2 — Unlimited Min tested
min size to position to multiple pass
be used in be used and larger
construction

Fillet Weld Max size to 1in each — — 2 Unlimited All

Test Option2  be used in position to

(see Figure construction be used

5.19)

2. Tests on Pipe and Tubing

Fillet Weld Single pass, 1in each 4 or more — Unlimited Max tested

Test — Pipe max size to position to single pass

Option 1 be used in be used and smaller

(see Figure construction

5.18) ; ) . -
Multiple pass, 1ineach 4 or more — Unlimited Min tested
min size to position to multiple pass
be used in be used and larger
construction
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Note: All welded test specimens shall be visually inspected (see 5.8).
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’ DISCARD THIS PIECE
REDUCED-SECTIO

ROOT-BEND SPECIMEN

FACE-BEND SPECIMEN 15 MIN
iy —— g 20 MIN
ROOT-BE!
FACE-BEND SPECIMEN
REDUCED-SECTION TENSION SPECIMEN
DISCARD THIS PIECE - 10 MIN 10 MIN
7 MIN < 7 MIN
[ AL 1
S <
THE GROOVE CONFIGURATION SHOWN IS FOR ILLUSTRATION THE GROOVE CONFIGURATION SHOWN IS FOR ILLUSTRATION
ONLY. THE GROOVE SHAPE USED SHALL CONFORM TO THAT ONLY. THE GROOVE SHAPE USED SHALL CONFORM TO THAT
BEING QUALIFIED, BEING QUALIFIED.
| (A) PLATES THROUGH 3/8 in.— PROCEDURE QUALIFICATION (B} PLATES OVER 3/8 in.—PROCEDURE QUALIFICATION
‘ DISCARD THIS PIECE
S S e
n mm g
3/8 95 SMIN | O
a
2 50 R 2
6 150 2._M—|N ===
7 180 a
eMIN |S
10 255 3
a
15 380 OMN—f=— ===
20 510 2
6MIN | &
30 760 @
[=1
J— o=
{ i 2MIN |  REDUCED-SECT
THE GROOVE CONFIGURATION SHOWN IS FOR ILLUSTRATION | a
ONLY. THE GROOVE SHAPE USED SHALL CONFORM TO THAT sMIN | <
BEING QUALIFIED. @
J_ a
B DISCARD THIS PIECE
I
—— 10 MIN { 10 MIN
' {C) PLATES — LONGITUDINAL BEND TEST SPECIMENS

Figure 5.20 — Location of Test Specimens for Procedure Qualification — Plate (see 5.17.4.1)
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TOP OF PIPE FOR
5G AND 6G POSITIONS

TOP OF PIPE FOR TOP OF PIPE FOR

5G AND 6G POSITIONS 5G AND 6G POSITIONS TENSION

FACE BEND FACE BEND SIDE BEND

SIDE BEND

ROOT BEND SIDE BEND
ROOT BEND SIDE BEND
TENSION SPECIMENS BEND SPECIMENS TENSION
DETAIL A—3 in. (76 mm) OR LESS IN DIAMETER DETAIL B—GREATER THAN 3 in. (76 mm) IN DIAMETER

Figure 5.21 — Location of Test Specimens on Welded Test Pipe (see 5.17.4.3)

TOP OF TUBING
5G AND 8G POSITIONS

TENSION FACE OR SIDE BEND

FACE OR SIDE BEND ROOT OR SIDE BEND

ROOT OR SIDE BEND TENSION

Figure 5.22 — Location of Test Specimens for Square and Rectangular Tubing (see 5.17.4.3)
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& REDUCED SECTION
e TENSILE

FACE BEND

N\

HORIZONTAL PLANE
(WHEN PIPE IS-WELDED

IN HORIZONTAL FIXED POSITION)
7/

/

FACE BEND ROOT BEND

REDUCED SECTION
TENSILE

Figure 5.23 — Location of Test Specimens for Job Size Pipe or Tubing
1/16 in. (1.6 mm) through 3/8 in (9./5 mm) Wall Thickness (see 5.17.4.3)

o —" REDUCED SECTION
8%~ /— TENSILE
SIDE BEND SIDE BEND
]
\\ /
HORIZONTAL PLANE
{WHEN PIPE IS WELDED
IN HORIZONTAL FIXED
POSITION)
Vs AN
SIDE BEND SIDE BEND

\_ REDUCED SECTION
. TENSILE

Figure 5.24 — Location of Test Specimens for Job Size Pipe or Tubing
Over 3/8 in. (9.5 mm) Wall Thickness (see 5.17.4.3)
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specimens cut from the same test weldment, or from an
additional weldment made from the procedure qualifica-
tion, material, and WPS. Both of the retest specimens
shall meet the test requirements for the procedure to be
qualified,

Part D
Performance Qualification

5.19 General

Note: Welders, welding operators, and tack welders
should demonstrate a knowledge of safe practices and
the particular hazards of the welding process and the
procedures to be used in construction.

The qualification tests described in Part D are specially
devised to determine the ability of a welder, welding
operator, or tack welder to produce sound welds in
accordance with the specified welding procedure, These
qualification tests are not intended as a guide for select-
ing the procedure to be used for welding during construc-
tion. The test welds shall be made in accordance with the
requirements for the Welding Procedure Specification.

5.19.1 Definitions. For purposes of this code the follow-
ing shall apply:

(I) A welder is a person who uses a manual or semi-
automatic process.

(2) A welding operator is a person who operates
automated equipment, but has a degree of control over
setting the values of the welding conditions. The welding
operator may also provide manual guidance to the
equipment along a weld joint.

(3) Atack welder is a person who, under the direction
of a fitter, or as a fitter, tack welds an assembly in order
to hold the parts together until the final welds are made.

5.19.2 Identification of Welders, Welding Operators,

“and Tack Welders. Each qualified welder, welding
operator and tack welder shall be assigned an identifying
number, letter or symbol by the contractor, fabricator,
or manufacturer, which shall be used to identify the work
of that person.

5.19.3 Record of Tests. The essential variables of the
weld procedure specification (WPS) and the test results
obtained by each welder, welding operator, or tack
welder shall be recorded on a Record of Performance
Qualification Tests. A suggested form for these records is
given in Appendix E, Form E(c).

5.19.4 Special Positions. A contractor, fabricator, or
manufacturer who does production welding in a special
orientation may make the tests for performance qualifi-
cation in this specific orientation. Such qualifications are
valid only for the positions actually tested, except that an
angular deviation of - 15° is permitted in the inclination
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of the weld axis and the rotation of the weld face, as
defined in Figure 5.1 or 5.2.

5.19.5 A welder, welding operator, or tack welder who
satisfactorily completes a test weldment that meets the
criteria for Procedure Qualification in Part C of this
section shall be considered qualified to weld joints within
the type and position limitations for the qualification test
weld set forth in Table 5.2 and subject to the limitation of
variables for welders, welding operators, or tack welders
in 5.22, 5.23, or 5.24, as applicable.

5.20 Limits of Qualified Positions
for Performance

5.20.1 To reduce the number of welding performance
qualifications that may be required, qualification under
certain conditions also qualifies for other conditions as
shown in Table 5.6 and enumerated in the following
paragraphs:

5.20.2 Groove Welds — Plate

5.20.2.1 Qualification in the 1G (flat) position quali-
fies for flat position groove welding of plate, flat position
and horizontal position fillet welding of plate, horizontal
rotated (IG) position groove welding of pipe, and
inclined rotated (1F) position and horizontal rotated
(2FR) position fillet welding of pipe.

5.20.2.2 Qualification in the 2G (horizontal) position
qualifies for flat position and horizontal position groove
welding of plate, flat position and horizontal position
fillet welding of plate, horizontal rotated position groove
welding of pipe, and inclined rotated (1F) position and
horizontal rotated (2FR) position fillet welding of pipe.

5.20.2.3 Qualification in the 3G (vertical) position
qualifies for flat position and vertical position groove
welding of plate; flat position, horizontal position and
vertical position fillet welding of plate; horizontal rotated
position groove welding of pipe; and inclined rotated
(1F) position and horizontal rotated (2FR) position fillet
welding of pipe.

5.20.2.4 Qualification in the 4G (overhead) position
qualifies for flat position and overhead position groove
welding of plate; flat position, horizontal position and
overhead position fillet welding of plate; horizontal
rotated position groove welding of pipe; and inclined
rotated (1F) position and horizontal rotated (2FR) posi-
tion fillet welding of pipe.

5.20.2.5 Qualification in both the 3G (vertical) and
4G (overhead) positions qualifies for all position groove
welding of plate, all position fillet welding of plate, hori-
zontal rotated position groove welding of pipe, and
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Table 5.6
Welder Performance Qualification — Type of Weld and Position Limitations (see 5.20.1)

Type of Weld and Position of Welding Qualified

Qualification Test Plate Pipe
Plate or Pipe
Weld Positions* Groove Fillet Groove Fillet
Plate-groove 1G 1G 1F, 2F 1G 1F, 2FR
2G 1G, 2G 1F, 2F 1G 1F, 2FR
3G 1G, 3G 1F, 2F, 3F 1G 1F, 2FR
4G 1G, 4G 1F, 2F, 4F (¢ 1F, 2FR
3G and 4G All All 1G 1F, 2FR
Plate-fillet IF IF IF
2F 1F, 2F 1IF, 2FR
3F 1F, 2F, 3F IF, 2FR
4F 1F, 2F, 4F 1F, 2FR
3F and 4F All 1F, 2FR.
Pipe-groove 1G 1G 1F, 2F I1G 1F, 2FR
2G 1G, 2G 1F, 2F 1G, 2G 1F, 2F, 2FR
5G 1G, 2G, 4G (Note 1) 1G, 5G (Note 1)
6G (Note 1) (Note 1) (Note 1) (Note 1)
2G and 5G (Note 1) (Note 1) (Note 1) (Note 1)
6GR All All All All
Pipe-fillet 1F IF IF
2F 1F, 2F IF, 2F, 2FR
2FR 1F, 2F 1F, 2FR
4F IF, 2F, 4F IF, 2F, 4F, 2FR
SF All All

Note 1. Qualifies all positions except for T-, Y-, and K-connections.
*See Figures 5.1, 5.2, 5.3, 5.4, 5.5, and 5.6.

inclined rotated (1F) position and horizontal rotated
(2FR) position fillet welding of pipe.

5.20.2.6 Qualification on a groove weld test plate in
the 1G (flat) or 2G (horizontal) position shall also qualify
for groove welding pipe with a backing in the same
position qualified.

5.20.3 Fillet Welds — Plate

5.20.3.1 Qualification in the 1F (flat) position quali-
fies for flat position fillet welding of plate, and inclined
rotated (1F) position fillet welding of pipe.

5.20.3.2 Qualification in the 2F (horizontal) position
qualifies for flat position and horizontal position fillet
welding of plate, and inclined rotated (1F) position and
horizontal rotated position fillet welding of pipe.

5.20.3.3 Qualification in the 3F (vertical) position
qualifies for flat position, horizontal position and ver-
tical position fillet welding of plate, and inclined rotated
(1F) position and horizontal rotated (2FR) position fillet
welding of pipe.
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5.20.3.4 Qualification in the 4F (overhead) position
qualifies for flat position, horizontal position, and over-
head position fillet welding of plate, and inclined rotated
(1F) position and horizontal rotated (2FR) position fillet
welding of pipe.

5.20.3.5 Qualification in both the 3F (vertical) and
4F (overhead) positions qualifies for all position fillet
welding of plate, and inclined rotated (1F) position and
horizontal rotated (2FR) position fillet welding of pipe.

5.20.4 Groove Welds — Pipe

5.20.4.1 Qualification in the 1G (pipe axis horizontal,
rotated) position qualifies for flat position groove weld-
ing of plate, flat position and horizontal position fillet
welding of plate, horizontal rotated (1G) position groove
welding of pipe, and inclined rotated (1F) position and
horizontal rotated (2FR) position fillet welding of pipe.

5.20.4.2 Qualification in the 2G (pipe axis vertical,
fixed) position qualifies for flat position and horizontal
position groove welding of plate, flat position and hori-
zontal position fillet welding of plate, horizontal rotated
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(1G) position and vertical fixed (2G) position groove
welding of pipe, and inclined rotated (1F) position,
horizontal fixed (2F) position, and horizontal rotated
(2FR) position fillet welding of pipe,

5.20.4.3 Qualification in the 5G (pipe axis horizontal,
fixed) position qualifies for flat position, vertical posi-
tion and overhead position groove welding of plate; all
positions fillet welding of plate; horizontal rotated (1G)
position and horizontal fixed (5G) position groove weld-
ing of pipe; and all position fillet welding of pipe.

5,20.4.4 Qualification in the 6G (pipe axis inclined,
fixed) position qualifies for all position fillet welding of
plate and pipe and all position groove welding of plate
and pipe, except for T-, Y-, and K-connections.

5.20.4.5 Qualification in the 6GR (restricted, pipe
axis inclined, fixed) position qualifies for groove welding
of T-, Y-, and K-connections and groove and fillet weld-
ing of plate and pipe in all positions.

5.20.4.6 Qualification on the groove weld pipe test
shall also qualify for groove welding square or rectan-
gular tubes equal to or less than the thickness of the test
pipe welded.

5.20.5 Fillet Welds — Pipe

5.20.5.1 Qualification in the IF (pipe axis inclined,
rotated) position qualifies for flat position fillet welding
of plate and inclined rotated (1F) position fillet welding
of pipe.

5.20.5.2 Qualification in the 2F (pipe axis vertical,
fixed) position qualifies for flat position and horizontal
position fillet welding of plate, and inclined rotated (1F)
position, horizontal fixed (2F) position, and horizontal
rotated (2FR) position fillet welding of pipe.

5.20.5.3 Qualification in the 2FR (pipe axis horizon-
tal, rotated) position qualifies for flat position and
horizontal position fillet welding of plate, and inclined
rotated (2F) position and horizontal rotated (2FR) posi-
tion fillet welding of pipe.

5.20.5.4 Qualification in the 4F (pipe axis vertical,
fixed) position qualifies for flat position, horizontal posi-
tion, and overhead position fillet welding of plate; and
inclined rotated (1F) position, horizontal fixed (2F) posi-
tion, horizontal rotated (2FR) position, and overhead
fixed (4F) position fillet welding of pipe.

5,20.5.5 Qualification in the SF (pipe axis horizontal,
fixed) position qualifies for all position fillet welding of
plate, pipe, and tubing,

5.21 Preparation of Test Weldments —
Performance Qualification

When performance qualification is done in accord-
ance with a WPS that requires postweld heat treatment,
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the postweld heat treatment may be omitted. Each
welder, welding operator, or tack welder who welds
under the rules of this Code shall have passed one or
more tests as follows:

5.21.1 Groove Weld Qualification Test for Plate of
Unlimited Thickness. For qualification (Option I) in
any position, the joint detail shall be as follows: 1 in.
(25.4 mm) plate, single V-groove, 60° included angle,
3/8 in. (10 mm) root opening with backing (see Figure
5.25). For horizontal position qualification only (Option
2), the joint detail may, at the contractor’s option, be as
follows: single-bevel groove, 60° groove angle, 3/8 in.
(10 mm) root opening with backing (see Figure 5.26).
Backing shall be at least 3/8 in. (9.5 mm) by 2 in.
(50 mm). Minimum length of welding groove shall be
5 in. (130 mm).

5.21.2 Groove Weld Plate Qualification Test for Plate
of Limited Thickness. For qualification (Option 1) in
any position, the joint detail shall be as follows: 3/8 in.
(9.5 mm) plate, single V-groove, 60° included angle,
3/8 in. (10 mm) root opening with backing (see Figure
5.27). For horizontal position qualification only (Option
2), the joint detail may, at the contractor’s option, be as
follows: single-bevel groove, 60° groove angle, 3/8 in,
(10 mm) root opening with backing (see Figure 5.28).
Backing shall be at least 3/8 in. by 2 in. (9.5 mm X
50 mm). Minimum length of welding groove shall be 5 in.
(130 mm).

5.21.3 Groove Weld Qualification Test for Pipe. The
joint detail shall be (1) that shown in the qualified weld-
ing procedure specification for a single-welded pipe
groove weld, or (2) pipe diameter and wall thickness as
required, single V-groove, 60° included angle, 1/16 in.
(1.6 mm) maximum root face and root opening without
backing strip (see Figure 5.29 or 5.30), or (3) single
V-groove, 60° included angle and suitable root face and
root opening with backing (see Figure 5.31).

5.21.4 Groove Weld Qualification Test for T-, K-, or
Y-Connections on Pipe or Tube. The joint detail (see
Figure 5.32) shall be as follows: single-bevel, 60° mini-
mum groove angle with bevel on pipe or tube at least
1/4 in. (6.4 mm) in thickness; the square edge pipe or
tube shall be at least 3/16 in. (4.8 mm) thicker than the
beveled pipe; 1/16 in. (1.6 mm) maximum root face and
1/16 in. root opening. A restriction ring shall be placed
on the thicker material, within 1/2 in. (13 mm) of the
joint and shall extend at least 6 in. (150 mm) beyond the
surface of the pipe.

5.21.5 Fillet Weld Qualification Test for Plate and Pipe
Only or Tack Welder Qualification. For fillet weld qual-
ification only: (1) for fillet welds between parts having a
dihedral angle (%) of 75° or less, the welder shall weld a
groove weld test plate as required by 5.21.1 or 5.21.2, and
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SIDE-BEND
SIDE-BEND SPECIMEN
SPECIMEN -

in mm
3/8 10
1 25
5 130
6 150

Note: When radiography is used for testing, no tack welds shall be in the test area.

Figure 5.25 — Test Plate for Unlimited Thickness —
Performance Qualification — Option 1 — All Positions (see 5.21.1)

W</
45°
60°
6 MIN 16°
3/8
N SIDE-BEND
\ SPECIMEN :
in. mm
3/8 10
1 25
SIDE-BEND b 130
SPECIMEN
Note: When radiography is used for testing, no tack welds shall 6 150
. be in the test area.

Figure 5.26 — Test Plate for Unlimited Thickness —
Option 2 — Horizontal Position Only (see 5.21.1.1)

Copyright by the American Welding Society Inc
Sat Jul 05 14:57:36 1997



AUS D1.2 90 WM 07842kL5 0010592 2 M
66/ Qualification of Procedures and Personnel

ROOT-BEND

FACE-BEND Tl SPECIMEN §
3/8 SPECIMEN “ .
~ ~
™

150

180

Note: When radiography is used for testing, no tack welds shall be in the test area.

Figure 5.27 — Test Plate for Limited Thickness —
All Positions — Performance Qualification (see 5.21.2)

S TN/ %ii

15° l
6 MIN
1/16in.(1.6mm)MAX—| L 1/16in.
7 {1.6 mm) MAX
38 | : | Figure 5.29 — Tubular Groove Weld —

: . Performance Qualification — Without

: ' Backing (see 5.21.3)

| ROOT-BEND
\\ ! 1 | specimEN

. |
¥y
f"'

7_f

3 o
/8\' 1 ! \<60 7/
FACE-BEND

SPECIMEN < \_I_/_L Ir
Note: When radiography is used for testing, no tack welds shall L._ L(ll.'/éi:; B 2/43;::)
be in the test area, 3/16in ' ’

(5 mm)
Figure 5.28 — Optional Test Plate for
Limited Thickness — Horizontal Figure 5.30 — Tubular Groove Weld —
Position — Performance Qualification Performance Qualification — Without Backing
(see 5.21.2) (Alternative to Figure 5.29) (see 5.21.3)
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ROOT FACE

ROOT OPENINGj ':

Figure 5.31 = Tubular Groove Weld —
Performance Qualification With Backing
(see 5.21.3)

(2) for joints having a dihedral angle (¥) greater than
75°, but not exceeding 135°, the welder shall prepare a
weldment according to Option I or Option 2 depending
on the contractor’s choice, as follows:

5.21.5.1 Option 1. Plate and Pipe—Weld a fillet
weld soundness test weldment in accordance with Figure
5.33.

5.21.5.2 Option 2. Plate Only—Weld a soundness
test plate in accordance with Figure 5.19.
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5.22 Limitation of Variables — Welder
Performance Qualification

For the qualification of a welder, the following rules
shall apply:

5.22.1 Qualification established with any one of the
aluminum alloys permitted by this code shall be consid-
ered as qualification to weld or tack weld any of the other
aluminum alloys with the process used in the qualifica-
tion test.

5.22.2 A welder shall be qualified for each welding
process used.

5.22.3 Qualification established with an approved filler
metal and shielding gas combination shall be considered
as qualification to weld or tack weld with any other
approved filler metal with the shielding gas and the
process used in the qualification test. :

5224 A change in the position in which wélding is
performed as defined in 5.6 and outside the limitations of
Table 5.6 shall require requalification.

5.22.5 A change from one diameter-wall pipe grouping
shown in Table 5.7 to another shall require requali-
fication.

T+3/16 MIN\>/

\< RESTRICTION RING

1/2 MAX

60° MIN 3

3/16 MIN 4 N—/
T
e

T+3/16 MIN -

1/16 1.6

3/16 b

172 13

a\'¢

150

1/2 MAX

Figure 5.32 — Test Joint for T-, Y-, and K-Connections on Pipe or Square
or Rectangular Tubing — Performance Qualification (see 5.21.4)
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in. mm

5/16 8

1/2 12,7
1 25
4 100 1 /
6 150
8 | 200 /
6

7 |~ DiscaRD

FILLET WELD
BREAK SPECIMEN CUTLINE
rd 5/16
FILLET WELD

STOP AND

RESTART
WELDING NEAR
CENTER

CUTLINE

MACROETCH
SPECIMEN (ETCH
INTERIOR FACE)

Note: Plate thickness and dimensions are minimum.

Figure 5.33 — Test Weldment for Fillet Welds
Only — Performance Qualification — Option 1
(see 5.21.5.1)

5,22.6 When the plate is in the 3G or 3F vertical posi-
tion, or the pipe is in the 5G, 6G or 6GR position, a
change in the direction of vertical welding shall require
requalification.

5.22.7 The omission of backing material in complete
joint™ penetration welds welded from one side shall
require requalification,

5.23 Limitation of Variables —
Welding Operator Performance
Qualification

For the qualification of a welding operator, the follow-
ing rules shall apply:

5.23.1 Qualification established with any one of the
aluminum alloys permitted by this Code shall be consid-
ered as qualification to weld any of the other aluminum
alloys with the process used in the qualification test.
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5.23.2 Qualification established with an approved filler
metal and shielding gas combination shall be considered
qualification to weld with any other approved filler
metal and shielding gas combination with the process
used in the qualification test.

5.23.3 A welding operator qualified to weld with multi-
ple electrodes is considered qualified to weld with a single
electrode, but not vice versa.

5.23.4 A change in the position in which welding is
performed, as defined in 5.6, shall require requalification.

5.23.5 A welding operator shall be qualified for each
process used.

5.24 Limitation of Variables —
Tack Welder Performance
Qualification

For the qualification of a tack welder, the following
rules shall apply:

5.24.1 Qualification established with any one of the
aluminum alloys permitted by this code shall be consid-
ered as qualification to tack weld any of the other alumi-
num alloys with the process used in the qualification test.

5.24.2 Qualification as a tack welder shall qualify as a
welder of fillet welds in the position qualified as defined
in5.3.

5.24.3 Qualification established with an approved filler
metal and shielding gas combination shall be considered
qualification to tack weld with any other approved filler
metal and shielding gas combination for the process used
in the qualification test.

5.24.4 A tack welder shall be qualified for each process
used.

5.24.5 A change in the position in which tack welding
is performed, as defined in 5.6, shall require requali-
fication.

5.25 Tests — Performance Qualification
5.25.1 Required Tests — Groove Welds

(1) Visual examination for appearance and dimen-
sions.

(2) Bend test for soundness and ductility (except cast-
ings), or radiographic examination.

(3) When welding a casting to other castings or
wrought materials, the bend test for soundness and duc-
tility of groove welds and fillet welds shall be omitted,
and a macroetch test for soundness shall be conducted.
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4 ~

FACE
BEND

PIPE WALL 3/8 in. (9.5 mm) AND UNDER

ROOT BEND

PIPE WALL OVER 3/8 in. (9.5 mm)

SPECIMENS FOR 1G AND 2G POSITIONS

TOP OF PIPE FOR 5G
AND 6G POSITIONS

45—

45°

FACE BEND

TOP OF PIPE FOR bG
AND 6G POSITIONS

TOP OF TUBE FOR 5G
AND 6G POSITIONS

FACE OR
SIDE-BEND

SIDE BEND (

ROOT OR
SIDE BEND

ROOT BEND

PIPE WALL 3/8 in. (9.5 mm) AND UNDER

PIPE WALL OVER 3/8 in. (9.6 mm)

FACE OR
SIDE BEND

SIDE BEND
\.

ROOT OR SIDE BEND

SPECIMENS FOR 5G AND 6G POSITIONS

Figure 5.34 — Location of Test-Specimen on Welded Test Pipe and Square
and Rectangular Tubing — Performance Qualification (see 5.25.4)

5.25.2 Required Tests — Fillet Welds

(1) Visual examination for appearance and dimen-
sions and macroetch test.

(2) Fracture test (Option 1) for soundness (see Figure
5.33), or root bend test (Option 2) for soundness (see
Figure 5.19).

(3) Macroetch test for soundness of welded castings.

5.25.3 Test Specimens: Number, Type, and Prepara-
tion. The type and number of test specimens that shall
be tested to qualify a welder, welding operator, or tack
welder are shown in Table 5.7 together with the range of
material thicknesses that are qualified-for use in con-
struction in relation to the thickness of the test material
used in making the qualification. Radiographic examina-
tion of the groove-weld test assembly may be used at the
contractor’s option in lien of mechanical testing,
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5.25.4 Location of Test Specimens for Performance
Qualification. One sample weldment shall be made for
the type of weld qualification being tested. Test size of
the sample weldment and location of the test specimens
to be removed shall be in accordance with the figures
associated with the type of weldment being tested (see
Figures 5.25 through 5.33). The removal of test speci-
mens from pipe shall be as shown in Figure 5.34.

5.25.5 Preparation of Test Specimens. The test speci-
mens shall be prepared in accordance with section 5,
Part B,

5.25.6 Test Procedures

5.25.6.1 Bend tests shall be made as described in
5.10.2.

5.25.6.2 Fillet Weld Fracture Test. The entire length
of the fillet weld shall be examined visually; then the

—
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Table 5.7 ;
Number and Type of Test Specimens and Range of Thickness Qualified — ' :
Welder and Welding Operator Qualification (see 5.25.3)
‘ (Dimensions in Inches)

1. Test on Plate

Number of Specimens

Thickness (T)

Bend Tests* Plate Thickness
of Test Plate , All Positions . Qualified, in.
Type of as Welded, Visual Fillet Weld ~ Macroetch =~ "'~ "
Weld in. Inspection Face Root Side Fracture Test Min  Max!
Groove <3/8 Yes 1 1 — — — T 2T
Groove 3/8 Yes 1 | — — — 1/8 2T
Groove Over 3/8 and Yes — — 2 — — 1/8 2T
under |
Groove 1 or over Yes — — 2 — — 1/8, unlimited
Fillet Option 1! 1/2 Yes — — — 1 1 Unlimited
Fillet Option 22 3/8 Yes — 2 — — — Unlimited
Notes:
1. Sce Figure 5.33.
2. See Figure 5.19.
3. Also qualifies for welding fillet welds on material of unlimited thickness.
* Radiographic examination of the welder or welding operator test plate may be made in lieu of the bend test. (See 5.7.3) .
2. Tests on Pipe or Tubing — Class I Structures*
Pipe or
Pipe or Tube Size Tubing Wall
of Sample Weld Test Specimens Required Diameter Thickness
——————— Number of Qualified Qualified
Nominal Wall,t,of Sample Root Bend Face Bend
Material Pipe Size, Wrought, Welds per  Visual Macroetch (see Figure (sce Figure Min Max Min Max
Type in, in. Position Inspection  Test 5.12) 5.12) in. in. in. in.
Wrought 6 1/8-3/8 1 Yes — 2 2 3/4 16 /8  3/8
to through
Wrought 8
Cast to 3 3/16 1 Yes 2 — — 2 16 1/8 1/2
Wrought  through
or Cast 5

to Cast

*Class I structures: refer to 10.1.2 for definition of Class I structures.

(Continued)
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Table 5.7 (Continued)
. (Dimensions in Inches)

3, Tests on Pipe — Class II Structures*

Number of Specimens

Pipe or Tubing All Positions Except 5G and 6G Pipe or Tube
Size as Welded 5G and 6G Positions Only ) Wall Thickness
, . X X Pipe or Qualified, in.
Type of Nominal Wall Visual Face Root Side Face Root Side Tube Size —_—
Weld  Pipe Size Thickness Inspection Bend Bend Bend Bend Bend Bend Qualified,in.  Min Max!
Groave 2in, Sch. 80 Yes 1 1 — 2 2 — 4 or 0.063  0.674!
or smaller
3in. Sch. 40
Groove 6 in. Sch. 120 Yes — — 2 — — 4 Larger 0.187 Unlimited!
or than 4
8 in, Sch. 80
Groove See Figure 5.32 Yes _ - - = = 4 All Unlimited!

* Class II structures: refer to 10.1.2 for definition of Class I structures.

4. Tests on Job Size Pipe or Tubing

Number of Specimens (See Note)

Pipe or Tubing
Size as Welded All Positions Except 5G and 6G Pipe or Tube
5G and 6G Positions Only . ‘Wall Thickness
oy Wall , , : Pipe or Qualified, in.
Type of Nominal Thickness, Visual Face Root Side Face Root Side Tube Size —_—_—
. Weld  Pipe Size T Inspection Bend Bend Bend Bend Bend Bend Qualified, in. Min Max!
Groove <4in. Any Yes 1 1 — 2 2 —  4orsmaller 0.0632 0.674!
Groove >4in, Any Yes — — 2 — — 4 1/2 test diam. 0.187 Unlimited
or 4 min3
through
unlimited (for
maximum size
qualified)
Filled Weld
Fracture Test Macroetch Test
Fillet 2in, Sch. 120 Yes 2 2 All Unlimited !
Option 1 or
Jin. Sch. 40

Note: Radiographic examination of the welder or welding operator test pipe may be made in lieu of the bend test. (See 5.7.3)
1. Also qualifies for welding fillet welds on materiat of unlimited thickness.
|| 2 IT<0.063, minimum wall thickness qualified shall be T and maximum qualified shail be 2T.

3. Minimum pipe size qualified shall not be less than 4 in. or d/2, whichever is greater, where d is diameter of test pipe.
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Table 5.7
Number and Type of Test Specimens and Range of Thickness Qualified — ' : '
Welder and Welding Operator Qualification (see 5.25.3)
(Dimensions in Millimeters)

1. Test on Plate

Number of Specimens

Thick
ickness (T) Bend Tests* Plate Thickness
of Test Plate All Positions Qualified, mm
Type of as Welded, Visual Fillet Weld  Macroetch =~ "7~
Weld mm Inspection Face Root Side Fracture Test Min Max!
Groove <9.5 Yes 1 1 — — — T 2T
Groove 9.5 Yes 1 1 — — — 3.2 2T
Groove Over 9.5 and Yes — — 2 — — 32 2T
under 25.4
Groove 25.4 or over Yes — — 2 — — 3.2, unlimited
Fillet Option 1! 12.7 Yes — — — 1 1 Unlimited
Fillet Option 22 9.5 Yes — 2 — — — Unlimited
Notes:
1. See Figure 5.33.
2, See Figure 5.19, .
3, Also qualifies for welding fillet welds on material of unlimited thickness. ' =
*Radiographic examination of the welder or welding operator test plate may be made in lieu of the bend test. (See 5.7.3) ‘
2. Tests on Pipe or Tubing — Class I Structures*
Pipe or
Pipe or Tube Size Tubing Wall
of Sample Weld Test Specimens Required Diameter Thickness
————— Number of Qualified Qualified
Nominal Wall, t,of Sample Root Bend Face Bend
Material Pipe Size, Wrought, Welds per  Visual Macroetch (sce Figure (sce Figure Min Max Min Max
Type mm mm Position Inspection  Test 5.12) 5.12) mm mm mm mm
Wrought 150 32-95 1 Yes — 2 2 19 410 32 9.5
to through
Wrought 200
Cast to 75 4.8 1 Yes 2 — — 50 410 3.2 12.7
Wrought  through
or Cast 130

to Cast

* Class | structures: refer to 10.1,2 for definition of Class I structures.

(Continued)
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Table 5.7 (Continued)
(Dimensions in Millimeters)

3. Tests on Pipe — Class II Structures*

Number of Specimens

All Positions Except

Pipe or Tubing 5G and 6G Pipe or Tube
Size as Welded 5G and 6G Positions Only P Wall Thickness
Pipe or alified, m
Type of Nominal Visual Face Root Side Face Root Side Tube Size Qualified, mm
Weld  Pipe Size Thickness Inspection Bend Bend Bend Bend Bend Bend Qualified, mm  Min Max!
Groove S50mm  55mm Yes 1 | 2 — 100 or 1.6 17.14
or smaller
75 mm 5.5 mm
Groove 150 mm 14.3 Yes —- - 2 - = 4 Larger 4.8  Unlimited!
or than 100
200 mm 127
Groove  See Figure 5.32 Yes — - = = - 4 All Unlimited!
*Class II structures: refer to 10.1.2 for definition of Class II structures.
4. Tests on Job Size Pipe or Tubing
Number of Specimens (See Note
Pipe or Tubing al pecimens ( ote)
Size as Welded All Positions Except 5G and 6G Pipe or Tube
5G and 6G Positions Only X Wall Thickness
Wall Pipe or Qualified, mm
Type of Nominal Thickness, Visual Face Root Side Face Root Side Tube Size 0
‘ Weld  Pipe Size T Inspection Bend Bend Bend Bend Bend Bend Qualified, mm  Min Max!
Groove < 100mm  Any Yes 1 1 - 2 2 — 100orsmaller 1.62 17.11
Groove >100mm  Any Yes - - 2 — — 4 1/2 test diam. 48  Unlimited
or 100 min3
through
unlimited (for
maximum size
qualified)
Filled Weld
Fracture Test Macroetch Test
Fillet ~ 50 mm  Sch, 120 Yes 2 2 All Unlimited !
Option 1 or
75 mm Sch. 40

Note: Radiographic examination of the welder or welding operator test pipe may be made in lieu of the bend test, (See 5.7.1)
1. Also qualifies for welding fillet welds on material of unlimited thickness.

|l 2. IfT< 1.6 mm, minimum wall thickness qualified shall be T, and maximum qualified shall be 2T.
3. Minimum pipe size qualified shall not be less than 100 mm or d /2, whichever is greater, where d is diameter of test pipe.
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6 in. (150 mm) long specimen shall be tested as described
in 5.25.2.2.

5.25.6.3 Radiographic test procedure shall be as
described in section 6, Part B,

5.25.6.4 Macroetch test procedure is described in
5.8.1.2,

5.25.7 Acceptance Criteria — Groove Welds
5.25.7.1 Visual examination shall conform to 5.8.2.

5.25.7.2 Guided bend test results shall be within the
limits of 5.10.3.

5.25.7.3 Radiographic evaluation shall be within the
limits of 5.12.2.

5.25.8 Acceptance Criteria — Fillet Welds
5,25.8.1 Visual examination shall conform to 5.8.3.

5.25.8.2 Fracture test results shall be within the limits
of 5.11.3.1,

5.25.8.3 Fillet weld root bend test results shall be
within the limits of 5.10.3.

5.26 Retests

5.26.1 The performance test may be terminated at any
stage of the testing procedure, whenever it becomes
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apparent to the supervisor conducting the tests that the
welder, welding operator, or tack welder does not have
the required skill to produce satisfactory results.

5.26.2 Incase a welder, welding operator or tack welder
fails to meet the requirements of one or more weld tests, a
retest may be allowed under the following conditions:

5.26.2.1 Animmediate retest may be made consisting
of two test specimens of each type on which the welder,
welding operator, or tack welder failed. All retest speci-
mens shall meet all the specified requirements.

5.26.2.2 A complete performance qualification retest
may be made at a later date for any failed qualification
tests provided, there is evidence that the welder, welding
operator, or tack welder has had further training or
practice.

5.27 Period of Effectiveness

The welder’s, welding operator’s, or tack welder’s
qualification, as specified in this code (section 5, Part D),
shall be considered as remaining in effect indefinitely
unless (1) the welder, welding operator, or tack welder is
not engaged in a given process of welding for which the
welder, welding operator, or tack welder is qualified fora
period exceeding six months, or (2) there is somc specific
reason to question the welder’s, welding operator’s, or
tack welder’s ability.




6. Inspection

Part A
General Requirements

6.1 General

6.1.1 Forthe purpose of this Code, fabrication/erection
inspection and testing and verification inspection and
testing are separate functions. Fabrication/erection
inspection and testing shall be performed as necessary
prior to assembly, during assembly, during welding, and
after welding to ensure that materials and workmanship
meet the requirements of the contract documents. Verifi-
cation inspection and testing shall be performed in a
timely manner to avoid delays in the work.

Fabrication/crection inspection and testing is the
responsibility of the contractor, unless otherwise pro-
vided in the contract documents, Verification inspection
and testing is the prerogative of the Engineer (owner)
who may perform this function or, when provided in the
contract, waive independent verification, or stipulate
that both erection and verification inspections shall be
petformed by the contractor.

6.1.2 The fabrication/erection Inspector is the duly
designated person who acis for, and on behalf of, the
contractor on all inspection and quality matters within
the scope of the contract documents. The verification
Inspector is the duly designated person who acts for, and
in behalf of, the owner or Engineer on all inspection and
quality matters within the scope of the contract docu-
ments., When the term Inspector(s) is used without
further qualification, it applics equally to erection and
verification within the limits of responsibility designated
in6.1.1,

6.1.3 Inspector Qualification

6.1.3.1 Inspectors responsible for acceptance or rejec-
tion of material and workmanship shall be qualified. The
basis of Inspector qualification shall be documented. If
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the Engineer elects to specify the basis of inspector quali-
fication, it shall be so stated in contract documents.

The following are acceptable qualification bases:

(1) Current or previous certification as an AWS Cer-
tified Welding Inspector (CWI) in accordance with the
provisions of AWS QCl, Standard and Guide for Quali-
fication and Certification of Welding Inspectors, or

(2) Current or previous qualification by the Canadian
Welding Bureau (CWB) to the requirements of the Cana-
dian Standard Association (CSA) Standard W178.2,
Certification of Welding Inspectors, or

(3) An Engineer or technician who, by training or
experience, or both, in metals fabrication, inspection,
and testing, is competent to perform inspection of the
work.

6.1.3.2 The qualification of an Inspector shall remain
in effect indefinitely, provided the Inspector remains
active in inspection of welded aluminum fabrication,
unless there is specific reason to question the Inspector’s
ability.

6.1.3.3 The Inspector may be supported by Assistant
Inspectors who may perform specific inspection func-
tions under the supervision of the Inspector. Assistant
Inspectors shall be qualified by training and experience
to perform the specific functions to which they are
assigned. The work of Assistant Inspectors shall be regu-
larly monitored by the Inspector, generally on a daily
basis.

6.1.3.4 Inspectors and Assistant Inspectors shall have
passed an eye examination with or without corrective
lenses to prove: (1) near vision acuity of Snellen English,
orequivalent, at 12 in. (305 mm), and (2) far vision acuity
of 20/40, or better. An eye examination of all inspection
personnel is required every three years or less, if neces-
sary, to demonstrate adequacy.

6.1.3.5 The Engineer shall have authority to verify the
qualification of Inspectors.

_ﬂ
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6.1.4 The Inspector shall ascertain that all fabrication
and erection by welding is performed in accordance with
the requirements of the contract documents,

6.1.5 The Inspector shall be furnished complete, detailed
drawings showing the size, length, type, and location of
all welds to be made, The Inspector shall be furnished the
portion of the contract documents that describes mate-
rial and quality requirements for the products to be
fabricated or erected, or both.

ki
6.1.6 The Inspector shall be notified in advance of the
start of operations subject to inspection and verification.

6.2 Inspection of Materials

The Inspector shall make certain that only materials
conforming to the requirements of this Code are used.

6.3 Inspection of Welding Procedure
Qualification and Equipment

6.3.1 The Inspector shall make certain that all welding is
in accordance with a welding procedure specification
which has been qualified in accordance with 5.2 of this
Code.

6.3.2 The Inspector shall inspect the welding equipment
to be used for the work to make certain that it conforms
to the requirements of 3.1.2,

6.4 Inspection of Welder, Welding
Operator, and Tack Welder
Qualifications

6.4.1 The Inspector shall permit welding to be per-
formed only by welders, welding operators, and tack
welders who are qualified in accordance with the
requirements of 5.3 or shall make certain that all welders,
welding operators, or tack welders have previously
demonstrated their qualifications under other acceptable
supervision.

6.4.2 When the quality of a welder’s, welding operator’s,
or tack welder’s work appears to be below the require-
ments of this Code, the Inspector may require that the
welder, welding operator, or tack welder demonstrate an
ability to produce sound welds by means of a simple test,
such as the fillet weld break test or by requiring complete
requalification in accordance with section 5, Part D.

6.4.3 The Inspector shall require requalification of any
welder, welding operator, or tack welder who has not
used each process to be used in the construction under
consideration for a period exceeding six months.
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6.5 Inspection of Work and Records

6.5.1 Aspart of the visual inspection, the Inspector shall
make certain that the size, length, and location of all
welds conform to the requirements of this Code, and to
the detail drawings, and that no unspecified welds have
been added without approval.

6.5.2 The Inspector shall make certain that only welding
procedures which meet the provisions of 5.1 and 5.2 arc
employed.

6.5.3 The Inspector shall, at regular intervals, observe
the technique and performance of each welder, welding
operator, and tack welder to make certain that the appli-
cable requirements of section 4 are met.

6.5.4 The Inspector shall examine the work to make
certain that it meets the requirements of section 3 and
subsections 8.8, 9.8, 10.10, or 10.15, as applicable. The
size and contour of welds shall be measured with accept-
able gages. Visual inspection for cracks in welds and base
metal and other discontinuities should be aided by a
strong light, magnifiers, or such other devices as may be
found helpful.

6.5.5 The Inspector shall identify with a distinguishing
mark all parts or joints that have been inspected and
accepted.

6.5.6 The Inspector shall keep a record of qualifications
of all welders, welding operators, and tack welders, all
procedure qualifications or other tests that are made,
and such other information as may be pertinent.

6.6 Obligations of the Contractor

6.6.1 In addition to the requirements of 6.1.1, the con-
tractor shall be responsible for visual inspection and
necessary correction of all deficiencies in materials and
workmanship in accordance with the requirements of
section 3 and subsection 8.8.1,9.8.1, 10.10, or 10.15.1, as
applicable.

6.6.2 The contractor shall comply with all requests of
the Inspector to correct deficiencies in materials and
workmanship as provided in the contract documents.

6.6.3 Iffaulty welding or its removal for rewelding dam-
ages the base metal so that in the judgement of the
Engineer its retention is not in accordance with the intent
of the contract documents, the contractor shall remove
and replace the damaged base metal or shall compensate
for the deficiency in a manner approved by the Engineer.

6.6.4 When nondestructive testing other than visual
inspection is specified in the information furnished to
bidders, it shall be the contractor’s responsibility to
ensure that all specified welds meet the quality require-
ments of 8.8, 9.8, 10.10, or 10.15, whichever is applicable.




6.6.5 If nondestructive testing other than visual inspec-
tion is not specified in the original contract agreement,
but is subsequently requested by the owner, the contrac-
tor shall perform any requested testing or shall permit
any testing to be performed in accordance with 6.7. The
owner shall be responsible for all associated costs includ-
ing handling, surface preparation, nondestructive test-
ing, and repair of discontinuities other than those listed
in8.8.1,9.8.1, 10.10, or 10.15.1, whichever is applicable,
at rates mutually agrecable between owner and contrac-
tor. However, if such testing should disclose an attempt

to defraud or disclose gross nonconformance to this.

code, repair work shall be done at the contractor’s
expense.

6.7 Nondestructive Testing

6.7.1 When nondestructive testing other than visual is to
be required, it shall be so stated in the information
furnished to the bidders. This information shall desig-
nate the categories of welds to be examined, the extent of
examination of each category, and the method or
methods of testing.

6.7.2 Welds tested nondestructively that do not meet the
requirements of this Code shall be repaired by the
methods permitted in 3.7.

6.7.3 When radiographic testing is used, the procedure
and technique shall be in accordance with Part B of this
section,

6.7.4 When ultrasonic testing is used, the procedure
and technique shall be in accordance with Part C of this
section.

6.7.5 For detecting discontinuities that are open to
the surface, liquid penetrant inspection may be used.
The methods set forth in ASTM EI65, Standard
Recommended Practice for Liquid Penetrant Inspection
Method, shall be used and the standards of acceptance
shall be in accordance with 8.8,1, 9.8.1, 10.10, or 10.15.1,
whichever is applicable.

6.7.6 Personnel Qualification

6.7.6.1 Personnel performing nondestructive testing
other than visual shall be qualified in accordance with
the current edition of the American Society for Non-
destructive Testing Recommended Practice No, SNT-
TC-1A.1 Only individuals qualified for NDT Level I
and working under the NDT Level II or individuals
qualified for NDT Level II may perform nondestructive
testing,

14. Available from the American Society for Nondestructive
Testing, 4153 Arlingate Plaza, Columbus, Ohio 43228,
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6.7.6.2 Certification of Level I and Level II individ-
uals shall be performed by a Level Il individual who has
been certified by (1) The American Society for Non-
destructive Testing, or (2) has the education, training,
experience, and has successfully passed the written
examination prescribed in SNT-TC-1A.

6.7.6.3 Personnel performing nondestructive tests
under the provisions of 6.7.6 need not be qualified nor
certified under the provisions of AWS QCIl.

Part B
Radiographic Testing of
Groove Welds in Butt Joints

6.8 General

6.8.1 The procedures and standards set forth herein
govern radiographic testing of welds when such inspec-
tion is required by the contract documents as provided in
6.7. The requirements listed herein are specifically for
testing groove welds in butt joints in plates, shapes, and
bars by X-ray or gamma-ray sources. The methodology
shall conform to ASTM E94, Standard Recommended
Practice for Radiographic Testing, and ASTM E142,
Standard Method for Controlling Quality of Radio-
graphic Testing, except as provided herein.

6.8.2 Variations in testing procedures, equipment, and
acceptance standards may be used upon agreement
between the contractor and the Engineer. Such varia-
tions include, but are not limited to, the following: radio-
graphic testing of fillet, T, and corner welds; changes in
source-to-film distance; unusual application of film;
unusual penetrameter applications (including film side
penetrameters and wire penetrameters); radiographic
testing of thicknesses greater than 6 in. (150 mm); film
types, densities, and variations in exposure, develop-
ment, and view techniques.

6.9 Extent of Testing

6.9.1 The information furnished to bidders shall clearly
identify the extent of radiographic testing.

6.9.2 Welds requiring radiography shall be tested for
their full length, unless partial or spot testing is specified.

6.9.3 When partial testing is specified, the locations and
lengths of welds or categories of welds to be tested shall
be clearly designated in the contract documents.

6.9.4 When spot testing is specified, the number of spots
in each designated category of welded joint to be radio-
graphed in a stated length of weld shall be included in the
information furnished to the bidders. Each spot radio-
graph shall show at least 4 in. (100 mm) of weld length,

—
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When a spot radiograph shows discontinuities that
require repair, two additional spots in the same segment
of weld represented by the original spot shall be taken at
locations away from the original spot. The location of
the additional spots shall be agreed upon between the
contractor and the verification inspector, When either of
the two additional spots shows defects which require
repair, the entire segment of the weld represented by the
original spot shall be completely radiographed. If the
weld involves more than one segment, two additional
spot radiographs shall be taken at locations agreed upon
by the contractor and the verification inspector, subject
to the foregoing interpretation,

6.10 Radiographic Procedures

6.10.1 Radiographs shall be made using a single source
of either X-ray or gamma radiation. The radiographic
sensitivity shall be judged on the basis of the penetram-
eter images. The radiographic technique and equipment

shall provide sufficient sensitivity to clearly delineate
the required penetrameters and the essential holes as
described in 6.10.7, Table 6.1 and Figure 6.5. Identifying
letters and numbers shall show clearly in the radiograph.

6.10.2 Radiography shall be performed in accordance
with all applicable safety requirements. A summary of
references for safe radiographic procedures is listed in
Appendix J.

6.10.3 When the contract documents require the removal
of weld reinforcement, the welds shall be prepared for
radiography by grinding as described in 3.6.3. Other
weld surfaces need not be ground or otherwise smoothed
for purposes of radiographic testing unless surface irrcgu-
larities between the weld and base metal obscure objec-
tionable weld discontinuities.

6.10.3.1 Extension bars and run off plates shall be
removed prior to radiographic inspection unless other-
wise approved by the Engineer,

Table 6.1
Penetrameter Requirements (see 6.10.1)
Nominal Material Penetrameter Penetrameter
Thickness Range (in.) Identification Thickness, in. Essential Hole
Up to 0.25 incl. 10 - 0.010 4T
Over 0.25 to 0.375 12 0.012 4T
Over 0,375 t0 0.50 15 0.015 4T
Over 0.50 to 0.625 15 0.015 4T
Over 0,625 to 0.75 17 0.017 4T
Over 0.75 to 0.875 20 0.020 4T
Over 0.875 to 1.00 20 0.020 4T
Over 1.00 to 1.25 25 0.025 4T
Over 1.25 to 1.50 30 0.030 2T
Over 1.50 to 2.00 35 0.035 2T
Over 2.00 to 2.50 40 0.040 2T
Over 2,50 to 3.00 45 0.045 2T
Over 3.00 to 4.00 50 0.050 2T
Over 4,00 to 6,00 60 0.060 2T
Nominal Material Penetrameter Penetrameter
Thickness Range (mm) Identification Thickness, mm Essential Hole
Up to 6.4 incl. 10 0.25 4T
Over 6.4 through 9.5 12 0.30 4T
Over 9.5 through 12.7 15 0.38 4T
Over 12,7 through 15.9 15 0.38 4T
Over 15.9 through 19.0 17 0.43 4T
Over 19.0 through 22.2 20 0.51 4T
Over 22,2 through 25.7 20 0.51 4T
Over 25,7 through 31.7 25 0.63 4T
Over 31.7 through 38.1 30 0.76 2T
Over 38.1 through 50.8 35 0.89 2T
Over 50.8 through 63.6 40 1.02 2T
Over 63.6 through 76.2 45 1.14 2T
Over 76,2 through 102 50 1.27 2T
Over 102 through 152 60 1.52 2T
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6.10.3.2 When required by 4.8 or other provisions of
the contract documents, backing shall be removed and
the surface shall be finished flush by mechanical means
prior to radiography, Weld finishing shall be as de-
scribed in 3.6.3.

6.10.3.3 When weld reinforcement or backing, or
both, are not removed, aluminum shims which extend at
least 1/8 in. (3 mm) beyond three sides of the required
penetrameter shall be placed under the penetrameter so
that the total thickness of aluminum between the pene-
trameter and the film is approximately equal to the
average thickness of the weld measured through its rein-
forcement and backing.

6.10.4 As described in ASTM E94 (see Appendix A),
radiographic film shall be Type 1 ot Type 2, and lead foil
screens shall be used as needed. Fluorescent screens shall
not be permitted,

6.10.5 Radiographs shall be made with a single source of
radiation centered as near as practicable with respect to
the length and width of that portion of the weld being
examined,

6.10.5.1 Gamma ray sources, regardless of size, shall
be capable of meeting the geometric unsharpness require-
ment of Article 2, Section V of ASME Boiler and Pres-
sure Vessel Code (see Appendix A).

6.10.5.2 The source-to-subject distance shall not be
less than the total length of film being exposed in a single

CONTRACT NUMBER, WELD

AND FABRICATOR IDENTIFICATION
(LOCATION OPTIONAL), SEE 6.10.12

L

N

T2

PENETRAMETER
ON SOURCE SIDE
WITH ESSENTIAL
HOLE NEAR END
OF WELD

LEAD FILM IDENTIFICATION NUMBERS SHALL BE
PLACED DIRECTLY OVER THE NUMBERS MARKED
ON THE WELDMENT FOR THE PURPOSE OF MATCHING
FILM TO WELD AFTER PROCESSING (SEE 6.10.12)

CONTRACT NUMBER, WELD
AND FABRICATOR IDENTIFICATION
(LOCATION OPTIONAL}, SEE 6.10.12
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plane. This provision does not apply to panoramic expo-
sures made under the provisions of 6.10.8.2.

6.10.5.3 The source-to-subject distance shall not be
less than seven times the thickness of the weld plus
reinforcement and backing, if any, nor shall the inspect-
ing radiation penetrate any portion of the weld repre-
sented in the radiograph at an angle greater than 26.5°
from a line normal to the weld surface.

6.10.6 X-ray units may be used as a source for all radio-
graphic inspection, provided they have adequate pene-
trating ability. Maximum permissible voltage depends
on material thickness, as shown by ASME Section V,
Article 2. Iridium 192 shall only be used as a radio-
graphic source when the aluminum being radiographed
exceeds 2.5 in(65 mm) in thickness.

6.10.7 For joints of approximately uniform thickness, at
least two penetrameters shall show clearly on each radio-
graph 10 in. (255 mm) or greater in length, as shown in
Figure 6.1. Radiographs of such joints less than 10 in. in
length need show only one penetrameter, as shown in
Figure 6.2.

When a transition in thickness occurs at a welded
joint, each film shall clearly show two penetrameters on
the thinner plate and one penetrameter on the thicker
plate, as shown in Figure 6.3. When a radiograph repre-
senting a transition in weld thickness is less than 10 in.
long, only one penetrameter need be applied to each
thickness represented in the radiograph, as shown in

3/4 in. MIN

(TYP.) .
)/ 3/8 in. MIN (TYP.)
. > PENETRAMETER ON SOURCE SIDE WITH

ESSENTIAL HOLE NEAR END OF WELD

in. mm

10 in. AND GREATER
3/8 10
172 13
T1 3/4 19
10 255

Figure 6.1 — Radiographic Identification and Penetrameter Locations on Approximately
Equal Thickness Joints 10 in. (255 mm) and Greater in Length (see 6.10.7)
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CONTRACT NUMBER, WELD
AND FABRICATOR IDENTIFICATION
T (LOCATION OPTIONAL), SEE 6.10.12

/ 3/8 in. MIN (TYP,)

PENETRAMETER ON SOURCE SIDE 3/4 in. MIN (TYP.)

MAY BE PLACED ANYWHERE ALONG
AND ON EITHER SIDE OF THE JOINT

PLACED DIRECTLY OVER THE NUMBERS MARKED in. mm
ON THE WELDMENT FOR THE PURPOSE OF MATCHING eSS THAN10 in
FILM TO WELD AFTER PROCESSING (SEE 6,10.12) 3 3/8 10
CONTRACT NUMBER, WELD /4 19
AND FABRICATOR IDENTIFICATION
(LOCATION OPTIONAL), SEE 6.10.12 . 10 255
1

Figure 6.2 — Radiographic Identification and Penetrameter Locations on Approximately
Equal Thickness Joints Less than 10 in. (255 mm) in Length (see 6.10.7)

o - PENETRAMETER ON SOURCE SIDE WITH
ESSENTIAL HOLE NEAR END OF WELD
3/8 10
874 19 3/8 in. MIN {TYP.) '
10 265

3/4 in. MIN (TYP)

.MEASURE T2 AT POINT OF MAXIMUM
THICKNESS UNDER PENETRAMETER

PLACED ON SLOPE X
&
LEAD FILM IDENTIFICATION NUMBERS SHALL BE X

PLACED DIRECTLY OVER THE NUMBERS MARKED

ON THE WELDMENT FOR THE PURPOSE OF .\(\.P’
MATCHING FILM TO WELD AFTER PROCESSING Y
(6.10.12)

CONTRACT NUMBER, WELD

AND FABRICATOR IDENTIFICATION T1
(6.10.12)

Figure 6.3 — Radiographic Identification and Penetrameter Locations on

Transition Joints 10 in. (255 mm) and Greater in Length (see 6.10.7)

Figure 6.4, Penetrameters shall be placed on the source
side, parallel to the weld joint, with the essential holes at

trameter, or both, may be selected by the contractor,
provided all other provisions for radiography are met.

the outer end as detailed in Figures 6.1 and 6.3.

6.10.7.1 The thickness of the penetrameter and the
essential hole diameter shall be as specified in Table 6.1,
except that a smaller essential hole or a thinner pene-
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The thickness of the weldment shall be measured as T1
or T2, or both, at the locations shown in Figures 6.1, 6.2,
6.3, or 6.4, and may be increased to provide for the
thickness of allowable weld reinforcement, provided
shims are used as specified in 6.10.3.3. Aluminum back-



in mm
3/8 10
3/4 19

10 256

MEASURE T2 AT POINT OF MAXIMUM
THICKNESS UNDER PENETRAMETER
PLACED ON SLOPE

T2

LEAD FILM IDENTIFICATION NUMBERS SHALL BE
PLACED DIRECTLY OVER THE NUMBERS MARKED

ON THE WELDMENT FOR THE PURPOSE OF MATCHING

FILM TO WELD AFTER PROCESSING (6.10.12)

CONTRACT NUMBER, WELD
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PENETRAMETER ON SOURCE SIDE
MAY BE PLACED ANYWHERE ALONG
THE JOINT

AND FABRICATOR IDENTIFICATION !

(6.10.12)

Figure 6.4 — Radiographic Identification and Locations on Transition
Joints Less Than 10 in. (255 mm) in Length (see 6.10.7)

ing shall not be considered part of the weld or reinforce-
ment in the penetrameter selection, The penetrameter
representative of the maximum weld thickness may be
placed on either the sloping surface within 1 in. (25 mm)
of the fusion line, or on a shim of suitable thickness on
the thinner side. On steeper slopes, tilting of the pene-
trameter may obscure the images of the holes.

6.10.7.2 Penetrameters for aluminum shall be manu-
factured from a radiographically similar aluminum alloy
and shall conform to dimensions shown in Figure 6.5.
For more detailed information, ASTM E142 should be
consulted. Each penetrameter shall be manufactured
with three holes, one of which shall be of a diameter
equal to twice the penetrameter thickness (2T). The
diameter of the two remaining holes shall be selected by
the manufacturer. Penetrameter designations 10 through
25 shall contain a 4T hole.

6.10.8 Welded joints shall be radiographed and the film
indexed by methods that will provide complete and con-
tinuous inspection of the joint within the limits specified
to be examined. Joint limits shall show clearly in the
radiographs, Short film, short screens (when required
by the radiographic procedure), excessive undercut by
scattered radiation, or any other process that obscures
portions of the total weld length shall render the radio-
graph unacceptable,

6.10.8.1 Films shall have sufficient length and shall be
placed to produce at least 1/2 in. (13 mm) of film,
exposed to direct radiation from the source, beyond each
free edge where the weld is terminated.

6.10.8.2 Welds longer than 14 in. (355 mm) may be
radiographed by overlapping film cassettes and making
a single exposure, or by using a single film cassette and
making separate exposures. The provisions of 6.10.5
shall apply.

6.10.8.3 To check for backscatiered radiation, a lead
symbol “B”, 1/2in. (13 mm) high, 1/ 16 in. (1.6 mm) thick
shall be attached to the back of each film cassette. If the
“B” image appears on the radiograph, the radiograph
shall be unacceptable.

6.10.9 Film widths shall be sufficient to depict all por-
tions of the welded joint, including the heat-affected
zones, and shall provide sufficient additional space for
the required penetrameters and film identification with-
out infringing upon the area of interest in the radiograph.

6.10.10 Quality of Radiographs. All radiographs shall
be free from mechanical, chemical, or other blemishes to
the extent that they might mask or be confused with the
image of any discontinuity in the area of interest in the
radiograph. Such blemishes include, but are not limited
to the following:

(1) fogging

(2) processing defects such as streaks, water marks, or
chemical stains

(3) scratches, finger marks, crimps, dirt, static marks,
smudges, or tears

(4) loss of detail due to poor screen-to-film contact

(5) false indications due to defective screens or inter-
nal faults
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PLACE IDENTIFICATION
NUMBERS HERE
MINIMUM PENETRAMETER THICKNESS 0.005 in.

MINIMUM DIAMETER FOR 1T HOLE
MINIMUM DIAMETER FOR 2T HOLE
MINIMUM DIAMETER FOR 4T HOLE

4T DIAM 7

T DIAM.

/— 2T DIAM.

0.010in.
0.020in.| |
0.040in.| |

HOLES SHALL BE TRUE AND NORMAL I
TO THE SURFACE OF THE PENETRAMETER
DO NOT CHAMFER

1/2in.

—{1/4in.f+—

— T fa—

SEE NOTE 1

[e—7/16 in.—

4T DIAM. 7

3/4in.

1-1/2 in. ———————|

DESIGN FOR PENETRAMETER THICKNESS FROM 0.005 in. AND INCLUDING 0.050 in.:
FROM 0.005 in. THROUGH 0.023 in., SEE ASTM E142, TABLE 1

OVER 0.012 in, THROUGH 0.020 in., MADE IN 0.0025 in. INCREMENTS
OVER 0.020 in. THROUGH 0.050 in., MADE IN 0.005 in. INCREMENTS
PENETRAMETER THICKNESSES BETWEEN THE INCREMENTS INDICATED ARE PERMITTED.
PROVIDED THEY DO NOT EXCEED THE MAXIMUM THICKNESS REQUIRED.

T DIAM.

/— 2T DIAM.

| |
l r

PLACE IDENTIFICATION |
NUMBERS HERE

|

|

|

| |
|

|

|

(]
L/

T

4

/_‘::/ 1in.

/

——l 3/81n. '—-

—_—

3/8in,

—

ALL DIMENSIONS IN in.

T

[e—

3/4in.

[ 1-3/8in.——

2-1/4in.

DESIGN FOR PENETRAMETER THICKNESS FROM 0.060 in. to 0.160 in. INCLUSIVE
MADE IN 0.010 in. INCREMENTS

Figure 6.5 — Penetrameter Design (see 6.10.7)
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SEE NOTE 1

1. Tolerances on penetrameter thickness and hole diameter shall be £ 10% or one half of the thickness increment between penetrameter

sizes, whichever is smaller.
2. For the Essential Hole—See Table 6.1.
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‘ T DIAM.
PLACE IDENTIFICATION 4o
NUMBERS HERE IAM. 9T DIAM.
MINIMUM PENETRAMETER THICKNESS .127 mm /—

MINIMUM DIAMETER FOR 1T HOLE .254 mm
MINIMUM DIAMETER FOR 2T HOLE .508 mm
MINIMUM DIAMETER FOR 4T HOLE 1.02 mm

T
|
|
i | \—{- - 13 mm
HOLES SHALL BE TRUE AND NORMAL { >< ! |

TO THE SURFACE OF THE PENETRAMETER | |

DO NOT CHAMFER |
6 mm 6 mm f+—— ——{ T fe—

11 mm —+| SEE NOTE 1

19 mm

38mm —————

DESIGN FOR PENETRAMETER THICKNESS FROM .127 mm AND INCLUDING 1.27 mm: ALL DIMENSIONS IN mm
FROM 1.127 mm THROUGH .305 mm, SEE ASTM E142, TABLE 1

OVER .305 mm THROUGH 508 mm, MADE IN ,0638 mm INCREMENTS

OVER .508 mm THROUGH 1.27 mm, MADE IN .127 mm INCREMENTS

PENETRAMETER THICKNESSES BETWEEN THE INCREMENTS INDICATED ARE PERMITTED.

PROVIDED THEY DO NOT EXCEED THE MAXIMUM THICKNESS REQUIRED,

T DIAM.

AT DIAM.
‘ 7 [ZT DIAM.
l
I
[ /
| fa 25 mm
|
PLACE IDENTIFICATION | |
1

NUMBERS HERE |

4‘10mmL— —] 10mm |+— —7 —

- 19 mm SEE NOTE 1

35 mm.

57 mm

DESIGN FOR PENETRAMETER THICKNESS FROM 1.52 mm to 4.06 mm INCLUSIVE
MADE IN .254 mm INCREMENTS

Notes:

1. Tolerances on penetrameter thickness and hale diameter shall be + 10% or one half of the thickness increment between penetrameter
sizes, whichever is smaller.

2. For the Essential Hole—Sae Table 6.1.

Figure 6.5 (continued) — Penetrameter Design (Metric Version) (see 6.10.7)
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6.10.11 Density Limitations, The transmitted film den-
sity through the radiographic image of the body of the
required penetrameter(s) and the area of interest shall be
1.8 minimum (preferably in the range from 2.5 to 3.5) for
single film viewing for radiographs made with an X-ray
source and 2.0 minimum for radiographs made with a
gamma-ray source, For composite viewing of double
film exposures, the minimum density shall be 2.6. Each
radiograph of a composite set shall have a minimum
density of 1.3, The maximum density shall be 4.0 for
either single or composite viewing,

6.10.11.1 The film shall be processed to develop a film
blackening measured by the H&D radiographic density
expressed as:

D = H&D (radiographic) density = log;o(I,/I)
where

I, = light intensity on the film, and
I = light transmitted through the film

6.10.11.2 When transitions in weld thickness are
radiographed and the ratio of the thickness of the thicker
section to the thickness of the thinner section is 3 or
greater, radiographs should be exposed to produce
single film densities of 3.0 to 4.0 in thinner sections.
When this is done, the minimum density requirements of
6.10.11 shall be waived unless otherwise provided in the
contract documents,

6.10.12 A radiograph identification mark and two loca-
tion identification marks shall be placed on the weld-
ment at each radiograph location, all of which shall show

in the radiograph. The radiographic images shall be

produced by placing lead numbers or letters, or any
combination thereof, over each of the identical identifi-
cation and location marks made on the weldment. The
images provide the means for matching the developed
radiograph with the weld.

Additional identification information may be pre-
printed no less than 3/4 in. (19 mm) from the edge of
the weld or produced on the radiograph by placing lead
figures on the weldment,

Information required to show on the radiograph shall
include the owner’s contract identification, initial of the
radiographic inspection company, initials of the fabrica-
tor, the fabricator shop order number, the radiographic
identification mark, the date, and the weld repair
number, if applicable.

6.11 Acceptability of Welds

Welds shown by radiographic testing to have discon-
tinuities prohibited by 8.8.2, 9.8.2 or 10.15.2 shall be
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discarded or corrected in accordance with 3.7. Tungsten
inclusions shall be treated as porosity.

6.12 Examination, Report, and
Disposition of Radiographs

6.12.1 The tester shall maintain a record of the welds or
portions of welds subjected to radiographic inspection
and include descriptions, pictures, or sketches of the
discontinuity indications developed. See Appendix F for
a suggested report form for radiographic inspections.

6.12.2 The contractor shall provide a variable intensity
illuminator (viewer) with spot-review or masked spot-
review capability. The viewer shall incorporate a means
for adjusting the size of the spot under examination. The
viewer shall have sufficient capacity to properly illumi-
nate radiographs with an H&D density of 4.0. Film
review shall be done in an area of subdued light.

6.12.3 Before a weld subject to radiographic testing by
the contractor for the owner is accepted, all of its radio-
graphs, including any that show unacceptable quality
prior to repair, and a report interpreting them, shall be
submitted to the verification Inspector,

6.12.4 A fullset of radiographs of welds subject to radio-
graphic testing by the contractor for the owner, includ-
ing any that show unacceptable quality prior to repair,
shall be delivered to the owner upon completion of the
work. The contractor’s obligation to retain radiographs
shall cease: (1) upon delivery of this full set to the owner,
or (2) one full year after the completion of the contrac-
tor’s work, provided the owner is given prior written
notice that the radiographs are scheduled for disposal.

Part C
Ultrasonic Testing of Groove Welds

6.13 General

6.13.1 When ultrasonic testing is required by the Con-
tract Documents, the extent of testing, the procedure,
and the acceptance criteria shall be specified therein.

6.13.2 The tester shall maintain a record of the welds or
portions of welds subjected to ultrasonic testing. The
contractor’s obligation to retain these records shall
cease: (1) upon delivery of a full set to the owner, or (2)
one full year after completion of the contractor’s work,
provided the owner is given prior written notice that the
records are scheduled for disposal.
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7. Stud Welding

Part A
General Requirements

7.1 General

Section 7 contains general requirements for arc stud
welding and capacitor discharge stud welding of alu-
minum alloy studs to aluminum alloys and stipulates
specific requirements for the following:

(1) mechanical properties of aluminum alloy studs

(2) workmanship, preproduction testing, qualifica-
tion, and performance testing A

(3) inspection of stud welding during production.

Part B
Arc Stud Welding

7.2 General Requirements

7.2.1 Studsshallbe 1/4in, (6.4 mm)up to and including
1/2in. (12.7 mm) diameter and designed for arc welding
to aluminum members with the use of automatically
timed stud welding equipment. The type, size, and
lengths of the stud shall be as specified by the drawings,
specifications, or special provisions.

7.2.2 A ferrule or arc shield of heat resistant ceramic or
other suitable material shall be furnished with each stud.

7.2.3 The minimum base metal thickness for arc stud
application shall not be less than 50% of the stud
diameter.

7.3 Material Requirements

7.3.1 Studs shall be made from cold drawn or extruded
stock of alloys shown below. Other alloys may be used
with the approval of the Engineer,
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Aluminum Alloys
For Arc Stud Welding Applications

4043
5183
5356
5556

7.3.2 The stud shall not be anodized, painted, or coated
with any foreign substance.

7.3.3 The contractor shall obtain the stud manufactur-
er’s certification that the studs conform to the applicable
requirements of 7.3.

7.3.4 Mechanical testing of aluminum stud alloys
shall be in accordance with the applicable sections of
ASTM B557, Standard Methods of Tension Testing
Wrought and Cast Aluminum- and Aluminum-Alloys
and Magnesium-Alloy Products or AWS B4.0, Stan-
dard Methods for Mechanical Testing of Welds.

7.4 Workmanship

7.4.1 Studs shall be free from oil, moisture, excessive
oxide, or other deleterious matter that would adversely
affect the welding operation.

7.4.2 Base metal to which studs are to be welded shall be
free of anodic coatings, moisture, or other injurious
material to assure obtaining sound welds. These areas
may be cleaned by etching, brushing with a stainless steel
bristle brush, scraping, or grinding.

7.4.3 Ferrules shall be clean and dry. Any ferrules which
show signs of surface moisture shall be oven dried at
250°F (120°C) for a minimum of two hours before use.

7.4.4 Ferrule geometry shall conform to the contour of
the base metal.

—
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7.4.5 Ferrules shall be broken free from all studs after
welding,

7.4.6 Welded studs shall meet the visual inspection
requirements of 7.8.

7.5 Technique

7.5.1 Studs shall be welded with automatically timed
stud welding equipment connected to a source of direct
current (electrode positive) power. Welding current,
time, shielding gas, and settings for lift and plunge
should be set at optimum settings, based on past practice
and recommendations of stud and equipment manufac-
turers (see exception noted in 7.5.4).

7.5.2 Welding grade shiclding gas (argon, helium, or
helium/argon mixtures) shall be used.

7.5.3 If two or more arc stud welding guns are to be
operated from the same power source, they shall be
interlocked so only one gun can operate at a time, and so
the power source can fully recover from making one
weld before another weld is started.

7.5.4 At the option of the contractor, and with the
approval of the Engineer, aluminum studs may be
applied by fillet welding by using the GTAW process
described in section 4, provided the following conditions
are met.

7.5.4.1 The welding procedure used is qualified in
accordance with section 5, Qualification of Procedures
and Personnel.

7.5.4.2 The welder is qualified in accordance with
section $, Qualification of Procedures and Personnel.

7.5.4.3 The minimum fillet size to be used shall be as
shown in Table 7.1.

7.5.4.4 The stud base shall be shaped to fit firmly
against the part to which it is to be attached.

7.5.4.5 Fillet welded studs shall be visually inspected
as set forth in 8.8.1 (1), (2), (3), and (4).

Table 7.1
Minimum Fillet Weld Size for
Small Diameter Studs

(see 7.5.4.3)
Stud Diameter (d) Minimum Fillet Weld Size
in, (mm) in. (mm)
1/4 (6.4) <d=3/8(9.5) 3/16 5
3/8(9.5)<d=1/2(12.7) 1/4 6
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7.6 Qualification Requirements

7.6.1 General. Prior to shop or field application stud
welding, procedures shall be prepared and qualified
according to the requirements of 7.6. The results of these
tests shall be recorded on a stud procedure qualification
record (PQR).

7.6.2 Responsibility for Tests. The contractor shall be
responsible for the preparation and qualification of stud
welding procedures. The Engineer should accept prop-
erly documented evidence of previous qualification of
the stud welding procedures to be employed.

7.6.3 Welding Procedure Qualification

7.6.3.1 Preparation of Stud Welding Procedures.
Stud welding procedures shall be established in accord-
ance with the limitation of variables except that a pro-
cedure established for each of two thicknesses of base
metal using the same machine settings and conditions
specified in the procedure qualification record may be
used for all intermediate thicknesses. A suggested PQR
form is shown in Appendix E(d).

7.6.3.2 Welding Position. Qualification in one posi-
tion qualifies for all positions.

7.6.4 Limitation of Variables. Any of the following
changes shall require requalification of the stud welding
procedure:

(1) A change in the base metal M-number

(2) A change in the F-number of the stud alloy

(3) A change in the nominal size or shape of the stud
base

(4) A change of more than & 25% in the base metal
thickness or thickness range qualified

(5) A change from a single shielding gas to any other
gas, or to a mixture of gases, or a change of 109 or more
in the specified percentage composition of the mixture

(6) A change of more than 10% in the flow rate of the
shielding gas

(7) A change in ferrule geometry

(8) A change of timer range or amperage range
greater than + 5%

(9) A change in make or model of welding machine

(10) A change in base metal form from a flat surface
to a pipe or tube surface having an outside diameter of
12 in. (305 mm) or less, but not the reverse

7.6.5 Preparation of Test Specimens. Ten consecutively
welded stud test specimens are required to qualify each
welding procedure. Essential welding information shall
be recorded using a form similar to Appendix E(e).

7.6.6 Procedure Qualification Tests and Acceptance
Criteria

7.6.6.1 The test welds shall have a well-formed cir-
cumferential flash over at least 75% of the periphery of
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the welded stud.!® There shall be no undercutting of the Minimum torque values for other F-number studs shall
. stud above the welded joint. be determined by the Engineer.
7.6.6.2 Five test weld specimens shall be tested by
bending each stud to an angle of at least 15° from the Table 7.2
axis of the stud. The studs shall be left in the bent Minimum Required Torque Values and
condition. A test jig as shown in Figure 7.1 or other Tension Loads for Arc Stud Welding
suitable device shall be used for bending. (F-22 Aluminum Alloy Studs) (See 7.6.6.4)
7.6.6.3 Acceptance Criteria—Bend Tests. To pass Tension Test: Tension Test:
the bend test requirements, all five studs shall exhibit no Option 1 Option 2
visible separation or fracture in the stud weld or heat- - .
affected zones of the base metal or stud. Minimum Minimum
Torque Value Tensile Load
7.6.6.4 Tension Test— Option1. Five test specimens . -
shall be tested using a torque testing arrangement that is Stud Size in. ~Ibf J 1bs ke
substantially in accordance with Figure 7.2. Minimum 10 - 24 10 1.1 770 350
torque values for F-22 alloy studs are shown in Table 7.2. 1/4 - 20 UNC 40 4.5 1360 620
5/16 - 18 UNC 70 79 2300 1045
15. ‘The expelled metal around the base of the stud is desig- 77{2 - ij S]I:Ifg 12(1) I§§ 23(5)8 ;ggg
nated as flash in accordance with the definition of upset in 1/2- 13 UNC o . 5950 Y700
ANSI/AWS A3.0, Standard Welding Terms and Definitians.

1

{
1 g |~ BEND ADAPTER
<
. 12 in. (305 mm) T@
1 |
i
T ~T
1 MAX DIAMETER OF
+ in. (.
BEND 3 ] . STUD + 1/64 in. (4 mm)
ANGLE '1—‘
16° MIN
1
G| HE—
\ | 1-1/4 in. (32 mm)
A ( N j 1
_l (\ D\
\ ~ WELD
in. mm
STUD DIAMETER 1/4 3/8 172 6.4 95 127
. ADAPTER GAP “A" 3/16 7/32 bB/16 & 5.6 8

Figure 7.1 — Stud Weld Bend Jig (see 7.6.6.2)
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Note: The dimensions shall be appropriate to the size of the stud.
The threads of the stud shall be clean and lubricated,

Figure 7.2 — Torque Testing Arrangement
For Stud Welds (see 7.6.6.4)

7.6.6.5 Tension Test— Option 2. Five test specimens
shall be tested in tension using commercial tension test-
ing equipment designed to properly grip the stud and
base metal of the welded specimen. The load shall be
applied axially until the stud fractures. The load at which
the specimen fractures is the ultimate tensile load. Mini-
mum tensile load values for F-22 alloy studs are shown
in Table 7.2, Minimum tensile load values for other
F-number studs shall be determined by the Engineer.

7.6.6.6 Acceptance Criteria— Tension Tests. To pass
the tension test requirements, all five specimens (Option
1 or Option 2) shall meet the torque or tensile load values
established for the stud alloy being qualified.

7.6.6.7 The contractor has the option to bend test the
ten stud weld specimens in lieu of any tension testing.

7.6.7 A stud welding procedure shall be considered qual-
ified if the test specimens mest the requirements of
7.6.6.1, 7.6.6.3 and 7.6.6.5, or 7.6,6.1 and 7.6.6.7.

7.6.8 Welding Procedure Specifications

76.8.1 A Welding Procedure Specification (WPS)
shall be prepared for each stud welding application. The
following information shall be included in the WPS:

(I) Equipment used:

(a) Power supply
(b) Stud gun
(¢) Timing equipment (controller)
(d) Size and length of cable
(2) Stud material
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(3) A sketch showing size and shape of studs and the
section to be welded

(4) Base metal and thickness or thickness limits

(5) Gas shield type and flow

(6) Ferrule identification (number or sketch)

(7) Timer rangg setting

(8) Current and polarity

(9) Amperage range setting

(10) Lift setting

(11) Cleaning methods

7.6.8.2 Welding Procedure Specifications shall be
available for examination by the owner or the owner’s
authorized representative. A suggested WPS Record
form is shown in Appendix E(d).

7.7 Operator and Preproduction
Qualification

7.7.1 Before production welding begins using a particu-
lar WPS, and at the beginning of each day’s or shift’s
production, the first two studs shall be tested using mate-
rial of similar thickness (+ 259%) and of the same material
M-number as the production material.

7.7.2 After visual inspection to determine compliance
with 7.6.6.1, the two studs shall be bent in accordance
with 7.6.6.2.

7.1.3 Failure of either of the studs to meet the criteria
specified in 7.7.2 shall cause the stud welding variables to
be adjusted until two studs welded in accordance with
the provisions of 7.7 pass the inspection requirements. If
the changes to the procedure fall outside the limitation of
variables in 7.6.4, a new Procedure Qualification Test
and Welding Procedure Specification are required.

7.8 Acceptance Criteria — Production
Welds

There shall be evidence of a well-formed circumferen-
tial flash over at least 75% of the periphery of the stud.
There shall be no undercutting of the stud diameter
above the welded joint. Welds failing to conform to these
acceptance criteria shall be repaired in accordance with
7.10.

7.9 Mislocated Studs

7.9.1 When mislocated studs are required to be removed,
they shall be completely removed by chiseling, rotary
filing, thermal cutting or grinding using grinding wheels
designated for use on aluminum.




7.9.2 The area where the mislocated stud was applied
shall be thoroughly wire brushed, as stated in 7.4.2, and
the surface contour of the base metal restored where
required by applying weld filler metal by one of the
welding processes allowed in section 4.

7.10 Repair of Misapplied Studs

During production welding, studs that do not exhibit
flash for a full 75% of the periphery of the stud may be
repaired by adding a fillet weld in the area of the missing
flash. The fillet weld shall meet the requirements of 7.5.4
and extend beyond the area of missing flash. Studs not
meeting the Code requirements of 7.8 other than defi-
cient flash shall be removed and replaced in accordance
with 7.9.

Part C
Capacitor Discharge Stud Welding

7.11 General Requirements

7.11.1 Nonflanged studs shall be limited to a maximum
base diameter of 1/4 in. (6.4 mm), and flanged stud base
diameters shall be limited to a maximum of 5/16 in,
(8 mmy), unless otherwise qualified and approved by the
Engineer.

7.11.2 For contact, gap, and drawn arc capacitor dis-
charge stud welding, the size and shape of the stud tip or
projection, or the weld-end geometry shall be designed to
achieve sound welds. These characteristics and the shank’
shape or configuration shall be as specified in the draw-
ings, specifications, or special provisions,

7.11.3 No ferrule is required.

7.11.4 Shielding gas is not required with the contact or
gap capacitor discharge process. A suitable shielding gas
shall be used with the drawn arc capacitor discharge
process.

7.11.5 The minimum base metal thickness for capacitor
discharge stud welding shall be no less than 25% of the
base diameter of the stud.

7.12 Material Requirements

7.12.1 Studsshall be made from cold drawn or extruded
stock of alloys shown below. Other alloys may be used
with the approval of the Engineer.
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Aluminum Alloys For
Capacitor Discharge Stud Welding Applications

1100 5556
4043 6061
5183 6063
5356

7.12.2 Studs shall not be anodized, painted. or coated
with any foreign substance.

7.12.3 The contractor shall obtain the stud manufactur-
er’s certification that the studs conform to the applicable
requirements of 7.12.

7.12.4 Mechanical testing of aluminum stud alloys
shall be in accordance with the applicable sections of
ASTM BS557, Standard Methods of Tension Testing
Wrought and Cast Aluminum and Aluminum-Alloy
and Magnesium-Alloy Products, or ANSI{AWS B4.0,
Standard Methods for Mechanical Testing of Welds.

7.12.5 Stud bases for capacitor discharge welding studs
may be flanged or nonflanged.

7.13 Workmanship

7.13.1 Studs shall be free from oil, moisture, excessive
oxide, or other deleterious matter that would adversely
affect the welding operation.

7.13.2 Base metal to which studs are to be welded shall
be free of anodic coatings, moisture, or other injurious
material to assure obtaining sound welds. These areas
may be cleaned by etching, brushing with a stainless steel
bristle brush, scraping, or grinding.

7.13.3 Welded studs shall meet the visual inspection
requirements of 7,17,

7.14 Technique

7.14.1 Studs shall be welded with equipment that ensures
the capacitors are fully charged to a preset value before
the stud can be welded.

7.142 When required, welding grade shielding gas
(argon, helium, or helium/ argon mixtures) shall be used.

7.14.3 A wetting agent may be introduced in the weld
area just prior to the weld being made.

7.15 Qualification Requirements

7.15.1 General. Prior to shop or field application, stud
welding procedures shall be prepared and qualified
according to the requirements of 7.15. The results of
these tests shail be recorded on a stud procedure qualifi-
cation record (PQR).

—
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7.15.2 Responsibility for Tests. The contractor shall be
responsible for the preparation and qualification of stud
welding procedures. The Engineer should accept prop-
erly documented evidence of previous qualification of
the stud welding procedures to be employed.

7.15.3 Welding Procedure Qualification

7.15.3.1 Preparation of Stud Welding Procedures.
Stud welding procedures shall be established in accord-
ance with the Limitation of Variables except that a
procedure established for each of two thicknesses of base
metal using the same machine settings and conditions
specified in the procedure qualification record may be
used for all intermediate thicknesses. A suggested PQR
form is shown in Appendix E(e).

7.15.3.2 Welding Position. Qualification in one posi-
tion qualifies for all positions,

7.15.4 Limitation of Variables. Any of the following
changes shall require requalification of the stud welding
procedure:

(1) A change in the base metal M-number

(2) A change in the F-number of the stud alloy or in
the stud alloy, if the stud has no F-number

(3) A change in the nominal size or shape of the stud
base

(4) A change of more than + 25% in the base metal
thickness or thickness range qualified

Table 7.3
Minimum Required Torque Values and
Tension Loads for Capacitor Discharge
Stud Welding (F-22 Aluminum Alloy Studs)

(See 7.15.6.4)

Tension Test: Tension Test:

Option 1 Option 2

Minimum Minimum
Torque Value Tensile Load
Stud Size in.-1bf J Ibs kg
6-32 35 0.4 375 170
9-32 7.5 0.9 635 290
10-24 10 1.1 770 350
1/4 -20 UNC 40 4.5 1360 620
5/16 - 18 UNC 70 79 2300 1045

(5) A change from a single shielding gas to any other
gas, or to a mixture of gases, or a change of 10% or more
in the specified percentage composition of the mixture

(6) A change of more than 109% in the flow rate of the
shielding gas

(7) A change in capacitance (farads)

(8) A change in charging voltage
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(9) A change in base metal form from a flat surface to
a pipe or tube surface having an outside diameter of
12 in. (305 mm) or less, but not the reverse

(10) A change in make or model of welding machine

7.15.5 Preparation of Test Specimens. Ten consecu-
tively welded stud weld test specimens are required
to qualify each welding procedure. Essential welding
information shall be recorded using a form similar to
Appendix E(e).

7.15.6 Procedure Qualification Tests and Acceptance
Criteria

7.15.6.1 The test welds shall have a well-formed cir-
cumferential flash over at least 75% of the periphery of
the welded stud. There shall be no undercutting of the
stud above the welded joint.

7.15.6.2 Five test weld specimens shall be tested by
bending each stud to an angle of at least 15° from the
axis of the stud. The studs shall be left in the bent
condition. A test jig as shown in Figure 7.1 or other
suitable device shall be used for bending.

7.15.6.3 Acceptance Criteria —Bend Tests. To pass
the bend test requirements, all five studs shall exhibit no
visible separation or fracture in the stud weld or heat-
affected zones of the base metal or stud.

7.15.6.4 Tension Test— Option 1. Five test speci-
mens shall be tested using a torque testing arrangement
that is substantially in accordance with Figure 7.2. Min-
imum torque values for F-22 alloy studs are shown in
Table 7.3. Minimum torque values for other F-number
studs shall be determined by the Engineer.

7.15.6.5 Tension Test— Option 2. Five test speci-
mens shall be tested in tension using commercial tension
testing equipment designed to properly grip the stud and
base metal of the welded specimen. The load shall be
applied axially until the stud fractures. The load at which
the specimen fractures is the ultimate tensile load. Min-
imum tensile load values for F-22 alloy studs are shown
in Table 7.3. Minimum tensile load values for other
F-number studs shall be determined by the Engineer.

7.15.6.6 Acceptance Criteria — Tension Tests. To
pass the tension test requirements, all five specimens
(Option ! or Option 2) shall meet the torque or tensile
load values established for the stud alloy being qualified.

7.15.6.7 The contractor has the option to bend test
the ten stud weld specimens in lieu of any tension testing.

7.15.7 A stud welding procedure shall be considered
qualified if the test specimens meet the requirements of
7.15.6.1,7.15.6.3, and 7.15.6.6, or 7.15.6.1 and 7.15.6.7.

7.15.8 Welding Procedure Specifications




7.15.8.1 A Welding Procedure Specification (WPS)
shall be prepared for each stud welding application. The
following information shall be included in the welding
procedure:
(1) Equipment used:
(a) Power control
(b) Stud gun
(c) Size and length of cable
(2) Stud material
(3) A sketch showing size and shape of studs and the
section to be welded
(4) Base metal and thickness or thickness limits
(5) Gas shield type and flow (if applicable)
(6) Capacitance and charging voltage
(7) Drop height
(8) Capacitor discharge method
(9) Cleaning method

7.15.8.2 Welding Procedure Specifications shall be
available for examination by the owner or the owner’s
authorized representative. A suggested WPS Record
form is shown in Appendix E(d).

7.16 Operator and Preproduction
Qualification

7.16,1 Before production welding begins using a partic-
ular WPS, and at the beginning of each day’s or shift’s
production, the first two studs shall be tested using mate-
rial of similar thickness (= 25%) and of the same material
M-number as the production material.

7.16.2 After visual inspection to determine compliance
with 7.15.6.1, the two studs shall be bent in accordance
with 7.15.6.2.

7.16.3 Failure of either of the studs to meet the criteria
specified in 7.16.2 shall cause the stud welding variable
parameters to be adjusted until two studs welded in
accordance with the provisions of 7.16 pass the inspec-
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tion requirements. If the changes to the procedure fall
outside the limitation of variables in 7.15.4, a new
Procedure Qualification Test and Welding Procedure
Specification are required.

7.17 Acceptance Criteria — Production
Welds

There shall be evidence of a well-formed circumferen-
tial flash over at least 75% of the periphery of the stud.
There shall be no undercutting of the stud diameter
above the welded joint. Welds failing to conform to these
acceptance criteria shall be repaired in accordance with
7.19.

7.18 Mislocated Studs

7.18.1 When mislocated studs are required to be
removed, they shall be completely removed by chiseling,
rotary filing, thermal cutting or grinding using grinding
wheels designated for use on aluminum.

7.18.2 The area where the mislocated stud was applied
shall be thoroughly wire brushed, as stated in 7.13.2, and
the surface contour of the base metal restored where
required by applying weld filler metal by one of the
welding processes allowed in section 4, Technique.

7.19 Repair of Misapplied Studs

During production welding, studs that do not exhibit
flash for a full 75% of the periphery of the stud may be
repaired by adding a fillet weld in the area of the missing
flash. The fillet weld shall meet the requirements of 7.5.4
and extend beyond the area of missing flash. Studs not
meeting the Code requirements of 7.17 other than defi-
cient flash shall be removed and replaced in accordance
with 7.18.
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8. Nontubular Statically Loaded Structures

Part A
General Requirements

8.1 Application

This section supplements sections 1 through 6 and isto
be used in conjunction with and as a supplement to the
applicable building code and the associated structural
design specification as specified in the contract docu-
ments. 16

8.2 Base Metal

8.2.1 Base metal to be welded under this Code shall be
one listed in Table 1.1 and conform to the requirements
of the latest edition of the applicable specifications listed
below, except as noted in 8.2.3,

(1) ASTM B26, Standard Specification for Aluminum-
Alloy Sand Castings

(2) ASTM B108, Standard Specification for Aluminum-
Alloy Permanent-Mold Castings

(3) ASTM B209, Standard Specification for Aluminum-
Alloy Sheet and Plate

(4) ASTM B211, Standard Specification for Aluminum-
Alloy Bar, Rod, and Wire

16. The term building code, as used herein, refers to the build-
ing law or specifications adopted by the legal jurisdiction in
which the building is to be constructed. The term, associated
structural design specification refers to the rules and specifi-
cations under which the plans for the work were prepared. In
the absence of a locally applicable building code or other
construction regulations, it is recommended that the design
and construction be made to comply with a specification
adopted by a recognized engineering society, a recognized
Trade Association, or a recognized governmental agency, for
example, The Construction Manual Series of the Aluminum
Association, Section 1, Specifications for Aluminum Structures.
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(5) ASTM B221, Standard Specification for Aluminum-
Alloy Extruded Bar, Rod, Wire, Shapes, and Tubes

(6) ASTM B247, Standard Specification for Aluminum-
Alloy Die and Hand Forgings

(7) ASTM B308, Standard Specification for Aluminum-
Alloy Standard Structural Shapes, Rolled or Extruded

(8) ASTM B361, Standard Specification for Factory-
Made Wrought Aluminum and Aluminum-Alloy Weld-
ing Fittings

8.2.2 Combinations of base metals may be welded
together, provided that due design attention is given to
the possible differences in properties, and the intended
welding procedure is qualified in accordance with 5.2.

8.2.3 When an alloy not listed in Table 1.1 is approved
under the provisions of the associated design specifica-
tions and is considered for use, the procedure to be used
for welding shall be qualified by the contractor in accord-
ance with the qualification requirements of sections 1
through 5 and such other requirements as may be pre-
scribed by the Engineer.

8.2.4 When an alloy not listed in Table 1.1 is proposed as
a substitute material, the contractor shall determine the
weldability and perform any additional tests required by
the Engineer. The contractor shall assume the financial
responsibility for all such tests only if the contractor has
the opportunity to include these costs in the bid pro-
posal. However, when a proposal for use of a substitute
material not listed in Table 1.1 is made after the contract
documents have been signed, the financial responsibility
for the costs of all additional testing shall be assumed by
the party which makes such substitute material proposals.

8.2.5 Extension bars, run-off plates, and permanent
backing shall be of the same M-number as that of the
base metal. Filler plates shall be of the same alloy as the
base metal. Temporary backing shall meet the require-
ments of 4.9.5.

*
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8.3 Filler Metal

The filler metal shall be selected from Table 1.2 for
the base metal or metals used in construction.

Part B
Allowable Stresses

8.4 Allowable Stresses

For allowable stresses!? see Specifications for Alu-
minum Structures of the Aluminum Association’s
Construction Manual or other specification as given
in the contract documents.

Part C
Workmanship

8.5 Dimensional Tolerances

The dimensions of structural members shall be within
the tolerances specified in 3.5, and the following addi-
tional requirements:

8.5.1 Departures from flatness of girder webs shall be
determined by measuring offsets from a straight edge
whose length is not less than the least clear dimension of
the panel, and placed in that location which shows the
maximum departure from the straight edge, and with the
ends of the straight edge adjacent to opposite boundaries
of the panel.

8.5.2 Except as allowed by 8.5.3, departures from flat-
ness of girder webs in panels having a depth, D, and a
thickness, t, in panels bounded by stiffeners or flanges, or
both, and whose least panel dimension is d, shall not
exceed the following:

Proportions of Panel

Placement of D/t = Depth/ Maximum
Stiffeners on Web Thickness Departure
both sides <150 d/100
=150 d/80
one side <100 d/100
=100 d/67
none — D/150

8.5.3 In girders which have been suhpunched and
reamed for a bolted field splice or connection, departures

17. Allowable stresses in heat-treated and work-hardened
structural alloys vary with the alloy and the cxtent of the
heat-affected zone,
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of two times those allowed in 8.5.2 shall be acceptable,
provided that, when the bolted splice or connection is
completed, the final assembly is in accordance with
8.5.2.

8.5.4 If architectural considerations or the associated
structural design specification place more severe restric-
tions than imposed by 8.5.2, specific reference shall be
included in the contract documents.

8.6 Temporary Welds

8.6.1 Temporary welds shall be subject to the same weld-
ing procedure and quality requirements as final welds
(see 3.3.7.2). Their possible effects on the material prop-
erties shall be considered in the design process.

8.6.2 In main stress carrying members of M23, M24,
M25, M26, and M27 base metal, temporary welds, not
incorporated in the final weld, shall be identified on the
shop drawings and approved by the Engineer.

8.7 Weld Termination

Weld terminations shall be subject to the provisions of
4.8. Peening of the weld crater or exposed weld surfaces
is permitted to relieve localized shrinkage stresses.

8.8 Quality of Welds

8.8.1 Visual Inspection. All welds shall be visually
inspected. A weld shall be acceptable by visual inspec-
tion if it shows the following:

(1) The weld has no cracks.

(2) Thorough fusion exists between adjacent layers of
weld metal, and between weld metal and base metal.

(3) Weld profiles are in accordance with 3.6.

(4) Except as provided herein, undercut shall not
exceed the values shown in Figure 8.1 for primary stress
direction category applicable to the area containing the
undercut. The undercut may be twice the value permitted
in Figure 8.1 (for the applicable stress category) for
an accumulated length of 2 in. in any 12 in. (50 mm in
305 mm) length of weld, but in no case may undercut on
one side be greater than 1/16 in. (1.6 mm). For weld
lengths less than 12 in., the permitted length shall be
proportional to the actual length,

(5) A fillet weld in any single continuous weld may
be less than the nominal fillet weld size required by
1/16 in. (1.6 mm) without correction, provided that the
undersized portion of the weld does not exceed 10% of
the length of the weld. On web-to-flange welds in girders,
no undersized fillets are permitted at the ends for a length
equal to twice the width of the flange.

(6) Shrinkage contained entirely within the crater
area of an intermittent fillet weld shall be permitted.
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8.8.2 Radiographic Inspection. Welds that are subject
to radiographic testing in addition to visual inspection
shall have no cracks and shall be unacceptable if the
radiograph shows any of the types of discontinuities
given in 8.8.2.1, 8.8.2.2 and 8.8.2.3.

8.8.2.1 Individual discontinuities, having the greatest
dimension of 3/32 in. (2 mm) or greater, shall not have
the following:

(1) A discontinuity with greatest dimension larger
than 2/3 of the weld size, or 3/4 in. (19 mm), or

(2) Adiscontinuity closer than three times its greatest
dimension to the end of a groove weld subject to primary
tensile stress

8.8.2.2 A group of in-line discontinuities, some hav-
ing a dimension of 3/32 in. (2.4 mm) or greater, shall not
have the following:

(1) The sum of the greatest dimensions of all disconti-
nuities within a length equal to six times the weld size
greater than the weld size (when the length of weld being

" Nontubular Statically Loaded Structures/95

examined is less than six times the weld size, the permis-
sible sum of the greatest dimensions shall be proportion-
ally less than the weld size), or

(2) A space between two adjacent discontinuities is
less than three times the greatest dimension of the larger
of the discontinuities in the pair under consideration

8.8.2.3 The sum of the greatest dimensions of a group
of in-line relevant discontinuities smaller than 3/32 in.
(2.4 mm) in any linear inch of weld shall not exceed
3/8in. (10 mm). Only that porosity whose major dimen-
sion exceeds 1/32 in. (0.8 mm), shall be considered in
evaluating the radiographic soundness criteria.

8.8.3 Ultrasonic Testing. When ultrasonic testing is
required by the contract documents, the testing proce-
dure and acceptance criteria shall be specified therein.

8.8.4 Liquid Penetrant Inspection. Welds that are sub-
ject to liquid penetrant inspection shall be unacceptable
if the inspection confirms the presence of surface cracks
which render the weld unacceptable on the basis of the
requirements for visual inspection.
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Figure 8.1 — Permissible Undercut Values for Nontubular Statically
Loaded Structures (see 8.8.1)
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9. Nontubular Dynamically Loaded Structures

Part A
General Requirements

9.1 Application

This section supplements sections 1 through 6 and is to
be used in conjunction with and as a supplement to the
associated structural design specification for the design
and construction of nontubular dynamically loaded
structures, as specified in the bid proposal and contract
documents. 18

9.2 Base Metal

9.2.1 The base metal to be welded under this Code shall
be one listed in Table 1.1 and shall conform to the
requirements of the latest edition of the applicable speci-
fication listed below except as noted in 9.2.3;

(1) ASTM B209, Standard Specification for Alu-
minum-Alloy Sheet and Plate

(2) ASTM B211, Standard Specification for Alu-
minum-Alloy Bar, Rod, and Wire

(3) ASTM B221, Standard Specification for Alu-
minum-Alloy Extruded Bar, Rod, Wire, Shapes, and
Tubes

(4) ASTM B247, Standard Specification for Alu-
minum-Alloy Die and Hand Forgings

18. The term, associated structural design specification, refers
to the rules and specifications under which the plans for the
work were prepared. In the absence of a locally applicable code
or other construction regulations, it is recommended that the
design and construction be made to comply with a specification
developed and adopted by a recognized engineering society, a
recognized trade association, or by a recognized governmental
agency; for example the Specifications for Structures of Alu-
mtinum Alloys Papers Nos. 3341 and 3342, Reports of the Task
Committee on Lightweight Alloys, Committee on Metals,
Structural Division, American Society of Civil Engineers.
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(5) ASTM B308, Standard Specification for Alu-
minum-Alloy Standard Structural Shapes, Rolled or
Extruded

(6) ASTM B361, Standard Specification for Factory-
Made Wrought Aluminum and Aluminum-Alloy Weld-
ing Fittings

9.2.2 Combinations of base metals may be welded
together, provided the design process considers the pos-
sible differences in properties and the welding procedure
is qualified in accordance with 5.2.

9.2.3 When an alloy not listed in Table 1.1 is approved
under the provisions of the associated design specifica-
tions and is considered for use, the procedure to be used
for welding shall be qualified by the contractor in accord-
ance with the qualification requirements of sections 1
through 5 and such other requirements as may be pre-
scribed by the Engineer.,

9.2.4 When an alloy not listed in Table 1.1 is proposed as
a substitute material, the contractor shall determine the
weldability and perform any additional tests required by
the Engineer. The contractor shall assume the financial
responsibility for all such tests only'if the contractor has
the opportunity to include these costs in the bid pro-
posal. However, when a proposal for use of a substitute
material not listed in Table 1.1 is made after the contract
documents have been signed, the financial responsibility
for the cost of all additional testing shall be assumed by
the party which makes such substitute material proposals.

9.2.5 Extension bars, run-off plates, and permanent
backing shall be of the same M-number as that of the
base metal. Filler plates shall be of the same alloy as the
base metal. Temporary backing shall meet the require-
ments of 4.9.5.

9.3 Filler Metal

The filler metal shall be selected from Table 1.2 for
the base metal or metals used in construction.

—
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Part B
Allowable Stresses

9.4 Allowable Stresses

For allowable stresses see Specifications for Alu-
minum Structures, of the Aluminum Association
Construction Manual (see Appendix A) or other speci-
fication as given in the contract documents.!®

Part C
Workmanship

9.5 Dimensional Tolerances

The dimensions of structural members shall be within
the tolerances specified in 3.5 and the following addi-
tional requirements:

9.5.1 Departures from flatness of girder webs shall be
determined by measuring offsets from.a straight edge
whose length is not less than the least clear dimension of
the panel and placed in that location which shows the
maximum departure from the straight edge, and with the
ends of the straight edge adjacent to opposite boundaries
of the panel,

9.5.2 Except as allowed in 9.5.3, departures from flat-
ness of webs having a depth, D, and a thickness, t, in
panels bounded by stiffeners or flanges, or both, and
whose least panel dimension is d, shall not exceed the
following:

Proportions Maximum
Placement of of Panel Departure
Stiffeners D/t=Depth/  Interior  Facia
on Web Thickness Girders  Girders
both sides <150 d/115 d/ 130
=150 d/92 d/ 105
one side <100 d/100 ~df120
=100 dje7 d/80
none — D/150  D/150

9.5.3 In girders which have been subpunched and
reamed for a bolted field splice or connection, departures
of two times those allowed in 9.5,2 shall be acceptable,
provided that when the bolted splice or connection is
completed, the web assumes an allowable departure.

19, Allowable stresses in heat-treated and work-hardened
structural alloys vary with the alloy and the extent of the
heat-affected zone,
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9.5.4 If architectural considerations or the associated
structural design specification place more severe restric-
tions than imposed in 9.5.2, specific reference shall be
included in the bid documents and contract.

9.6 Temporary Welds

9.6.1 Temporary welds shall be subject to the same weld-
ing procedure and quality requirements as final welds.
Their possible effects on the material properties shall be
considered in the design process.

9.6.2 In main stress carrying members of M23, M24,
M25, M26, or M27 materials, temporary welds not
incorporated in the final weld shall be identified on the
shop drawings and approved by the Engineer,

9.7 Weld Terminations

9.7.1 Weld terminations shall be subject to the provi-
sions of 4.8. Peening of the weld crater on exposed weld
surfaces is permitted to relieve localized shrinkage
stresses.

9.7.2 Groove and fillet weld terminations in primary
structures subject to fatigue loads shall require weld
terminations made by the following techniques:

(1) reversing the direction of travel for a minimum
distance of 2 in. (50 mm), or

(2) increasing travel speed to reduce crater size or

(3) both (1) plus (2), or

(4) providing buildup of metal, and removing the
crater and buildup using mechanical means.

9.8 Quality of Welds

9.8.1 Visual Inspection. All welds shall be visually
inspected. A weld shall be acceptable by visual inspec-
tion if it shows that:

(1) The weld has no surface cracks.

(2) Thorough fusion exists between adjacent layers of
weld metal and between weld metal and base metal.

- (3) All craters are filled in accordance with 9.7.2.

(4) Weld profiles are in accordance with 3.6.

(5) Undercut shall not exceed the limits shown in
Table 9.1. :

(6) Afillet weld in any single continuous weld may be
less than the nominal fillet weld size required by /16 in.
(1.6 mm) without correction, provided that the under-
sized portion of the weld does not exceed 10% of the
length of the weld. On web-to-flange welds on girders, no
undersized fillet weld is permitted at the ends for a length
equal to twice the width of the flange.




—
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Table 9.1
‘ Permissible Undercut Values (see 9.8.1)
Maximum
. Undercut
Primary Stress
Thickness Direction in. mm
1/8to 1 in., incl. Transverse 0.01 0.25
(3.2 mm to 25.4 mm)
Over 1 in. (25.4 mm) Transverse 1/32 0.8
All thicknesses Parallel or none 1/32 0.8

9.8.2 Radiographic Examination. The extent of radio-
graphic examinations shall be as specified in the bid
contract documents. Welds shall be unacceptable if the
radiographs show any cracks or any of the types of
discontinuities specified in 9.8.2.1 through 9.8.2.4.

9.8.2.1 Porosity —with sharp tails.

9.8.2.2 Porosity, (defined in Table 9.2, Notes 1 and 2).
Maximum permissible porosity in radiographs per 3 in.
(75 mm) length of weld is shown in Table 9.2 and defined
in (1) through (5) as follows:

Nontubular Dynamically Loaded Structures/99

(1) Assorted porosity is acceptable, provided that
the combination of the various sizes does not exceed the
total area of indications permitted for a 3 in. (75 mm)
length of weld.

(2) For welds of larger size than considered in Table
9.2, the total area of porosity as determined from the
radiographic film shall not exceed 0.067E square inches
in any 3 in. (75 mm) length of weld, where E is the weld
size. If the weld is less than 3 in. long, the total allowable
area of porosity shall be reduced in direct proportion.

(3) The maximum dimension of porosity shall be
27% of E, or 1/8 in. (3.2 mm), whichever is smaller
except that an isolated indication separated from an
adjacent large indication by 1-1/4 in. (32 mm) or more
may be E/3, or 1/4 in. (6.4 mm), whichever is less.

(4) Aligned porosity shall be acceptable provided that
the sum of the major dimensions of the indications is not
more than E/2 in a length of 6E, or 3 in. (75 mm),
whichever is less. A sequence of four or more pores shall
be considered to be aligned when they touch a line
parallel to the length of the weld drawn through the
center of the outer pores.

Table 9.2
Maximum Acceptable Porosity 2 in Radiographs for Any 3 in. (75 mm)
Length of Weld (Nontubular and Dynamically Loaded) (see 9.8.2)

Large Pores Medium Pores Fine Pores
(E) Total Area* Major Major Major
Weld Size? Permitted Dimension Max Dimension Max Dimension Max
(in)) (sq. in.) (in.) No. (in.) No. (in.) No.
1/8 0.008 0.033 9 0.025 16 0.018 31
1/4 0.017 0.067 4 0.032 21 0.020 54
3/8 0.024 0.100 3 0.037 23 0.022 65
1/2 0.033 0.125 2 0.041 25 0.026 62
5/8 0.042 0.125 3 0.043 28 0.029 63
Large Pores Medium Pores Fine Pores
(E) Total Area? Major Major Major
Weld Size? Permitted Dimension Max Dimension Max Dimension Max
(mmy) (sq. mm) (mm) No. (mm) No. (mm) No.
32 5 0.84 9 0.64 16 0.46 31
6.4 11 1.70 4 0.81 21 0.50 54
9.5 15.5 2.54 3 0.94 23 0.56 65
12.7 21 317 2 1.04 25 0.66 62
16 27 3.17 3 1.09 28 0.74 63

Notes:

1. Porosity may be circular, elliptical, conical, or irregular in shape. The major dimension shall be measured in determining the size of an indication.

3. Values for intermediate sizes shall be determined by interpolation.

The porosity may be a void or a tungsten or non-metallic inclusion. Copper or ferrous inclusions shall not be permitted in the welds.

2. Only that porosity whose major dimension exceeds 1/64 in. (0.4 mm) shall be considered relevant in evaluating the radiographic soundness criteria.

4. The maximum number of pores allowed is determined by the total area permitted for the type of pore (large, medium, or fine) being counted.
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9.8.2.3 Inadequate Joint Penetration. The length 9.8.3 Ultrasonic Testing. When ultrasonic testing is

shall not exceed 20% of the length of the weld. required by the contract documents, the testing proce-
dure and acceptance criteria shall be specified therein.

9.8.2.4 Incomplete Fusion. None shall be accepted, 9.8.4 Liquid Penetrant Inspection. Welds that are sub-
except in the fillet weld root area under the following ject to liquid penetrant inspection shall be unacceptable
condition; incomplete fusion in the fillet weld root area if the inspection confirms the presence of surface cracks
may be classified as inadequate joint penetration when it which render the weld unacceptable on the basis of the
is less than 20% of the weld size, E. requirements for visual inspection.
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10. Tubular Structures

Part A
General Requirements

10.1 Application

10.1.1 This section supplements Sections 1 through 6
and shall be used in conjunction with an associated
structural design specification for structures in which the
loads are carried primarily by tubular members.20 It is
not intended to apply to pressure vessels or pressure
piping, but may be applicd to their supporting structures.

10.1.2 This section recognizes two classes of tubular
structures with different workmanship requirements.
Unless otherwise specified, structures of the type identi-
fied in Standard Specifications for Structural Supports
for Highway Signs, Luminaires, and Traffic Signals,
published by the American Association of State High-
way and Transportation Officials (Appendix A) are
Class I structures.?! All other structures are Class IT
structures. Many of the requirements (dimensional and
weld quality) are more stringent for Class IT structures.

10.1.3 Due to the generally anticipated smaller size of
Class I members, the joint configurations shown in Fig-
ures 10.1, 10.2, and 10.3 shall apply to Class Il structures
only.

20. The term associated struciural design specification, refers
to the rules and specifications under which the plans for the
structure were prepared. In the absence of a locally applicable
building code or other construction regulations, it is recom-
mended that the design and construction be made to comply
with a specification adapted by a recognized engineering
society, a recognized trade association, or a recognized govern-
mental agency.

21. There are certain support structures in AASHTO specifi-
cations which should be given special consideration because of
their configuration and loadings.
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10.2 Base Metal

10.2.1 Base metal to be welded under this code shall be
one listed in Table 1.1 and shall conform to the require-
ments of the latest edition of the applicable specification
listed below, except as noted in 10.2.3:

(I) ASTM B26, Standard Specification for Alumi-
num-Alloy Sand Castings

(2) ASTM BI108, Standard Specification for Alumi-
num Alloy Permanent Mold Castings

(3) ASTM B209, Standard Specification for Alumi-
num and Aluminum Alloy Sheet and Plate

(4) ASTM B210, Standard Specification for Alumi-
num Alloy Drawn Seamless Tubes

(5) ASTM B211, Standard Specification for Alumi-
num-Alloy Bar, Rod, and Wire

(6) ASTM B221, Standard Specification for Alumi-
num and Aluminum Alloy Extruded Bars, Rods, Wire,
Shapes, and Tubes

(7) ASTM B241, Standard Specification for Alumi-
num and Aluminum Alloy Seamless Pipe and Seamless
Extruded Tube

(8) ASTM B247, Standard Specification for Alumi-
num Alloy Die and Hand Forgings

(9) ASTM B308, Standard Specification for Alumi-
num Alloy 6061-T6 Standard Structural Shapes, Rolled
or Extruded

(10) ASTM B313, Standard Specification for Alumi-
num and Aluminum Alloy Round Welded Tubes

(11) ASTM B361, Standard Specification for Factory-
Made Wrought Aluminum and Aluminum-Alloy Weld-
ing Fittings

(12) ASTM B429 Standard Specification for Alumi-
num-Alloy Extruded Structural Pipe and Tube

(13) ASTM B483, Standard Specification for Alumi-
num-Alloy Drawn Tubes for General Purpose Appli-
cations

10.2.2 Combinations of base metals may be welded,
provided that design consideration is given to possible
differences in properties, and the intended welding
procedure is qualified in accordance with 5.2.

—
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Figure 10.1 — Parts of Tubular Connections (see 10.5.1)
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Figure 10.1 (continued) — Parts of Tubular Connections (see 10.5.1)
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Figure 10.1 (continued) — Parts of Tubular Connections (see 10.5.1)
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Figure 10.2 — Complete Joint Penetration Box Connections (see 10.5.2)

10.2.3 When an alloy not listed in Table 1.1 is approved
under the provisions of the associated structural design
specification and is considered for use, the procedure to
be used for welding it shall be qualified by the fabricator
or contractor in accordance with the qualification
requirements of sections 1 through 5 and such other
requirements as prescribed by the Engineer.

10.2.4 When an alloy not listed in Table 1.1 is proposed
as a substitute material, the contractor shall determine
the weldability and perform any additional tests required
by the Engineer. The contractor shall assume the finan-
cial responsibility for all such tests only if the contractor
has the opportunity to include these costs in the bid
proposal. However, when a proposal for use of a substi-
tute material not listed in Table 1.1 is made after the
contract documents have been signed, the financial
responsibility for the costs of all additional testing shall
be assumed by the party that made such substitute mate-
rial proposals,

10.3 Filler Metal

The filler metal shall be selected from Table 1.2 for
the base metal or metals used in construction.
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Part B
Allowable S'tresses

10.4 Allowable Stresses

Allowable stresses?? shall be as given in Specifica-
tions for Aluminum Structures— Construction Manual
Series, Section 1 or other specifications as given in the
Contract Documents,

Part C
Details of T-, Y-, and K-Connections

10.5 Tubular Branch Connections

10.5.1 A branch connection (see Figure 10.1) shall be
classified as follows:23

22. Allowable stresses in heat-treated and work-hardened
structural alloys vary with the alloy and the extent of the
heat-affected zone.

23. The connections shown in Figures 10.1, 10.2, and 10.3 are
applicable to Class II structures only.

—
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angle between main and branch
members is between 80° and 90°.
angle between main branch mem-
bers is 80° or less.

two branches in the same plane, on
the same member, and the intersec-
tions of their axis with the axis of
the main member are spaced less
than three times the diameter or
least face dimension of the main
member. Angles of intersection of
branch members need not be equal.
—cross connection two branches in the same plane, on
opposite sides of the main member,
where their axes are in a straight
line.

—T-connection
— Y-connection

—K-connection

Some variations of tubular connections are shown in
Figure 10.1.

10.5.2 The regions of a branch connection shall be classi-
fied as shown in Figures 10.2 and 10.3 on the basis of the
local dihedral angle between the surface generators of
the main and branch members.

Part D
Workmanship Class I Structures

10.6 Dimensional Tolerances

10.6.1 Dimensional tolerances for fillet welds shall be as
stated in 10.12.2,

10.6.2 Dimensional tolerances for complete joint pene-
tration groove welds shall be as stated in contract
documents.

10.7 Finishing Cut Edges

When welding cast or wrought material to wrought
material, plasma arc cuts need not have any machining
performed on the cut edge of the wrought material prior
to welding.

10.8 Temporary Welds

In Class I structures, temporary welds need not be
made in accordance with a welding procedure. However,
temporary welds shall be removed flush with the sur-
rounding metal.

10.9 Weld Terminations

10.9.1 Weld terminations shall be subject to the provi-
sions of 4.8. Pcening of weld craters on exposed weld
surfaces is permitted to relieve localized shrinkage

stresses.
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10.9.2 Weld terminations around the circumference of
piping and tubing shall overlap the weld start by a mini-
mum of 1/2 in. (13 mm) for circumferences through
18 in. (460 mm) and ! in. (25 mm) for circumferences
greater than 18 in.

10.9.3 Fillet weld craters shall be filled to the full cross
section of the weld or repaired in accordance with 3.7.

10.10 Quality of Welds

Inspections shall be performed by visual examination
with acceptance.criteria as shown in Table 10.1. Any
other requirements for inspection and commensurate
acceptance levels shall be stated in the contract docu-
ments, See Figure 10.4.

10.11 Repair of Defective Base Metal
and Defective Welds

Repairs shall be carried out in accordance with 3.7.

Part E
Workmanship Class II Structures

10.12 Dimensional Tolerances

10.12.1 The ends of branch members which are to be
welded with complete joint penetration welds shall be
shaped: by a machining operation to fit snugly with the
main member at an angle within 5° of the intersection
angle shown on the drawing. The edge shall be trimmed
to produce a satisfactory welding edge as shown in Fig-
ures 10.2 and 10.3.

10.12.2 The parts to be joined by fillet welds shall be
fitted as closely as practicable, and in no case be sepa-
rated by more than 3/32 in. (2 mm). If the separation is
1/16 in. (1.6 mm) or more, the leg of the fillet weld shall
be increased by the amount of the separation.

10.12.3 The separation between faying surfaces of lap
joints or butt joints, or both, landing on a backing shall
not exceed 1/16 in. (1.6 mm). Where irregularities in
rolled or extruded shapes, after straightening, prevent
contact within the above limit, the procedure to be used
to bring the separation within the limiting value shall be
approved by the Engineer. The use of filler plates is
prohibited, unless specified on the drawing or approved
by the Engineer and made in accordance with 2.4,

10.12.4 Abutting parts to be joined by girth welds shall
be carefully aligned. Girth welds shall not be closer
together than the smaller of the pipe diameter or 3 ft
(0.9 m). There shall be no more than two girth welds in
any 10 ft (3 m) interval of pipe, except as may be
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(See Detail A Below) {See Detail B Below) (See Detail C Below) {See Detail D Below)
End preparation (w)
max aQe* *
min 10° or 10°
45° for ¥ > 106°
GTAW GMAW GTAW GMAW e
1) 1 {1) (1) W max. ¢
1/4in. | GTAW
@mm) | (@ f1/8in.@mm) 250400
for ¢>45° 3/16in. (5 mm) 15° -25°
Fitup of root 5/16 in.
opening (R) 3/16in. | 3/16in. 1/4in. . (8¢r;'235°
max 5 mm 5 mm 6 mm) or o
— ( - ) { ) { : - 1/8in. (3 mm)  30°-40°
1/16in, 1/16in. 1716in. | 1/16in. | GMAW } 1/4in. (6 mm)  25° - 30°
(1.6 mm) [ (1.6mm) | (1.6mm) [ (1.6mm) | (1) (2) ) 3/8in. (10 mm) 20° - 25°
No min No min 1/2in. (13 mm} 15°-20°
for >90° lfor $>120°
90° ¥= 105° more use Detail B
max
min 37-1/2° it
46° less use Detail C vzy
Completed weld >t,/sin ¥
=ty =ty, for but need not =21,
tw ¥> 90° exceed 1,751,
L ty/sin ¥ =t,/sin ¥ for Weld may be
but need not =< 90° built up to
exceed 1.75t, meet this

* Otherwise as needed to obtain required ¢
** initial passes of back up weld discounted until width of groove {W) is sufficient to assure sound welding; the necessary width of weld groove
{w) provided by back-up weld

Notes:

1. Detail for GTAW also applies to GMAW for which the root pass is made by GTAW.

2. In details C and D back-up weld may be made by GTAW.

BUILD UP AS REQUIRED

)\ TO MAINTAIN T
LN

A

v
i B
—
R ROOT
FACE
010
1/6in.
] Q\ ~“'(1.ﬁmm)
¥>90°
DETAIL A

ROQT FACE

]
L]

>

t, = wall thickness of branch member

t,, = weld size (effective throat)

OR INSIDE y
BEVEL
OPTIONAL N
d h \ w
i I I
BACK UPWELD 7}  THEORETICAL
MADE FROM WELD
. OUTSIOE
/7\ T t
© <80
o<80°
DETAILC BACK UP WELD
¢\ y MADE FROM ¥ ANDS
\ OUTSIDE ) |
1 Y 1 i
R THEORETICAL
WELD
1 1
K3 L
DETAIL B DETAIL D

Figure 10.3 — Complete Joint Penetration Circular — Tubular Joints for T-, Y-, and
K-Connections Made by Gas Tungsten Arc and Gas Metal Arc Welding (see 10.5.2)
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Table 10.1
Acceptance Criteria — Class | Structures (see 10.10) .
Description Limit
Undercut Regardless of length, undercut shall not exceed the value shown in Figure 10.4 for the

primary stress direction category applicable to the area containing the undercut. Further, the
undercut may be twice the value permitted by Figure 10.4 (for the applicable stress category)
for an accumulated length of 2 in. in any 12 in, (50 mm in 305 mm) length of weld, but in no
case may undercut on one side be greater than 1/16 in. (1.6 mm). For weld lengths less than

12 in. (305 mm), the permitted length should be proportional to the actual length.
Underfill of groove welds None,
Reinforcement of groove welds 1/8 in, maximum (3.2 mm).

Scratch or burn marks

Depth Same as undercut.
Fillet weld throat
Convexity 0.15 S + 0,060 in, (1.5 mm), where S = longest specified leg size
Concavity Throat shall not be undersize. See Figure 3.2 for acceptable and unacceptable weld profiles.
Cracks None shall be accepted.
wo? MEMBER THICKNESS, mm
0.08 [T I I 2.00
NO CALCULATED STRESS
m) 0.07 - 180 @
o =]
@ _/ 160
5 0.0625 —r Lf— . g
g ane| / / S
¢
Z 0.05 /{\ 1258 Z
£ / / PRIMARY TENSILE STRESS E
T 0.04 7 PARALLEL TO UNDERCUT: 100 E
T ! / SHEAR, COMPRESSION IN =
u ANY DIRECTION a.
[a) 0.03 1 Foe—TF ¥ 075 w
= I I I a
8 | ] PRIMARY TENSILE STRESS o
& 0.02 4 TRANSVERSE TO UNDERCUT 0.50 %
a
=4 a
=2 0.01 025 Z
||
© oo 1 2 3 4 5 6
pagr gt}
™M o

MEMBER THICKNESS, in.

Figure 10.4 — Permissible Undercut Value for Total Length of
Joint — Class I Tubular Structures (see 10.10)

approved by the Engineer. Radial offset of abutting edges
at a girth weld shall not exceed 30% of the wall thickness
or 1/4 in. (6 mm), whichever is smaller. If the offset
exceeds 1/8 in, (3 mm), the joint shall be welded from
both sides. For joints that cannot be welded from both
sides, the radial offset shall not exceed 1/8 in, (3 mm).

10.12.5 Longitudinal weld seams of adjoining sections
shall be staggered a minimum of 90° unless closer spac-
ing is approved by the Engineer.
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10.12.6 Variations in welding groove details from those
shown on the detail drawings shall be in accordance with
those shown in 3.3.2. In addition, variations from the
joint detail for welds made from one side only without
backing shall not exceed the following:

* 1/32in. (1 mm)
+ [/16in. (1.6 mm)
+5°

Root face of joint
Root opening
Groove angle
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10.12.7 Tolerances for tubular members shall be those
specified in 3.5 wherein the term column is interpreted as
a tubular compression member which may have longi-
tudinal welding,

10.13 Temporary Welds

10.13.1 Temporary welds shall be subject to the same
welding procedure and quality requirements as final
welds (see 3.3.7). Their possible effects on the material
properties shall be considered in the design process.

10.13.2 In main stress-carrying members, temporary
welds not incorporated in the final weld shall be identified
on the shop drawings for these members for approval by
the Engineer.

10.14 Weld Terminations

10.14.1 Weld terminations shall be subject to the provi-
sions of 4.8. Peening of weld craters on exposed weld
surfaces is permitted to relieve localized shrinkage
stresses.

10.14.2 Craters existing in tack welds that are to be
incorporated into groove welds or in root or inter-

Tubular Structures/ 109

mediate passes of groove welds, shall be removed by
mechanical means prior to subsequent welding,

10.14.3 Weld terminations in pipe and tubing shall over-
lap the weld start by a minimum of [ in. (25 mm).

10.14.4 Groove and fillet weld terminations shall be
made by any of the following techniques, or any combi-
nation thereof:

(1) by increasing the travel speed to reduce the crater
size, or

(2) bystopping travel speed to allow significant build-
up of weld metal to allow complete removal of the weld
crater by mechanical means

10.15 Quality of Welds

10.15.1 Visual Inspection. All welds shall be inspected
visually. For any weld to be acceptable, discontinuities
shall not exceed the limitations shown in Table 10.2.

10.15.2 Radiographic Examination. The extent of
radiographic examinations shall be as specified in the bid
contract documents, Welds shall be unacceptable if the
radiographs show any cracks or any of the types of
discontinuities specified in 10.15.2.1 through 10.15.2.4,

Table 10.2
Acceptance Criteria — Class Il Structures (see 10.15.1)

Description

Limit

Undercut
Length, each undercut
Depth
Distance between undercuts

Underfill (Applies to penetration and
reinforcing beads of complete
joint penctration groove welds.)

Depth

2.0 in. (50 mm), minimum,

0.20 in. (5 mm), maximum.

15% of minimum base metal thickness, maximum.

15% maximum of the minimum base metal thickness. For complete joint penetiration

groove welds, an underfill condition of the reinforcing and penetration beads shall not be
permitted to coincide at any given length of the weld.

Length, each
Length, cumulative

Scratch or burn marks
Depth

Fillet weld throat
Convexity

Concavity

Cracks

None shall be accepted.

0.75 in, (19 mm), maximum.

Not more than 1.5 in. (38 mm) in any 6 in. (150 mm) of weld.
15% of minimum base metal thickness, maximum.

20% of theoretical throat, maximum.

Permissible only if required throat depth is maintained.
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10.15.2.1 Porosity with sharp tails shall not be
allowed.

10.15.2.2 Maximum permissible porosity in any 3 in.
(75 mm) length of weld is shown in Table 10.3 and
defined in (1) through (4) below. Porosity may be circu-
lar, elliptical, conical, or irregular in shape. The porosity
may be a void or a void-like indication or solid tungsten
or nonmetallic inclusion. Copper or ferrous inclusions
shall not be permitted in welds. Only porosity whose
major dimensions exceed 1/64 in. (0.4 mm) shall be
considered relevant in evaluating radiographic sound-
ness criteria.

(1) Assorted porosity is acceptable, providing the
combination of the various sizes does not exceed the
total area of indications permitted for a 3 in. (75 mm)
length of weld.

(2) For welds of larger size than considered in Table
10.3, the total area of porosity, as determined from
the radiographic film, shall not exceed 0.067E square
inches in any 3 in, (75 mm) length of weld where E is the
weld size. If the weld is less than 3 in. long, the total
allowable area of porosity will be reduced in direct

~TAUS D1.2 90 WM 07842k5 0010kL3Y 3 mm

(3) The maximum dimension of porosity shall be
26.7% of E or 1/8 in. (3 mm), whichever is smaller,
except that an isolated indication separated from an
adjacent large indication by 1-1/4 in. (32 mm) or more
may be E/3 or 1/4 in. (6 mm), whichever is less.

(4) Aligned porosity will be acceptable, provided that
the sum of the major dimensions of the indications is not
more than E/2 in a length of 6E or 3 in. (75 mm),
whichever is less. A sequence of four or more pores shall
be considered to be aligned when they touch a line
parallel to the length of the weld drawn through the
center of the outer pores.

10.15.2.3 The length of inadequate joint penctration
shall not exceed 20% of the length of weld.

10.15.2.4 Incomplete fusion will not be accepted,
except in the fillet weld root ‘area under the following
condition: incomplete fusion in the fillet weld root area
may be classified as inadequate joint penetration when it
is less than 20% of the weld size, E.

10.15.3 Ultrasonic Testing. When ultrasonic testing is
required by the contract documents, the testing proce-

3. Values for intermediate sizes shall be determined by interpolation,
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proportion, dure and acceptance criteria shall be specified therein.
Table 10.3
Maximum Acceptable Porosity -2 in Radiographs for Any
3 in. (756 mm) Length of Weld (Tubular) (see 10.15.2)
Large Pores Medium Pores Fine Pores
(E) Total Areat Major Major Major

Weld Size3 Permitted Dimension Max Dimension Max Dimension Max
(in.) (sq. in.) (in.) No. (in.) No. (in.) No.

1/8 0.008 0.033 9 0.025 16 0.018 31

1/4 0.017 0.067 4 0.032 21 0.020 54

3/8 0.024 0.100 3 0.037 23 0.022 65

1/2 0.033 0.125 2 0.041 25 0.026 62

5/8 0.042 0.125 3 0.043 28 0.029 63

Large Pores Medium Pores Fine Pores
(E) Total Area? Major Major Major

Weld Size3 Permitted Dimension Max Dimension Max Dimension Max
(mm) (sq. mm) (mm) No. (mm) No. (mm) No.

32 5 0.84 9 0.64 16 0.46 31

6.4 11 1.70 4 0.81 21 0.50 54

9.5 15.5 2.54 3 0.94 23 0.56 65

12.7 21 3.17 2 1.04 25 0.66 62

16 27 3.17 3 1.09 28 0.74 63

Notes:

1. Porosity may be circular, elliptical, conical, or irregular in shape. The major dimension shall be measured in determining the size of an indication.
The porosity may be a void or a tungsten or non-metallic inclusion. Copper or ferrous inclusions shall not be permitted in the welds.

2. Only that porosity whose major dimension exceeds 1/64 in. (0.4 mm) shall be considered relevant in evaluating the radiographic soundness criteria.

4, The maximum nugber of pores aliowed is determined by the total area permitted for the type of pore (large, medium, or fine) being counted.
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10.15.4 Liquid-Penetrant Inspection. Welds that are
subject to liquid penetrant inspection shall be unaccept-

‘ able if the inspection confirms the presence of surface
cracks which render the weld unacceptable on the basis
of the requirements for visual inspection.

Tubular Structures/111

10.16 Repair of Defective Welds

Welds identified as defective by visual, radiographic,
dye penetrant, or ultrasonic examination, or any combi-
nation thereof, shall be corrected as specified in 3.7.

Copyright by the American Welding Society Inc
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11. Strengthening and Repairing Existing Structures

11.1 General

The provisions of this section amplify or supersede
provisions in the other sections in their application to the
strengthening or repairing, or both, of existing struc-
tures. Strengthening may be required because of changes
in the nature or magnitude of loading; repairs may
be required because of deterioration by corrosion or
damage.

11.2 Materials

11.2.1 The types of base metal involved shall be deter-
mined before preparing the drawings and specifications
covering the strengthening or repair of an existing
structure,

11.2.2 Where different base alloys are to be joined, spe-
cial consideration shall be given to the selection of the
filler metal and welding procedure.

11.3 Design

11.3.1 As part of the design procedure, the following
shall be determined:

11.3.1.1 The character and extent of deterioration
or damage to the parts and connections that require
strengthening or repair

11.3.1.2 Whether the work consists only of restoring
corroded or otherwise damaged parts, or replacing
members in their entirety

11.3.2 A complete study of the loads and stresses shall
be made if the design for strengthening goes beyond the
restoration of corroded or otherwise damaged members.
Allowance shall be made for fatigue stresses to which
members may be subjected.

11.3.3 Members subject to cyclic loading shall be
designed in accordance with the design rules and stresses
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of the associated structural design code.2* When the
previous loading history of the structure is available,
consideration shall be made to equalize the anticipated
remaining lives of elements of the existing structure and
the anticipated lives of the added or replacement parts,

11.4 Workmanship

11.4.1 Surfaces of old material which are to be covered
by repair or reinforcing material shall be cleaned of dirt
and other foreign matter except adherent paint film, If so
specified, these areas shall be given a protective coating
of paint, corrosion inhibitor, or similar material. The
portions of such surfaces on which weld metal is to be
deposited shall be cleaned thoroughly of all foreign mat-
ter, including paint film, for a distance of 2 in. (50 mm)
on each side of the fusion zone.

11.4.2 Edges of members to be welded that have been
reduced in thickness by corrosion or wear to less than the
size of the specified weld shall be cut back to thicker
material to provide a thickness equal to the size of the
specified weld, or replaced.

11.4.3 Structural elements under stress shall not be
removed or reduced in section, except as specified by the
plans or allowed by the Engineer, The stability and safety
of the structure shall be maintained.

11.5 Special

11.5.1 The Engineer shall determine whether a member
will be permitted to carry live-load stress while welding is
being performed on it, taking into consideration the

24. The term associated structural design code refers to the
rules and specifications under which the plans for the work
were prepared.
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extent of the heating of the member (both temperature
and volume of material) which results from the welding
operation.

11.5.2 When material is being added to a member carry-
ing a dead-load stress in excess of 30% of its design stress,
it is desirable to relieve the member of the dead-load
stress or to prestress the material being added. If neither
procedure is practicable, the new material to be added
may be proportioned for a unit stress equal to the allow-
able unit stress in the original member minus the dead-
load unit stress in the original member.

11.5.3 Where rivets or bolts are overstressed by the total
load, not more than the dead-load shall be assigned to
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them. In such cases, sufficient welding shall be provided
to support all live and impact loads. If rivets or bolts are
overstressed by dead-load alone, sufficient reinforce-
ment shall be added to support the total load.

11.5.4 In strengthening members by the addition of
material, the sequence of welding shall be arranged so as
to maintain a symmetrical section at all times. This is of
particular importance if a live-load is permitted on the
structure while the welding is being performed.

11.5.5 Attention shall be given to the safety of the struc-
ture, especially to avoid (1) overheating, (2) accidental
heating of adjacent members, and (3) ignition of com-
bustible materials.
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Appendix A

List of Publishers and Referenced Documents

information purposes only.)

. Aluminum Association, 900 19th Street, N.W., Wash-

ington, DC 20006.

“Specifications for Aluminum Structures”, Con-
struction Manual series — Section 1.

. American Association of State Highway and Trans-

portation Officials, 444 N. Capitol Street, N.W.,
Washington, DC 20001.

Standard Specifications for Structural Supports
for Highway Signs, Luminaires and Traffic Signals

. American National Standards Institute, 1430 Broad-

way, New York, New York 10018.
B46.1—Surface Texture
749.1 —Safety in Welding and Cutting

. American Society of Mechanical Engineers, 345 E.

47th Street, New York, New York 10017,

Boiler and Pressure Vessel Code—Section V,
Non-Destructive Examination

. American Society for Nondestructive Testing, 4153

Arlingate Plaza, Caller No. 28518, Columbus, Ohio
43228,

Recommended Practice No. SNT-TC-1A (Per-
sonnel Qualification and Certification in Nondes-
tructive Testing)

. American Society for Testing and Materials, 1916

Race Street, Philadelphia, Pennsylvania 19103.

ASTM B26, Standard Specification for Aluminum-
Alloy Sand Castings

ASTM BI108, Standard Specification for Alumi-
num Alloy Permanent Mold Castings
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(This Appendix is not part of ANSI/AWS D1.2-90, Structural Welding Code- Aluminum, but is included for

ASTM B209, Standard Specification for Alumi-
num and Aluminum Alloy Sheet and Plate

ASTM B210, Standard Specification for Alumi-
num Alloy Drawn Seamless Tubes

ASTM B211, Standard Specification for Alumi-
num Alloy Bar, Rod and Wire

ASTM B221, Standard Specification for Alumi-
num and Aluminum Alloy Extruded Bars, Rods,
Wire, Shapes, and Tubes

ASTM B241, Standard Specification for Alumi-
num and Aluminum Alloy Seamless Pipe and
Seamless Extruded Tube

ASTM B247, Standard Specification for Alumi-
num Alloy Die and Hand Forgings

ASTM B308, Standard Specification for Alumi-
num Alloy 6061-T6 Standard Structural Shapes,
Rolled or Extruded

ASTM B313, Standard Specification for Alumi-
num and Aluminum Alloy Round Welded Tubes

ASTM B361, Standard Specification for Factory-
Made Wrought Aluminum and Aluminum Alloy
Welding Fittings

ASTM B429, Standard Specification for Alumi-
num-Alloy Extruded Structural Pipe and Tube

ASTM B483, Standard Specification for Alumi-
num-Alloy Drawn Tubes for General Purpose
Applications

ASTM B557, Standard Methods of Tension Test-
ing Wrought and Cast Aluminum and Aluminum-
Alloy and Magnesium-Alloy Products
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ASTM B618, Standard Specification for Alumi-
num and Aluminum Alloy Investment Castings

ASTM B686, Standard Specification for Alumi-
num Alloy Castings

ASTM E94, Standard Recommended Practice for
Radiographic Testing

ASTM E142, Standard Method for Controlling
Quality of Radiographic Testing

ASTM EI165, Recommended Practice for Liquid
Penetrant Inspection Method

7. American Welding Society, 550 N.W. LeJeune Road,
P.0. Box 351040 Miami, Florida 33135

ANSI/AWS A2.4, Symbols for Welding and
Nondestructive Testing
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ANSI/AWS A3.0, Standard for Welding Terms
and Definitions

ANSI/AWS B4.0, Standard Method for Mechan-
ical Testing of Welds

ANSI/AWS A5.10, Specification for Bare Alum-
inum and Aluminum Alloy Welding Electrodes
and Rods

ANSI/AWS QCl, Standard for Qualification and
Certification of Welding Inspectors

ANSI/AWS D1.2, Appendix J— Safe Practices

8. Compressed Gas Association, 1235 Jefferson Davis
Avenue, Alexandria, Virginia 22202.

CGA G-11.1, Commodity Specification for Argon
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Appendix B
Recommended Groove Welded Joints

(This Appendix is not part of ANSI/AWS D1.2-90, Siructural Welding Code— Aluminum, but is included for
information purposes only.)

B1. Recommended Complete Joint Penetration Groove Welded
Joints. (secFigureB1).

B2. Recommended Partial Joint Penetration Groove Welded

. Joints. (see Figure B2).
Legend for Appendix B
Symbols for joint types Symbols for weld types
B — butt joint 1 — square-groove
C — corner joint 2 — single-V-groove
T — T-joint 3 — double-V-groove
BC — butt or corner joint 4 — single-bevel-groove
TC — T- or corner joint 5 — double-bevel-groove
BTC — butt, T-, or corner joint 6 — single-U-groove
7 — double-U-groove
Symbols for base metal thickness and penetration 8 — single-J-groove
L — limited thickness — complete joint penctration 9 — double-J-groove
U — unlimited thickness—complete joint pene- The lower case letters, e.g., a, b, c, etc., are used to
tration differentiate geometry and fitup characteristics.
P — partial joint penetration
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Butt joint (B}

Square-groove weld (1)

Corner joint (C) M
3
T
R L—Tz R
M = ALUMINUM (SEE 4.9)
Groove Preparation
Base
Metal Thickness Tolerances
(U = unlimited) *Suggested
Welding .Joint Root Opening, As Detailed As Fit Up Welding
Process Designation T Ty (R) {see 2.9.3) (see 3.3) Positions
B-L1a 3/16 max — T +1/16,-0 +1/4,-1/16 FV
GMAW
C-L1a 3/16 max u T +1/16,-0 +1/4,-1/16 FV
B-L1b 1/4 max — 3/8 +1/16,-0 +1/4,-1/16 OH
GMAW
C-L1b 1/4 max u 3/8 +1/186, -0 +1/4,-1/18 OH
B-L1a 1/8 max — T +1/16,-0 +1/4,-1/16 All
GTAW
C-L1a 1/8 max 1/2 T +1/16,-0 +1/4,-1/16 All
Note: All dimensions in inches.
*F =f{lat, V = vertical, OH = overhead.
Square-groove weld (1)
Butt joint (B)
BACKGOUGE
TEMPORARY REMOVABLE BACKING
(SEE 4.9.5)
Groove Preparation
Base Tolerances
Metal Thickness *Suggested
Welding Joint ; Root Opening. | As Detailed As Fit Up Welding
Process Designation T (R) (see 2.9.3) {see 3.3) Positions Notes
GMAW B-L1 3/8 max 0to1/16 +1/16,~-0 +1/16 F,V A
GTAW B-L1 1/4 max Oto 1/8 +1/16,-0 +1/16 Ali A

Note: Backgouge root to sound metal before welding other side.

*F =flat, V = vertical, OH = overhead.,

Figure B1 — Recommended Complete Joint Penetration
Groove Welded Joints (Inches)
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Square-groove weld (1)
T-joint (T) N
Corner joint (C) -
BACKGOUGE
/
R
T2
Groove Preparation
Bage Tolerances
Metal Thickness *Suggested
Welding Joint Root Opening As Detailed As Fit Up Welding
Process Designation Ty T (R) (see 2.9.3) (see 3.3) Positions Notes
=1/4 Oto1/16
GMAW TC-LiC 3/8 max S1/4 10 1/16 10 +1/16,-0 +1/16 F.V A.B
3/8 3/32
GTAW TC-L1C 1/4 max| =1/2 Ot 1/8 +1/16,-0 +1/16 All AB

Note A: Backgouge root to sound metal before welding other side.

Note B: iffillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equalto 1/4 T4,
but need not exceed 3/8 in. Groove welds in corner and T-joints in dynamically loaded structures shall be reinforced with fillet
welds equal to 1/4 T, but need not exceed 3/8 in.

‘ *£ = {lat, H = horizontal, V = vertical, OH = averhead.

Single-V-groove weld (2) Tolerances
Butt joint (B)
As Detailed As Fit Up
(see 2.9.3) {see 3.3)
R +1/16,-0 +1/4,-1/16
1 f +1/16,-0 +1/16
L T @ £10°,-0° | +10°,-5°
{ I ; !
f
M = ALUMINUM (SEE 4.9)
Base Groove Preparation
Metal Thickness
(U = unlimited) Root Root Groove Suggested
Welding Joint Opening Face Angle Welding
Process Designation T (R) {f) {a) Positions Notes
GMAW B-U2a u 3/8 1/3210 1/8 60° All c
GTAW B-L2a 1/2 max 3/8 1/32t01/8 60° All —
Note C: ¥ T>>3/4 in., U-groove or modified V-groove may be used.
Figure B1 (continued) — Recommended Complete Joint Penetration
Groove Welded Joints (Inches)
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Single-V-groove weld (2) Tolerances '
Corner joint (C) -
As Detailed As Fit Up
(see 2.9.3) {see 3.3)
R +1/186,-0 +1/4,-1/16
f +1/16, -0 +1/16
-f—f- o +10°, -0° +10°, -5°
feTo [-R f
M = ALUMINUM (SEE 4.9)
Base Groove Preparation
Metal Thickness -
(U = unlimited) Root Root Groove *Suggested
Welding Joint Opening Face Angle Welding
Process Designation T T, (R) f) () Positions Notes
174 1/16 70° All
GMAW C-U2a ] U C
3/8 1/16 60° F,OH
8 1/4 1/16 70° All
GTAW C-L2a 1/2 max | 1/2 max
3/8 1/16 60° All
Single-V-groove weld (2) Tolerances
Butt joint (B)
As Detailed As Fit Up
(see 2.9.3) (see 3.3) )
R +1/16, -0 +1/16
f +1/16,-0 +1/16
@ +109,-0° +109,-5°
/TEM:ORARY REMOVABLE BACKING
(SEE 4.9.5)
Base Groove Preparation
Metal Thickness
(U = unlimited) Root Root Groove Suggested
Welding Joint Opening Face Angle Welding
Process Designation T (R) (f) () Positions Notes
=1 Oto1/8 1/161t0 1/8 60°
GMAW B-U2b All A.C
>1 0t0o1/8 1/8T, 60°
GTAW B-L2b 1/2 max 0t01/8 1/16t01/8 60° All A
Note A: Backgouge root to sound metal before welding other side.
Note C: If T>3/4 in., U-groove or modified V-groove may be used.
*F =flat, OH = overhead.
Figure B1 (continued) — Recommended Complete Joint Penetration '
Groove Welded Joints (Inches) .
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Appendix B/121
Single-V-groove weld (2) Tolerances
Corner joint (C)
As Detailed As Fit Up
(see 2.9.3) (see 3.3)
R +1/16,-0 +1/16
f +1/16,-0 +1/16
a +10°,-0° +10°, -5°
NOTE B
2] [
Base Groove Preparation
Metal Thickness
(U = unlimited) Root Root Groove Suggested
Welding Joint Opening Face Angle Welding
Process Designation T Ty (R) (f) () Positions Notes
=<1 U 0t01/8 1/16101/8 60°
GMAW c-u2 All A,B,C
>1 u 0Oto1/8 1/8T, 60°
GTAW Cc-L.2 1/2 max | 1/2 max Oto1/8 1/16101/8 60° All AB
Single-V-groove weld (2) Tolerances

Butt joint (B)

As Detailed As Fit Up

{see 2.9.3) (see 3.3}
' R +1/16,-0 +1/4,-1/16
f +1/16,-0 +1/16

a+f +10°,-0° +10°, -b°

M = ALUMINUM (SEE 4.9)

Base Groove Preparation
Metal Thickness
(U = Unlimited) Root Root Groove *Suggested
Welding Joint Opening Face Angle Welding
Process Designation T {R) {f) (@& f) Positions Notes
GMAW B-U2 a =457
-U2¢ U 3/8 Oto1/16 8=15° H

Note A: Backgouge root to sound metal before welding other side.

Note B: Iffillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to 1/4 T,
but need not exceed 3/8 in. Graove welds in corner and T-joints in dynamically loaded structures shall be reinforced with fillet
welds equal to 1/4 T, but need not exceed 3/8 in.

Note C: If T > 3/4 in., U-groove or modified V-groove may be used.
*H = horizontal.

Figure B1 (continued) — Recommended Complete Joint Penetration
Groove Welded Joints (Inches)
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122/ Appendix B
Double-V-groove weld (3} Tolerances
Butt joint (B) ‘
As Detailed As Fit Up
BACK- (see 2.9.3) {see 3.3)
GOUGE
R +1/18, -0 +1/16
f +1/16, -0 +1/18
« +10°, -0° +10°, -5°
Base Groove Preparation
Metal Thickness
{U = unlimited) Root Root Groove Suggested
Welding Joint Opening Face Angle Welding
Process Designation T (R) f) (@) Positions Notes
U,
GMAW B-U3a preferably Oto1/16 1/16t01/8 60° All A.B.D.M
5/8 or thicker
Single-V-groove weld (2) Tolerances
Butt joint (B)
As Detailed As Fit Up
TEMPORARY BACK- (s0¢293) | (see3d)
REMOVABLE )
BACKING GOUGE | g | +1/16,-0 +1/16
(SEE 4.9.5) f +1/16,-0 £1/16 . -
atf +10°, -0° +10°, -5°
Groove Preparation
Base
Metal Thickness Root Root Groove *Suggested
Welding Joint Opening Face Angle Welding
Process Designation Ta {R) f (a & B) Positions MNotes
=<1 0to1/16 1/16t0 1/8 at B =60°
B=0°to15°
GMAW B-U2d H AC
>1 Oto 3/32 1/8T, at+ f=60°
B=0°t0 156°

Note A: Backgouge root to sound metal before welding other side.

Note B: Iffillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall ba equal to 1/4 Ty,
but need not exceed 3/8 in. Groove welds in corner and T-joints in dynamically loaded structures shall be reinforced with fillet
welds equal to 1/4 T, but need not exceed 3/8 in.

Note C: If T> 3/4 in., U-groove or modified V-groove may be used.

Note D: Double-groove welds may have graoves of unequal depth, but the depth of the shallower groove shall ba no less than one-fourth of
the thickness of the thinner part joined.

Note M: If T > 1-1/2 in., Double-U-groove or modifiad double V-groove may be used.

*H = horizontal.

Figure B1 (continued) — Recommended Complete Joint Penetration . :
Groove Welded Joints (Inches)
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Appendix B/123
Double-V-groove weld (3) Tolerances
Butt joint (B)
As Detailed As Fit Up
) (see 2.9.3) (see 3.3)
BACKGOUGE
/>\ R +1/16,-0 +1/16
& i 4 f +1/16,-0 +1/16
_ﬁL—l ﬁ atf | +10°-0° | +10°-5°
LY

—JT1I~—

Note: a+B8=60°

Base Groove Preparation
Metal Thickness

(U = unlimited) Root Root Groove *Suggested
Welding Joint Opening Face Angle Welding
Process Designation T (R) {f) {« & p) Positions Notes

U,

GMAW B-U3b preferably , Oto1/8 1/16t01/8 at+ f=60° H A,D,Z

6/8 or thicker ' B=0°to 16°

Note A; Backgouge root of joint to sound metal before welding the other side..

Note D: Double-groove welds may have grooves of unequal depth, but the depth of the shallower graove shall be no less than one-fourth of
the thickness of the thinner part joinad.

Note Z: When lower plate is beveled, make first root pass on this side.
*H = horizontal.

Single-bavel-groove weld (4) Tolerances
T-joint (T)
Corner joint (C) As Detailed As Fit Up
(see 2.9.3) (see 3.3)
R +1/16,-0 +1/4,-1/16
f +1/186,-0 +1/16
a +109, -0° +10°, -6°
M = ALUMINUM (SEE 4.9)
Base Groove Preparation
Metal Thickness
{U = Unlimited) Root Root Groove Suggested
Welding Joint Opening Face Angle Welding
Process Designation T T, {R) f) () Pasitions Notes
GMAW TC-Uda U U 3/8 Oto1/16 60° All B,E,F
GTAW TC-L4a 1/2 max | 1/2 max 3/8 Oto1/16 60° All B,E,F

Note B: [ffiliet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equalto 1 /4Ty,
but need not exceed 3/8 in. Groove welds in corner and T-joints in dynamicatly loaded structures shall be reinforced with fillet
welds equal to 1/4 T, but need not exceed 3/8 in.

Note E: Forcorner joints, the outside groove preparation may be in either or both members, provided the basic groove configaration is not
changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

Note F: In the horizontal position the bevel should be on the upper member.

‘ Figure B1 (continued) — Recommended Complete Joint Penetration
Groove Welded Joints (Inches)
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124/ Appendix B
Single-bevel-groove weld (4) Tolerances
T-joint (T) -
Corner joint (C) As Detailed As Fit Up
{see 2.9.3) (see 3.3)
R +1/16, -0 +1/16
f +1/16,-0 +1/16
a +10°, -0° +10°,-5°
Base Groove Preparation
Metal Thickness
{U = unlimited) Root Root Groove Suggested
Weliding Joint -Opening Face Angle Welding
Process Designation Ty Ty (R) {f) {a) Positions Notes
GMAW TC-Udb v U 0t03/32 1/161t01/8 60° All A,B,E,F
GTAW TC-L4b 1/2 max | 1/2 max Oto 3/32 1/16t0 1/8 60° All ABEF

Note A: Backgouge root of joint to sound metal before welding the other-side,

Note B: Iffillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equalto1/4T,,
but need not exceed 3/8 in. Groove welds in corner and T-joints in dynamically loaded structures shall be reinforced with fillet
welds equal to 1/4 Ty but need not excead 3/8'in.

Note E: Forcorner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is not
changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

Note F: In the horizontal position the bevel should be on the upper member.

Figure B1 (continued) — Recommended Complete Joint Penetration .
Groove Welded Joints (Inches)
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Appendix B/125
Single-bevel-groove weld {4) Tolerances
T-jaint {T)
Corner joint {C} As Detailed As Fit Up
|"\ (see 2.9.3) (see 3.3)
R +1/16,-0 +1/4,-1/16
NOTE E f +1/186,-0 +1/16
o +1Q°, -Q° +10¢°, -5°
45° to 90° .
M = ALUMINUM (SEE 4.9)
Base Groove Preparation
Metal Thickness
{U = unlimited) Root Root Groove Suggested
Welding Joint Opening Face Angle Welding
Process Designation Ty T, (R) {f) (o) Positions Notes
GMAW TC-Udc U u 3/8 1/16 60° All B,E
GTAW TC-L4¢ 1/2 max | 1/2 max 3/8 1/16 60° I All B,E
Single-bevel-groove weld (4) Tolerances
T-Joint (T) .
Corner joint (C) a:*_‘ Y As Detailed As Fit Up
BACK- - BACK ) (See 2.9.3) (see 3.3)
. GOUGE « GOUGE | R | +1/16,-0 | =x1/16
‘ i f +1/16,-0 +1/16
f
{ } @ +10°, -0° +109, -59
f } = ; }7\
¥ / 7
g Ty k-7 “- A
2
R \(
—>l T;—l~45° to 90°
Base Groove Preparation
Metal Thickness
(U = unlimited) Root Root Groove Suggested
Welding Joint Opening Face Angle Welding
Process . | Designation T; T (R) ) {a) Positions Notes
GMAW TC-U4d u u 0Qto0 3/32 1/161t01/8 60° All A,B,EF
GTAW TC-U4d 1/2 max | 1/2 max Oto3/32 1/1610 1/8 60° All A.B,EF

Note A: Backgouge root of joint to sound metal before welding the other side.

Note B: Iffillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to 1/4 T,
but need not exceed 3/8 in. Groove welds in corner and T-joints in dynamically loaded structures shall be reinforced with fillet
waelds equal to 1/4 Ty but need not exceed 3/8 in. _

Note E: Far corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is not
changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

Note F: in the horizontal position the bevel should be on the upper member.

Figure B1 (continued) — Recommended Complete Joint Penetration
Groove Welded Joints (Inches)
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126/ Appendix B
Double-bevel-groove weld (5} v Tolerances
Butt joint (B) _
T-joint (T) As Detailed As Fit Up
Corner joint {C) (see 2.9.3) (see 3.3)
BACKGOUGE R +1/16,-0 +1/16
BACKGOUGE f +1/16,-0 +1/16
T a +10°, -Q° +10°, -5°
-1
{
Base Groove Preparation
Metal Thickness
(U = unlimited) Root Root Groove Suggested
Welding Joint Opening Face Angle Welding
Process Designatjon T T, (R) {f) (@) Positic s Notes
U,
B-USa p’g}%’i‘r"y - 0t01/16 | 1/16t01/8 60° All AD
thicker
GMAW
U,
Tcusa |Piglerably) g 0to1/16 | 1/16t01/8 60° Al AB.D,E
thicker

Note A: Backgouge root of joint to sound metal before welding the other side.

Note B: Iffillet welds are used iri statically loaded structures to reinforce groove welds in corner and T-joints, they shallbe equalto 1/4 T,, -
but need not exceed 3/8 in. Groove welds in corner and T-joints in dynamically loaded structures shall be reinforced with fillet
welds equal to 1/4 T; but need not exceed 3/8 in.

Note D: Double-groove welds may have grooves of unequal depth, but the depth of the shallower groove shail be no less than one-fourth of
the thickness of the thinner part joined.

Note E: For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is not
changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

Figure B1 (continued) — Recommended Complete Joint Penetration
Groove Welded Joints (Inches)
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Appendix B/ 127

Double-bevel-groove weld (5) i, Tolerances

T-joint (T) _a_‘_\

Corner joint {C) i . As Detailed As Fit Up
BACK

GOUGE
R +1/16,-0 |+1/14,-1/16
LA T f +1/16,-0 +1/16
- fj \ T
f Ty ! o +109, -0° +10°, -5°

NOTE B

J . thk /\L ‘ F—Tj-:{a_eoo 10 90°

600 o
M = ALUMINUM (SEE 4.9) to 90
Base Groove Preparation

Metal Thickness

{U = unlimited) Root Root Groove Suggested
Welding Joint Opening Face Angle Welding
Process Designation Ty Ty (R} {H {e) Positions Notes

U,
GMAW Tcuse |Parerablyl 0t03/8 | 1/16t01/8 60° Al AB,D,E
thicker

GTAW TC-Lba 1/2 max | 1/2 max 010 3/8 1/16t01/8 60° All A,B,D,E

Note A: Backgouge root of joint to sound metal before welding the other side.

Note B: Iffillet welds are used in statically loaded structures to reinforce graove welds in corner and T-joints, they shallbe equal to 1/4 T,

but need not exceed 3/8 in. Groove welds in corner and T-joints in dynamically loaded structures shall be reinforced with fillet
welds equal to 1/4 T, but need not exceed 3/8 in.

Note D: Double-groove welds may have grooves of unequal depth, but the depth of the shallower groove shall be no less than one-fourth of
. the thickness of the thinner part joined.

Note E:. For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is not
changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

Figure B1 (continued) — Recommended Complete Joint Penetration
Groove Welded Joints (Inches)
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128/ Appendix B
Double-bevel-groove weld (5) Tolerances
T-joint (T)
Corner joint (C) As Detailed As Fit Up
{see 2.9.3) {see 3.3)
BACKGOUGE R +1/16,-0 +1/16
4
)Y/ NOTEB f +1/16, -0 +1/16
AN « | +105-0° | +10°-5°
f T1 . il
N
60° to 90°
"—Tz*'l';l::,/
Base Groove Preparation
Metal Thickness
(U = unlimited) Root Root Groove Suggested
Welding Joint Opening Face Angle Welding
Process Designation Ty Ty (R) (f) (@) Positions Notes
U,
GMAW TCugy  (Preferably) 0t03/32 | 1/16101/8 60° All AB,D,E
thicker

Note A: Backgouge root of joint to sound metal before welding the other side.

Note B: Iffillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to 1/4 Ty,
but need not exceed 3/8 in. Groove welds in corner and T-joints in dynamicaily loaded structures shall be reinforced with fillet
welds equal to 1/4 T; but need not exceed 3/8 in.

Note D: Double-groove welds may have grooves of unequal depth, but the depth of the shallower groove shall be no less than one-fourth of
the thickness of the thinner part joined.

Note E: For corner joints, the outside groove preparation may be in either or bath members, provided the basic groove configuration is not
changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

Figure B1 (continued) — Recommended Complete Joint Penetration
Groove Welded Joints (Inches)
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Appendix B/129
Single-U-groove weld (6) Tolerances
Butt joint (B)
Corner joint (C) - As Detailed As Fit Up
- s {see 2.9.3) {see 3.3)
BACK-
BACK- GOUGE R +1/16,-0 +1/16
GOuGE f +1/16,-0 +£1/16
- F T « +10°, -0° +10°, -5°
T
¥ r +1/8,-0 +1/16
/ TEMPORARY L 4
REMOVABLE BACKING R T2
(SEE 4.9.5)
Base Groove Preparation
Metal Thickness
{U = unlimited) Root Root Groove Groove Suggested
Welding Joint Opening Face Angle Radius Welding
Process |Designation T T, (R) {f) {@) {r) Positions Notes
u,
preferably _
B-U6 5/8 or 01t03/32 | 1/8t01/4 60° 174 All A
thicker
GMAW
U,
cus |PEherably| 0103/32 | 1/8t01/4 |  60° 174 Al AB
thicker

Note A: Backgouge root of joint to sound metal before welding the other side.

Note B: Iffillet welds are used in statically loaded structures toreinforce groove welds in corner and T-joints, they shall be equalto 1/4 T,
but need not exceed 3/8 in. Groove welds in corner and T-joints in dynamically loaded structures shall be reinforced with fillet
welds equal to 1/4 T, but need not exceed 3/8 in.

Figure B1 (continued) — Recommended Complete Joint Penetration
Groove Welded Joints (Inches)
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130/ Appendix B
Double-U-groove weld (7) ) Tolerances
Butt joint (B}
As Detailed As Fit Up
(see 2.9.3) ({see 3.3) :
- BACKGOUGE
R +1/16, -0 +1/16
{ f +1/16,-0 11/16
o +10°, -Q° +109, -5°
r +1/8, -0 +1/16
Base Groove Preparation
Metal Thickness
(U = unlimited) Root Root Groove Groove Suggested
Welding Joint Opening Face Angle Radius Welding
Process |Designation T (R) (f) () {r) Positions Notes
y,
GMAW | B-U7 breferably 0103/32 | 1/8t01/4 |  60° 1/4 Al AD
thicker
Single-J-groove weld (8) Tolerances
Butt joint (B)
As Detailed As Fit Up
(see 2.9.3) {see 3.3)
R +1/16,-0 £1/16 '
f +1/16, -0 +1/16
- 4 o +109,-0° | +10°,-5°
—r7 f r | -0 |+
f
: TEMPORARY
REMOVABLE BACKING
(SEE 4.9.5)
Base - Groove Preparation
Metal Thickness -
{U = unlimited) Root Root Groove Groove Suggested
Welding Joint Opening Face Angle Radius Welding
Process |Designation T (R) f) (a) n Positions Notes
y,
GMAW | B-US praferably 0t03/32 | 1/8101/4 |  60° 3/8 Al AF
thicker
Note A: Backgouge root of joint to sound metal before welding other side.
Note D: Double-groove welds may have grooves of unequal depth, but the depth of the shallower groove shall be no less than one-fourth of
the thickness of the thinner part joined.
Note F: In the horizontal position the bevel should be on the upper member.
Figure B1 (continued) — Recommended Complete Joint Penetration
Groove Welded Joints (Inches)
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Appendix B/131
Single-J-groove weld (8) Tolerances
T-joint (T)
Corner joint (C) As Detailed As Fit Up
(see 2.9.3) (see 3.3}
- R +1/16,-0 +1/16
1
f +1/16, -0 +1/16
i a +10°, -0° +109°, -5°
f
¥ r +1/8,-0 +1/16
Base Groove Preparation
Metal Thickness -
(U = unlimited} Root Root Groove Groove Suggested
Welding Joint Opening Face Angle Radius Welding
Process |Designation T T, {R) f) () {r} Positions Notes
U,
GMAW | TC-Uga [PTEferably} 0103/32 1/8 60° 3/8 Al AB,E
thicker

Note A: Backgouge root of joint to sound metal before welding the other side.

Note B: Iffilletwelds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to 1/4T,,
but need not exceed 3/8 in. Groove welds in corner and T-joints in dynamically loaded structures shall be reinforced with fillet
welds equal to 1/4 T4 but need not exceed 3/8 in.

Note E: For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is not
changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

Double-J-groove weld (9) Tolerances
Butt joint (B)
As Detailed As Fit Up
(see 2.9.3) (see 3.3)
BACKGOUGE
R +1/16,-0 +1/16
1 +1/16,-0 +1/16
« +10°, -0° +109, -5°
r +1/8,-0 +1/16
Base Groove Preparation
Metal Thickness
(U = unlimited) Root Root Groove Groove Suggested
Joint QOpening Face Angle Radius Welding
Designation T (R) (f) () (r) Positions Notes
U,
R preferably
B-U9 5/8 or Oto 3/32 1/8 60° 3/8 All A,D,F
thicker .

Note A: Backgouge root to sound metal before welding other side.

Note D: Double-groove welds may have grooves of unequal depth, butthe depth of the shallower groove shall be no less than one-fourth of

the thickness of the thinner part joined.
Note F: In the horizontal position the beve! should be on the upper member.

Figure B1 (continued) — Recommended Complete Joint Penetration
Groove Welded Joints (Inches)
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132/ Appendix B
Double-J-groove weld (9) Tolerances
T-joint (T)
Corner joint (C) BACK- As Detailed As Fit Up
GOUGE (see 2.9.3) (see 3.3)
R +1/186,-0 +1/16
i +1/16,-0 t1/16
a +109, -0° +10°, -5°
r +1/8,-0 +1/16
NOTE B
Base Groove Preparation
Metal Thickness
(U = unfimited) Root Root Groove Groove Suggested
Welding Joint Opening Face Angle Radius Welding
Process |Designation T Ty (R) {f) {a) (r) Positions Notes
U,
GMAW | Tec-Uga [PrEferably| 0t03/32 1/8 60° 3/8 Al AB,D,EF
thicker

Note A: Backgouge root to sound metal before welding other side.

Note B: Iffillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equalto 1/4 T,
but need not exceed 3/8 in. Groove welds in corner and T-joints in dynamically loaded structures shall be reinforced with fillet
welds equal to 1/4 T, but need not exceed 3/8 in.

Note D: Double-groove welds may have grooves of unequal depth, but the depth of the shallower groove shall be no less than one-fourth of
the thickness of the thinner part joined.

Note E: For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is not .
changed and adequate edge distance is maintained to support the welding operations without excessive edge melting. A

Note F: In the horizontal position the bevel should be on the upper member.

Figure B1 (continued) — Recommended Complete Joint Penetration

Groove Welded Joints (Inches)
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Appendix B/133
Square-groove weld (1)
Butt-joint (B)
‘ Corner joint (C)
B3
T
L—Tz -
M = ALUMINUM (SEE 4.9) ALL DIMENSIONS IN mm
Groove Preparation
Base
Metal Thickness Tolerances
{U = unlimited) *Suggested
Welding Joint Root Opening As Detailed As FitUp Welding
Process Designation T; T, (R} (see 2.9.3) (see 3.3) Positions
B-L1a 4.8 max — T +1.6,-0 +6,-1.6 FV
GMAW
C-L1a 4.8 max U T +1.6,-0 +6,-1.6 FV
B-L1b 6.4 max — 10 +1.8,-0 +6,-1.6 OH
GMAW
C-L1b 6.4 max U 10 +1.6,-0 +6,-1.6 OH
B-L1a 3.2 max — Ty +1.6,-0 +8,-1.6 All
GTAW
C-L1a 3.2 max 1/2 T +1.6,-0 +6,-1.6 All
Note: All dimensions in millimeters.
. *F =flat, V = vertical, OH = overhead.
Square-groove weld (1)
Butt-joint (B)
BACKGOUGE
L — 1
TEMPORARY REMOVABLE BACKING
(SEE 4.9.5) ALL DIMENSIONS IN mm
Groove Preparation
Base Tolerances
Metal Thickness *Suggested
Welding Joint Root Opening As Detailed As FitUp Welding
Process Designation T {R) (see 2.9.3) (see 3.3) Positions Notes
GMAW B-L1 9.6 max 0to 1.6 +1.6,-0 +1.6 FV A
GTAW B-L1 6.4 max 0t03.2 +1.6,-0 +1.6 All A
Note: Backgouge root to sound metal before welding other side.
‘ *F =flat, V = vertical, OH = overhead.
Figure B1 (continued) — Recommended Complete Joint Penetration
Groove Welded Joints (Millimeters)

Copyright by the American Welding Society Inc
Sat Jul 05 14:57:36 1997



AWS D1.2 90 WM 07842L5 00LObL5? 4 W

134/ Appendix B

Square-groove weld (1)
T-joint (T}
Corner joint (C)

BACKGOUGE ‘

ek

ALL DIMENSIONS IN mm

Groove Preparation
Base Tolerances
Metal Thickness *Suggested
Welding Joint Root Opening As Detailed As Fit Up Welding
Process Designation T Ty (R} (see 2.9.3) (see 3.3) Positions Notes
=6.4 0to 1.6
GMAW TC-L1C 9.5 max +1.6, -0 +1.6 F.V A, B
>64to 16t02
9.6
GTAW TC-L1C 64 max| =127 Oto3 +1.6,-0 +1.6 All AB

Note A: Backgouge root to sound metal befare welding other side.

Note B: Iffillet welds are used in statically loaded structures to reinforce groave welds in corner and T-joints, they shall be equalto 1/4T,,
but need not exceed 10 mm. Groove welds in corner and T-joints in dynamically loaded structures shall be reinforced with fillet
welds equal to 1/4 T, but need not exceed 10 mm.

*F =flat, V = vertical, H = horizontal, OH = overhead. ’

Single-V-groove weld (2) Tolerances
Butt-joint (B)
As Detailed As Fit Up
{see 2.9.3) {see 3.3)
R +1.6,-0 +6,-1.6
l f +1.6,-0 1.6
2( ‘ Tq @ +10°,-0° +10°,-5°
f
M = ALUMINUM (SEE 4.9) ALL DIMENSIONS IN mm
Base Groove Preparation
Metal Thickness
(U = unlimited) Root Root Groove Suggested
Welding Joint Opening Face Angle Welding
Process Designation T (R) [\l (a) Positions Notes
GMAW B-U2a U 10 1103 60° All C
GTAW B-L2a 12.7 max 10 1103 60° All —
Note C: i T> 19 mm, U-groove or modified V-groove may be used.
Figure B1 (continued) — Recommended Complete Joint Penetration ’

Groove Welded Joints (Millimeters)
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Single-V-graove weld {2} Tolerances
Corner joint (C)
As Detailed As Fit Up
{see 2.9.3) (see 3.3)
R +1.8, -0 +6,-1.6
f +1.6,-0 +1.6
@« +10°, -0° +10°, -5°
M = ALUMINUM (SEE 4.9) ALL DIMENSIONS IN mm
Base Groove Preparation
Metal Thickness
{U = unlimited} Root Root Groove *Suggested
Welding Joint Opening Face Angle Welding
Process Designation T T, (R) {f) (o) - Pasitions Notes
6 1.6 70° All
GMAW C-U2a U U [
10 1.6 60° F,OH
6 1.6 70° All
GTAW C-L2a 12.7 max | 12.7 max
10 1.6 60° All
Single-V-groove weld (2) Tolerances
Butt joint (B)
As Detailed As Fit Up
‘ 1l (06293) | (see3.3)
R +1.6,-0 +1.6
f +1.6,-0 +1.6
a+f +109, -0° +10°, -B°
4ORARY REMQVABLE BACKING
(SEE 4.9.5) ALL DIMENSIONS IN mm
Base Groove Preparation
Metal Thickness
{U = unlimited) Root Root Groove Suggested
Welding Joint Opening Face Angle Welding
Process Designation T, {R) {f) (a) Positions Notes
<254 Oto3 16t03 60°
GMAW B-U2b All AC
>254 Oto3 1/8T, 60°
GTAW B-L2b 12.7 max Ot 3 16103 60° All A
Note A: Backgouge root to sound metal before welding other side.
Note C: If T> 12 mm, U-groove or modified V-groove may be used
*F =fiat, OH = overhead.
Figure Bl (continued) — Recommended Complete Joint Penetration
. Groove Welded Joints (Millimeters)
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Single-V-groove weld (2) Tolerances
Corner joint (C} i~ .
== As Detailed As Fit Up
2.9.3 3.3 '
BACKGOUGE (see 2.9.3) (see 3.9)
R +1.6,-0 +1.6
T‘ f +1.6, -0 +1.6
1
f 4 « +10°, -Q° +10°, -5°
I‘Tz*|
ALL DIMENSIONS IN mm
Base Groove Preparation
‘Metal Thickness
(U = unlimited) Root Root Groove Suggested
Welding Joint Opening Face Angle Welding
Process Designation T T, I (R) {f) {a) Positions Notes
<25.4 5] Oto3 16t03 60°
GMAW c-u2 - All A,B,C
>25.4 u Oto3 1/8T, 60°
GTAW c-L2 12.7 max | 12.7 max Oto3 16to3 60° All AB
Single-V-groove weld (2) Tolerances
Butt joint (B)
As Detailed As Fit Up
(see 2.9.3) {see 3.3)
R +1.6, -0 +6, -1.6 ‘
f +1.6, -0 +1.6
a+B | +10°-0° +10°, -6°
M = ALUMINUM (SEE 4.9) ALL DIMENSIONS IN mm
Base Groove Preparation
Metal Thickness
(U = Unlimited Root Root Groove *Suggested
Welding Joint Opening Face Angle Welding
Process Designation Ty (R) {f) (a & B) Positions Notes
GMAW B-U2c u 10 0to1.6 hlee H

Note A: Backgouge root to sound metal before welding other side.

Note B: Iffillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to 1/4 T,

but need not exceed 10 mm. Groove welds in corner and T-joints in dynamically loaded structures shall be reinforced with fillet
welds equal to 1/4 T, but need not exceed 10 mm.

Note C: If T> 19 mm, U-groove or modified V-groove may be used.
*H = horizontal,

Figure B1 (continued) — Recommended Complete Joint Penetration
Groove Welded Joints (Millimeters)
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Double-V-groove weld {3} Tolerances
Butt joint (B)
As Detalled As Fit Up
BACKGOUGE {see 2.9.3) (see 3.3)
R +1.6,-0 +1.6
—+
T f +1.6,-0 +1.6
-7 « +10°, -0° +10¢, -56°

ALL DIMENSIONS IN mm

Base Groove Preparation

Metal Thickness

{U = unlimited) Root Root Groove Suggested
Welding Joint Opening Face Angle Welding
Process Designation Ty (R) (f) (o} Positions Notes

U,
GMAW B-U3a preferably Oto 1.6 16103 60° All A,B,D,M
15.9 or thicker
Single-V-groove weld (2) Tolerances

Butt joint (B)

As Detailed As Fit Up

(see 2.9.3) (see 3.3)
TEMPORARY
REMOVABLE R +1.8,-0 1.6

f +1.6,-0 16

BACKING
. (SEE 4.9.5)

a+f +10°, -0° +10°, -5°

ALL DIMENSIONS IN mm

Groove Preparation
Base
Metal Thickness Root Root Groove *Suggested
Welding Joint Opening Face Angle Welding
Process Designation T (R) (f) (o & B) Positions Notes
<254 Oto1.6 16t03 o+ f=60°
B=0°10 156°
GMAW B-U2d H AC
>25.4 0to2 1/8T; a+f=60°
B8=0°t0156°

Note A: Backgouge root to sound metal before welding other side.

Note B: [ffilletwelds are usedin statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equalto 1/4 T,
but need not exceed 10 mm. Groove welds in corner and T-joints in dynamically loaded structures shall be reinforced with fillet
welds equal to 1/4 T, but need not exceed 10 mm,

Note C: If T> 19 mm, U-groove or modified V-graove may be used,

Note D: Double-groove welds may have grooves of unequal depth, butthe depth of the shallower groove shall be no less than one-fourth of
the thickness of the thinner part joined.

Note M: If T> 38.1 mm, Double-U-groove or modified double V-groove may be used.
*H = horizontal.

‘ Figure B1 (continued) — Recommended Complete Joint Penetration
Groove Welded Joints (Millimeters)
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As Detailed As Fit Up
(see 2.9.3) (see 3.3)

Double-V-groove'weld (3) Tolerances ’
Butt joint (B) . ,

BACKGOUGE

R +1.6,-0 1.6

f +1.6,-0 +1.6

a+B | +10°-0° | +10°-5°

Note; a + 8= 60° ALL DIMENSIONS IN mm
Base Groove Preparation
Metal Thickness
{U = unlimited) Root Root Groove *Suggested
Welding Joint Opaning Face Angle Welding
Process Designation T (R) (f) (o & B} Positions Notes
Ur o+ f=60°
GMAW B-U3b preferably Oto3 1.6t03 £=0°1t0 15° H A.D.Z
15.9 or thicker

Note A: Backgouge root of joint to sound metal before walding the other side.

Note D: Double-groove welds may have grooves of unequal depth, but the depth of the shallower groove shall be no less than one-fourth of
the thickness of the thinner part joined.

Note Z: When lower plate is beveled, make first root pass on this side.
*H = horizontal.

Single-bevel-groove weld {4) Tolerances
T-joint (T)
Corner joint (C) As Detailed As Fit Up
({see 2.9.3) (see 3.3}
R +1.6, -0 +6,-1.6
f +1.6,-0 +1.6
« +10°, -0° +10°,-5°

M = ALUMINUM (SEE 4.9) ALL DIMENSIONS IN mm

Base Groove Preparation
Metal Thickness
{U = Unlimited) Root Root Groove Suggested
Welding Joint Opening Face Angle Welding
Process Designation Ty Ty (R) f) {a) Positions Notes
GMAW TC-U4a U U 10 Qto 1.6 60° All B,E,F
GTAW TC-L4a 12.7 max | 12.7 max 10 Oto 1.6 60° All B,E,F

Note B: If fillet welds are used in statically loaded structures tb reinforce groove welds in corner and T-joints, they shalibe equatto 1/4 T,
but need not exceed 10 mm. Groove welds in corner and T-joints in dynamically loaded structures shall be reinforcad with fillet
welds equal to 1/4 T, but need not exceed 10 mm.

Note E: For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is not
changed and adequate edge distance is maintained to support the wekling operations without excessive edge melting.

Note F: In the horizontal position the bevel should be on the upper member.

Figure B1 (continued) — Recommended Complete Joint Penetration
Groove Welded Joints (Millimeters)
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Appendix B/ 139
Singla-bevel-groove weld (4) Tolerances
T-joint(T)
Corner joint {C) As Detailed As Fit Up
(see 2.9.3) (see 3.3)
BACK- R +1.6,-0 1.6
GOUGE
NOTE E f +1.6,-0 +1.6
@ +109, -0° +10°, -5°

ALL DIMENSIONS IN mm
Base Groove Preparation
Metal Thickness
(U = unlimited) Root Root Groove Suggested
Welding Joint Opening Face Angle Woelding
Process Designation Ti T, {R) {f) (a) Positions Notes
GMAW TC-U4b u U Oto2 16t03 60° All A,B,EF
GTAW TC-L4b 12.7 max | 12.7 max Oto2 16t 3 60° All A,B,EF
Note A: Backgouge root of joint to sound metat before welding the other side.
Note B: Iffillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to 1/4 T
but need not exceed 10 mm. Groove welds in corner and T-joints in dynamically loaded structures shall be reinforced with fillet
welds equal to 1/4 T, but need not excesd 10 mm.
Note E: For corner joints, the outside groove preparation may be in sither or both members, provided the basic groove configuration is not
changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.
Note F: in the horizontal position the bevel should be on the upper member.

Figure B1 (continued) — Recommended Complete Joint Penetration
Groove Welded Joints (Millimeters)
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Corner joint (C) As Detailed As Fit Up

Single-bevel-groove weld (4) Tolerances
T-joint (T) ‘
(see 2.9.3) (see 3.3)

R +1.6, -0 +6,-1.6
NOTE E f +1.6, -0 1.6
] +10°,-0° +10°,-5°

45° to 90°

M = ALUMINUM (SEE 4.9) ALL DIMENSIONS IN mm

. Base Groove Preparation
Metal Thickness
(U = unlimited) Root Root Groove Suggested
Welding Jaint Opening Face Angle Welding
Process Designation T T, (R} (f) (a) Positions Notes
GMAW TC-U4c U U 10 1.8 60° All B.E
GTAW TC-l4c 12.7 max | 12,7 max 10 1.6 60° All B,E
Single-bevel-groove weld (4) Tolerances
T-joint(T)
Corner joint (C) As Detailed As Fit Up
(see 2.9.3) (see 3.3)
R +1.6,-0 +1.6 )
f +1.6,-0 +1.6 ’
i a +10°, -0° +10¢°, -5°
f
F
T
[y
T2 [«45° to90° ALL DIMENSIONS IN mm
Base Groove Preparation
Moetal Thickness
(U = unlimited) Root Root Groove Suggested
Welding Joint Opening Face Angle Welding
Process Designation Ty Ty (R) ) (o) Positions Notes
GMAW TC-U4d u U Oto2 1.6t03 60° All A B.EF
GTAW TC-L4d 12.7 max | 12.7 max Oto2 16t03 60° All A,B.EF

Note A: Backgouge root of joint to sound metal before welding the other side.

Note B: Iffilletwelds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to 1/4 Ty,
but need not exceed 10 mm. Groove welds in corner and T-joints in dynamically loaded structures shall be reinforced with fillet
welds equal to 1/4 T, but need not exceed 10 mm.

Note E: For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is not
changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

Note F: In the horizontal position the bevel should be on the upper member.

Figure B1 (continued) — Recommended Complete Joint Penetration
Groove Welded Joints (Millimeters)
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Double-bevel-groove weld (5) Tolerances
Butt joint (B) -
T-joint (T} As Detailed As Fit Up
Corner joint (C} (see 2.9.3) (see 3.3)
<71
BACKGOUGE R +1.6,-0 *1.6
BACKGOUGE f +1.6,-0 +1.6
« +109, -0° " +10°,-5°

ALL DIMENSIONS IN mm

Base Groove Preparation
Metal Thickness
(U = unlimited) Root Root Groove Suggested
Welding Joint Opening Face Angle Waelding
Process Designation Ty Ty (R) (f) (a) Positions Notes
U,
preferably
B-Uba 15.9 or — Ot01.6 16103 60° All A,D
thicker
GMAW
U,
TC-Usa |Preferably) 010 1.6 16103 60° Al A,B,D,E
thicker
Note A: Backgouge root of joint to sound metal before welding the other side.

Note B:

Note E:

Note D:

lifillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to 1/4 T.

but need not exceed 10 mm. Groove welds in corner and T-joints in dynamically loaded structures shall be reinforced with fillet
welds equal to 1/4 T, but need not exceed 10 mm.

the thickness of the thinner part joined.

Double-groove welds may have grooves of unequal depth, but the depth of the shallower groove shall be no less than one-fourth of

For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is not

changed and adequate edge distance is maintained to. support the welding operations without excessive edge melting.

Figure B1 (continued) — Recommended Complete Joint Penetration
Groove Welded Joints (Millimeters)
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Double-bevel-groove weld (5) I, Tolerances
T-joint {T) >
Corner joint (C) BACK- As Detailed As Fit Up
BACK- GOUGE (see 2.9.3) (see 3.3)
GOUGE NOTEE
3 R +1.6,-0 +6,-1.6
L}— , T f +1.6,-0 116
\I\ f T1
f T ‘ o +109, -0° +10°, -5°
T >\ NOTE B
_’le:k/\l\ 2 * 60° to 90°
T2 nat
o o R
M = ALUMINUM (SEE 4.9) |, 80 %0 k- ALL DIMENSIONS IN mm
Base Groove Preparation
Metal Thickness
{U = unlimited) Root Root Groove Suggested
Welding Joint Opening Face Angle Welding
Process Designation T T, (R) {fy {a) Positions Notes
U,
GMAW Tcuse  [Paerably) 0to 10 16103 60° Al AB,D,E
thicker
GTAW TC-Lba 12.7 max | 12.7 max Oto 10 16t03 60° All A,B,D,E
Note A: Backgouge root of joint to sound metal before welding the other side.
Note B: Iffillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to 1/4 T,
but need not exceed 10 mm, Groove welds in corner and T-joints in dynamically loaded structures shall be reinforced with fillet
welds equal to 1/4 T, but need not exceed 10 mm.
Note D: Double-groove welds may have grooves of unequal depth, but the depth of the shallower groove shall be no less than one-fourth of
the thickness of the thinner part joined.
Note E: For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is not
changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.
Figure B1 (continued) — Recommended Complete Joint Penetration

Groove Welded Joints (Millimeters)
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Double-bevel-groove weld (b} Tolerances
T-joint (T)
Corner joint (C) As Detailed As Fit Up
(see 2.9.3) {see 3.3)
BACKGOUGE R +1.6,-0 +1.6
. ’
)Y NoTEB f +1.6,-0 +16
b1 a #10%,-0° | +109,-5°
Ty

|__T ’l-f" 60° to 90°
+Rk—__— ALL DIMENSIONS IN mm

Base Groove Preparation

Metal Thickness

{U = unlimited) Root Root Groove Suggested
Welding Joint Opening Face Angle Waelding
Process Designation Ty Ty (R) (i} () Pasitions Notes

U, |
GMAW TC-USb P’fge;a:r"" u Oto2 16103 80° All A.B,D,E
thicker

Note A: Backgouge root of joint to sound metal before welding the other side.

Note B: Iffillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equai to 1/4 Ty,
but nead not exceed 10 mm. Groove welds in corner and T-joints in dynamically loaded structures shall be reinforced with filiet
welds equal to 1/4 T, but need not exceed 10 mm.

Note D: Double-groove welds may have grooves of unequal depth, but the depth of the shallower groove shall be no fess than one-fourth of
the thickness of the thinner part joined.

Note E: For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is not
. changed and adequate edge distance is maintained to support the welding cperations without excessive edge melting.

Figure B1 (continued) — Recommended Complete Joint Penetration
Groove Welded Joints (Millimeters)
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Single-U-groove weld (6) Tolerances
Butt joint (B} - -
Corner joint (C) \ As Detailed As Fit Up
-~ (see 2.9.3) (see 3.3)
R +1.6,-0 +1.6
f +1.6,-0 +16
é a +10°, -Q° +100, -5°
C—r r +3,-0 +1.6
/ TEMPORARY
REMOVABLE BACKING
(SEE 4.9.6) ALL DIMENSIONS IN mm
Base Groove Preparation
Metal Thickness
(U = unlimited} Root Root Groove Groove Suggested
Welding Joint Opening Face Angle Radius Welding
Process |Designation Ty T, {R) {f) () (r) Positions Notes
U,
y preferably _
B-U6 15.9 or Oto2 3t06 60° 6 All A
thicker
GMAW
U,
g preferably ]
C-Ué 16.9 or U Oto2 3t06 60° ] All A.B
thicker
Note A: Backgouge root of joint to sound metal before welding the other side.
Note B: lffillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to 1 /4 T;,
but need not exceed 10 mm. Groove welds in corner and T-joints in dynamically loaded structures shall be reinforced with fillet
wolds equal to 1/4 T, but need not exceed 10 mm.
Figure B1 (continued) — Recommended Complete Joint Penetration
Groove Welded Joints (Millimeters)
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Double-U-graove weld (7) Tolerances
Butt joint (B)
As Detailed As Fit Up
(see 2.9.3) (see 3.3)
BACKGOUGE
R +1.6,-0 +1.6
f +1.6,-0 +1.6
@ +10°,-0° +109, -6°
r +3,-0 +1.6
ALL DIMENSIONS IN mm
Base Groove Preparation
Metal Thickness
(U = unlimited) Root Root Groove Groove Suggested
Wealding Joint Opening Face Angle Radius Welding
Process {Designation Ty (R) {f) (o) () Positions Notes
U'
GMAW | B-U7 proferably 0to2 3t06 60° 6 Al AD
thicker

Single-J-groove weld (8) Tolerances
Butt joint (B)
As Detailed As Fit Up
{see 2,9.3) (see 3.3)
R +16,-0 +1.6
f +1.6,-0 +1.6
a +109, -0° +109°, -5°
=T R 16
: TEMPORARY
REMOVABLE BACKING
(SEE 4.9.5) ALL DIMENSIONS IN mm
Base Groove Preparation
Metal Thickness
{U = unlimited) Root Root Groove Groove Suggested
Welding Joint Opening Face Angle Radius Welding
Process |Designation T {R} {f) . (o) (r) Positions Notes
U,
GMAW | B-US proferably Oto2 3106 60° 10 All AF
thicker

Note A: Backgougs root of joint to sound metal before welding other side.

Note D: Double-graove welds may have grooves of unequal depth, but the depth of the shallower groove shall be no less than one-fourth of
the thickness of the thinner part joined.

Note F: In the horizontal position the bevel should be on the upper member.

Figure B1 (continued) — Recommended Complete Joint Penetration
Groove Welded Joints (Millimeters)
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Single-J-graove weld (8) Tolerances
T-joint (T)
Corner joint (C) As Detailed As Fit Up
(see 2.9.3) (see 3.3)
BACK-
GOUGE R +1.6,-0 +1.6
f r f +1.6,-0 +1.6
| }N\OTE B @ +10%,-0° | +10° -5°
f
T ; T r +3,-0 1.6
<—-T2 R )\(
45° to 90°
ALL DIMENSIONS IN mm
Base Groove Preparation
Metal Thickness
{U = unlimited) Root Root Groove Groove Suggested
Welding Joint Opening Face Angle Radius Welding
Process |Designation T Ty (R) (f) (o) r) Positions Notes
U,
GMAW | Tcuga [Preferably) 0to2 3 60° 10 Al AB.E
thicker

Note A: Backgouge root of joint to sound metal before welding the other side.

Note B: Iffillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to 1/4 Ty,
but need not exceed 10 mm. Groove welds in corner and T-joints in dynamically loaded structures shall be reinforced with fillet
welds equal to 1/4 T, but need not exceed 10 mm.

Note E: For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is not
changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

Double-J-groove weld (9) Tolerances
Butt joint (B)
As Detailed As Fit Up
(see 2.9.3) {see 3.3)
BACKGOUGE ]
R +1.6,-0 +1.6
f +1.6,-0 +1.6
@ +10°, -0° +10°, -5°
h r +3,-0 +16
4k i
ALL DIMENSIONS IN mm
Base Groove Preparation
Metal Thickness
{U = unlimited) Root Root Groove Groove Suggested
Welding Joint Opening Face Angle Radius Welding
Process |Designation T (R) {f) (o) (r) Positions Notes
U,
GMAW | B-U9 proferably Oto2 3 60° 10 All AD,F
thicker

Note A: Backgouge root of joint to sound metal bafore welding the other side.

Note D; Double-groove welds may have grooves of unequal depth, but the depth of the shallower groove shall be no less than one-fourth of
the thickness of the thinner part joined.

Note F: In the horizontal position the bevel should be on the upper member.

Figure B1 (continued) — Recommended Complete Joint Penetration
Groove Welded Joints (Millimeters)
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Appendix B/147
Double-J-groove weld (9) Tolerances
T-joint {T) NOTE E
Corner joint (C) BACK- As Detailad As Fit Up
GOUGE {see 2.9.3) {see 3.3)
R +1.6,-0 +1.6
f +1.6, -0 +1.6
?\ o +109, -0° +100, -5°
7

J‘\( r +3,-0 +1.6
NOTE B

ALL DIMENSIONS IN mm

b

Base Groove Preparation
Metal Thickness
(U = unlimited}) Root Root Groove Groove Suggested
Welding Joint Opening Face Angle Radius Welding
Process |Designation T T, (R} {f) {a) r Positions Notes
U,
GMAW | TC-U9a pqe;ega:’r'y U Oto2 3 60° 10 Al AB,D,EF
thicker

Note A: Backgouge root of joint to sound metal before welding other side.

Note B: Iffillet welds are used in statically loaded structures to reinforce groove welds in carner and T-joints, they shall be equal to 1/4 Ty,
but need not exceed 10 mm. Groove welds in corner and T-joints in dynamically loaded structures shall be reinforced with fillet
welds equal to 1/4 T, but need not exceed 10 mm.

Note D: Double-groove welds may have grooves of unequal depth, but the depth of the shallower groove shall be no less than one-fourth of
the thickness of the thinner part joined.

Note E: For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is not
changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

Note F: In the horizontal position the bevel should be on the upper member.

Figure B1 (continued) — Recommended Complete Joint Penetration
Groove Welded Joints (Millimeters)
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148/ Appendix B

Square-groove weld (1)

Butt joint (B) REINFORCEMENT '
Corner joint (C) (E) I (SEE FIGURE 3.2)
REINFORCEMENT G)— | L -
|” {SEE FIGURE 3.2)
i T
1

T
T *‘—-j—
s
Groove Preparation
Base
Metal Thickness Tolerances
(U ="unlimited) Root *Suggested | Weld
Welding Joint Opening As Detailed As Fit Up Welding Size
Process [Designation T T, (R) {see 2.10.3) (see 3.3) Positions (E) Notes
B-P1a 1/4 max — +1/18,-0 +1/16 All 3T,
GMAW 0t01/16 T1 H,I
C-Pla 1/4 max v +1/16,-0 +1/16 All
B-Pla 1/8 — +1/16, -0 +1/16 H,0H 3T
GTAW 0to1/16 T‘ H.I
C-P1a 1/8 1/2 max +1/16, -0 +1/18 All

Note H: Joints welded from one side. These welds are not applicable to dynamically loaded structures.

Note I If fillet welds are used to reinforce partial penetration groove welds In corner joints, they should be equal to 1/4T,, but need not
exceed 3/8 in. They are not considered in the design strength of the joint.

*H = horizontal, OH = overhead., .

Figure B2 — Recommended Partial Joint Penetration
Groove Welded Joints (Inches)
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Appendix B/149
Square-groove weld (1)
Butt joint (B}
(Ep)
[REINFORCEMENT (SEE FIGURE 3.2)
3T |
E4 + E; MUST NOT EXCEED 'Zl L l
R
Groove Preparation
Base Tolerances
Metal Thickness Root Suggested Weld
Welding Joint Opening As Detailed As FitUp Welding Size
Process |Designation Ty (R) {see 2.10.3) (see 3.3) Positions (E) Notes
GMAW B-P1b 3/8 max 0t03/32 +1/16,-0 +1/16 All 34i G
Single-V-groove weld (2) Tolerances
Butt joint (B)
Corner joint (C) As Detailed AsFitUp
(see 2.10.3) {see 3.3)
REINFORCEMENT o S{E}/\ R +1/16.-0 +1/16
{SEE FIGURE 3.2) \f 7 s -
‘ ) f +1/16,-0 £1/16
| [~
ir1 {I 11 o | 10000 | +10°-5°
{ i N«
B l_..vl‘__l
t R
R To
Base Groove Preparation
Metal Thickness
(U = unlimited) Root Root Groove Suggested Weld
Welding Joint Opening Face Angle Welding Size
Process |Designation T; T, (R} (f) ()] Positions (E) Notes
GMAW BC-P2 1/4 min u Oto1/16 1/16 min 60° All S H.1,J
GTAW BC-P2 [ 1/3MIN 1 4/5 max | 0101716 | 1/16 min 60° Al s H1J

Note G: Root need not be backgouged before welding second side. This joint is not applicable to dynamically loaded structures..
Note H: Joints welded from one side. These welds are not applicable to dynamically loaded structures.

Note I:  If fillet welds are used to reinforce partial penetration groove welds in corner joints, they should be equal to 1/4T,, but need not
exceed 3/8 in. They are not considered in the design strength of the joint.

Note J: Minimum weld size {(E} as shown in Table 2.1 and as specified on drawings.

Figure B2 (continued) — Recommended Partial Joint Penetration
Groove Welded Joints (Inches)
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150/ Appendix B
Double-V-groove weld (3) Tolerances
Butt joint (B)
As Detailed As Fit Up
(see 2.10.3) (see 3.3)
R +1/16,-0 +1/16
f +0 t1/16
@ +10°, -0° +109°, -5°
Groove Preparation
Base
Metal Thickness Root Root Groove Suggested Weld
Welding Joint Opening Face Angle Welding Size
Process Designation T (R} (f) () Positions (E) Notes
GMAW B-P3 3/8 min Oto1/16 1/16 min 60° All S$1+5, J.K
GTAW B-P3 178 min 0101716 | 1/16 min 60° Al S,+S JK
1/2 max 1792 ‘

Note J: Minimum weld size (E) as shown in Table 2.1 and as specified on drawings.

Note K: Double-groove welds may have grooves of unequal depth, provided they conform to the limitations of Note J. Also, the weld size (E)
less any reduction, applies individually to each groove.

Single-bevel-groove weld (4) Tolerances
Butt joint (B)
T-jaint (T) As Detailed As Fit Up
Corner joint {C) (see 2.10.3) (see 3.3)
R +1/16, -0 +1/16
f +0 +1/16
] +109°, -0° +109, -5°
Base Groove Preparation
Metal Thickness
{U = unlimited) Root Root Groove | *Suggested Weld
Welding Joint Opening Face Angle Welding Size
Process |Designation Ty T, {R) f) {a) Positions (E) Notes
FV S
GMAW BTC-P4 1/4 min u Oto1/16 1/16 min 60° E.H.IJ.L
H,OH S5-1/8
1/8 min : o
GTAW BTC-P4 1/2 max 1/2max | Oto1/16 1/16 min 60 Al S-1/8 E,H,I,J,L

Note E: For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is not
changed and adequate edge distance is maintained to support the welding operations without excessive edge meiting.

Note H: Joints welded from one side. These welds are not applicable to dynamically loaded structures.

Note I:  Iffillet welds are used in buildings to reinforce groove welds in corner joints and T-joints, they should be equal to 1/4T;, but need
not exceed 3/8 in. They are not considered in the design strength of the joint.

Note J: Minimum weld size (E) as shown in Table 2.1 or as specified on drawings.
Note L: Unbeveled face is lower edge for horizontal weld.
*F =flat, V = vertical, H = horizontal, OH = overhead.,

Figure B2 (continued) — Recommended Partial Joint Penetration
Groove Welded Joints (Inches)
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Appendix B/ 151
Double-bevel-groove weld (5) Tolerances
Butt joint (B)
T-joint {T) As Detailed As Fit Up
C joi 2.10. .
orner joint (C) Sy (Es) S, (Ea) {see 2.10.3) (see 3.3)
R +1/16,-0 +1/16
r
! f +1/16,-0 £1/16
L)
E @ #10°,-0° | +10°-5°
. , G
1
Lo e 5 >\
SN % NOTE E H:
“'Tz-’rl:—R NOTE | “‘Tz R
Base Groove Preparation
Metal Thickness
{U = unlimited) Root Root Groove | *Suggested Weld
Welding Joint Opening Face Angle Welding Size
Process |Designation T; T, (R) {f) [ Positions {E) Notes
FV S1+S,
GMAW BTe-P5 | 3/8 min U Oto1/16 1/16 min 60° E 1, J.K
H,OH (S¢+8S,)-1/8
1/8 min . °
GTAW TC-P5 172 max 1/2max | Oto1/16 1/16 min 60 All {S1+S,)-1/8| EILJK
Note E: For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is not
changed and adsquate edge distance is maintained to support the welding operation without excessive edge melting.
Note I: I fillet welds are used in statically Joaded structures to reinforce groove welds in corner and T-joints, they should be equal to
1/4T,, but need not exceed 3/8 in. They are not considered in the design strength of the joint.
Note J: Minimum weld size (E) as shown in Table 2.1 or as specified on drawings.
Note K: Double-groove welds may have grooves of unequal depth, provided they conform to the limitations of Note J. Also the weld size (E),
less any reduction, applies individually to each groove.
*F = flat, V = vertical, H = horizontal, OH = overhead.
Figure B2 (continued) — Recommended Partial Joint Penetration
Groove Welded Joints (Inches)
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152/ Appendix B
Single-U-groove weld (6) Tolerances
Butt joint (B)
Corner joint (C) As Detailed As Fit Up
(see 2.10.3) (see 3.3)
R +1/16, -0 +1/18
-
L f +0 +1/16
l{- a +109, -0° +10°, -5°
r +1/8, -0 +1/16
Base Groove Preparation
Metal Thickness
(U = unlimited) Root Root Groove Groove Suggested | Weld
Welding Joint Opening Face Angle Radius Welding Size
Process |Designation Ti T, (R} {f) (@) (r) Positions (E) Notes
GMAW BC-P6 1/4 min U 0to1/16 | 1/16 min 60° 1/4 Ail S JH
Double-U-groove weld (7) Tolerances
Butt joint (B)

As Detailed As Fit Up
{see 2.10.3) (see 3.3)

R +1/18, -0 t1/16

f +0 t1/16

« | +100-00 | +100 5o .
+1/8, -0 +1/16 '

Groove Preparation
Base
Metal Thickness Root Root Groove Groove Suggested | Weld
Welding Joint Opening Face Angle Radius Welding Size
Process |Designation Ty (R) (f) {a) r) Positions (E) Notes
GMAW B-P7 3/8 min Oto1/16 | 1/16 min 60° 1/4 All S:+8, J,K

Note H: Joints welded from one side. These welds are not applicable to dynamically loaded structures.
Note J: Minimum weld size (E) as shown in Table 2.1 or as specified on drawings.

Note K: Double-groove welds may have grooves of unequal depth, provided they conform to the limitations of Note J. Also the weld size (E),
less any reduction, applies individually to each groove.

Figure B2 (continued) ~ Recommended Partial Joint Penetration
Groove Welded Joints (Inches)
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Appendix B/153
Single-J-groove weld (8} Tolerances
Butt joint (B)
T-joint (T) As Detailed As Fit Up
Corner joint (C) ‘_h—-s T3] {see 2.10.3) {see 3.3)
! NOTE E
: - R +1/16,-0 +1/16
B f +0 +1/16
« +10°, -0° +10°, -6°
r +1/8,-0 +1/16
Base Groove Preparation
Metal Thickness
(U = unlimited) Root Root Groove Groove Suggested | Weld
Welding Joint Ogpening Face Angle Radius Welding Size
Process |Designation T Ty {R) {f) {a) (r) Positions {E} Notes
GMAW BTC-P8 |1/4 min U Oto1/16 | 1/16 min 60° 3/8 All S EJ H

Note E: For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is not
changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

Note H: Joints welded from one side. These welds are not applicable to dynamically loaded structures.
Note J: Minimum weld size (E) as shown in Table 2.1 or as specified on drawings.

Double-J-groove weld (9) Tolerances
Butt joint (B)
T-joint (T) As Detailed As Fit Up
Corner joint (C) {see 2.10.3) {see 3.3)
R +1/186,-0 +1/16
f 10 +1/16
« +109°, -0° +109°, -5°
r +1/8,-0 +1/16
Base Groove Preparation
Metal Thickness
(U = unfimited) Root Root Groove Groove Suggested | Weld
Welding Joint Opening Face Angle Radius Welding Size
Process |Designation Ty T, (R) {f) () {r) Positions (E) Notes
GMAW BTC-P9 |3/8 min u Oto 1/16 | 1/16 min 60° 3/8 All $148, ELJK

Note E: For corner joints, the outside groove preparation may e in either or both membars, provided the basic groove configuration is not
changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

Note I: Iffillet welds are used in statically loaded structures to reinforce groove welds in corner or T-joints, they should be equal to 1/4T,,
but need not exceed 3/8 in. They are not considered in the design strength of the joint.

Note J: Minimum weld size (E} as shown in Table 2.1 or as specified on drawings.

Note K: Double-groove welds may have grooves of unequal depth, provided they conform to the limitations of Note J. Also the weld size (E},
less any reduction, applies individually to each groove.

Figure B2 (continued) — Recommended Partial Joint Penetration
‘ Groove Welded Joints (Inches)
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154/ Appendix B
Square-groove weld (1)
Butt joint (B) REINFORCEMENT
Corner joint (C) (SEE FIGURE 3.2)
_ REINFORCEMENT f
(SEE FIGURE 3.2) {
! T

L,

T, 4
M
ALL DIMENSIONS IN mm

Groove Preparation
Base
Metal Thickness Tolerances
(U = unlimited) Root Suggested Weld
Welding Jaint Opening As Detailed As Fit Up Welding Size
Positions [Designation T T, (R) {see 2.10.3) {see 3.3) Positions (E) Notes
B-P1a 6.4 max — +1.6,-0 +1.6 All 3T
GMAW 0t0 1.6 T1 H.i
C-P1a 6.4 max U +186,-0 +1.6 All
B-P1a 3.2 —_ +1.6, -0 +1.6 H,OH 3T
GTAW 0to1.6 T‘ H,I
C-Pla 3.2 12,7 max +1.6,-0 +1.6 All

Note H: Joints welded from one side. These welds are not applicable to dynamically loaded structures.

Note I: If fillet welds are used to reinforce partial penetration groove welds in corner joints, they should be equal to 1/4T but need not
exceed 10 mm, They are not considered in the design strength of the joint. ‘

Figure B2 (continued) — Recommended Partial Joint Penetration
Groove Welded Joints (Millimeters)
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Appendix B/ 155

Square-groave weld (1)

‘ Butt joint (B)

3T
E, + E; MUST NOT EXCEED T‘
ALL DIMENSIONS IN mm
Groove Preparation
Base Tolerances
Metal Thickness Root Suggested Weld
Welding Joint Opening As Detailed As Fit Up Welding Size
Positions |Designation Ty {R) {see 2.10.3) (see 3.3) Positions (E) Notes
3m,
GMAW B-P1b 9.6 max Oto2 +1.6,-0 +1.6 All 2 G
Single-V-groove weld (2) Tolerances
Butt joint (B)
Corner joint (C) As Detailed As Fit Up

(see 2.10.3) {see 3.3)

REINFORCEMENT
R +1.6,-0 £1.6
‘ ; f +1.6,-0 £16
|
. o $109,-0° | +10°,-5°

ALL DIMENSIONS IN mm

Base Groove Preparation
Metal Thickness
{U = unlimited) Root Root Groove Suggested Weld
Welding Joint QOpening Face Angle Welding Size
Process |Designation T; Ty (R) (f) {a) Positions (E) Notes
GMAW BC-P2 6.4 min — Oto 1.6 1.6 min 60° All S H,LJ
etaw | BcP2 | 3Z™P 1127 max| 01016 | 16min 60° Al s H1J

Note G: Root need not be backgouged before welding second side. This joint is not applicable to dynamically loaded structures.
Note H: Joints welded from one side. These welds are not applicable to dynamically loaded structures.

Note I: If fillet welds are used to reinforce partial penetration groove welds in corner joints, they should he equal to 1/4T; but need not
exceed 10 mm. They are not considered in the design strength of the joint.

Note J: Minimum weld size (E) as shown in Table 2.1 and as specified on drawings.

Figure B2 (continued) — Recommended Partial Joint Penetration
Groove Welded Joints (Millimeters)
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156/ Appendix B
Double-V-groove weld (3) Tolerances
Butt joint (B) -
As Detailed As Fit Up
(see 2.10.3) (see 3.3)
R +1.6,-0 +1.6
% f +0 1.6
a +10°, -0° +10°, -5°
ALL DIMENSIONS IN mm
Groove Preparation
Base
Metal Thickness Root Root Groove Suggested Weld
Welding Joint Opening Face Angle Welding Size
Process |Designation T {R) {f) (@) Positions (E) Notes
GMAW B-P3 9.6 min 0to1.6 1.6 min 60° All $:+5, J.K
3.2 min .
GTAW B-P3 127 M 0t01.6 1.6 min 60° Ali S8, J.K

Note J: Minimum weld size (E) as shown in Table 2.1 and as specified on drawings.

Note K: Double-graove welds may have grooves of unequal depth, provided they conform to the limitations of Note J. Also, the weld size (E)
less any reduction, applies individually to each groove.

Single-bevel-groove weld (4) Tolerancss
Butt joint (B)
T-joint (T) As Detailed As Fit Up
Corner joint (C) NOTE E (see 2.10.3) | (see 3.3) .
R +1.8, -0 £1.6
t f +0 +1.6
1
L « +10°, -0° +10°, -56°
NOTE |
Base Groove Preparation
Metal Thickness
{U = unlimited) Root Root Groove | *Suggested Weld
Welding Joint Opening Face Angle Welding Size
Process |Designation T4 Ty {R) {f) (o) Positions (E) Notes
F Vv S
GMAW BTC-P4 6.4 min u Oto 1.6 1.6 min 60° E,H,IJ,L
H,OH S-3
3.2 min .
GTAW BTC-P4 12.7 max 127 max| Oto1.6 1.6 min 60° All S-3 E,H,IJ,L

Note E: For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is not
changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

Note H: Joints welded from one side. These welds are not applicable to dynamically loaded structures.

Note I: If fillet welds are used in buildings to reinforce groove welds in corner and T-joints, they should be equal to 1/4T;, but need not
exceed 10 mm. They are not considered in the design strength of the joint.

Note J: Minimum weld size (E) as shown in Table 2.1 or as specified on drawings.
Note L: Unbeveled face is lower edge for horizontal weld.
¥F =flat, V = vertical, H = horizontal, OH = overhead.

Figure B2 (continued) — Recommended Partial Joint Penetration
Groove Welded Joints (Millimeters)
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Appendix B/ 157
Double-bevel-groove weld (5} Tolerances
Butt joint (B)
‘ T-joint (T) AsDetailed | AsFitUp
Corner joint (C) Sy (E,) (see 2.10.3) {see 3.3)
R +1.6, -0 +1.6
[SalAa
H f +1.6,-0 +1.6
% E p $10°,-0° | +10°,-5°
]
te~dy N S 1

1
« 2NOTEE
|'—T2»r R NOTE |

ALL DIMENSIONS IN mm

Base Groove Preparation

Metal Thickness

{U = unlimited) Root Root Groove | *Suggested Weld
Welding Joint Opening Face Angle Welding Size
Process |[Designation T T, (R) {f} (o) Positions {E) Notes

FV S1+S,
GMAW BTC-P5 9.6 min U Oto1.6 1.6 min 60° ElJ.K
H,OH (S1+S3)-3
‘Graw | Te-Ps | 32MIN 497 max| 0to16 | 1.6min 60° Al (5,485)-3 | ELJK
12.7 max ’ ’ ’ 1792 thas

Note E: For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is not
changed and adequate edge distance is maintained to support the welding operation without excessive edge melting.

Note I: I fillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they should be equal to
1/4Ty; but need not exceed 10 mm. They are not considered in the design strength of the joint.

Note J: Minimum weld size (E) as shown in Table 2.1 or as specified on drawings.

Note K: Double-groove welds may have grooves of unequal depth, provided they conform to the limitations of Note J. Also, the weld size
‘ (E), less any reduction, applies individually to each groove.

*Flat = flat, H = horizontal, V = vertical, OH = overhead.

Figure B2 (continued) — Recommended Partial Joint Penetration
Groove Welded Joints (Millimeters)
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AUS DL.Z 90 EH 07842L5

0010681 1 =

Single-U-groove weld (6) Tolerances
Butt joint (B)
Corner joint (C) As Detailed As Fit Up
(see 2.10.3) {see 3.3)
R +1.6,-0 1.6
f +0 +16
@ +10°, -0° +10°, ~5°
r +3,-0 +1.6
ALL DIMENSIONS IN mm
. Base Groove Preparation
Metal Thickness
(U = unlimited) Root Root Groove Groove Suggested | Weld
Welding Joint Opening Face Angle Radius Welding Size
Process |Designation T T, (R) (f) (a) {r) Positions (E) Notes
GMAW BC-P6 6.4 min U Oto1.6 1.6 min 60° 6 Al S J,H
1
Double-U-groove weld (7) Tolerances
Butt joint (B)
As Detailed As Fit Up
(see 2.10.3) (see 3.3)
R +1.6,-0 +1.6
f +0 +1.6
« +10°, -0° +109°, -5°
r +3,-0 +1.6
ALL DIMENSIONS IN mm
Groove Preparation
Base
Metal Thickness Root Root Groove Groove Suggested | Weld
Welding Jaint Opening Face Angle Radius Welding Size
Process |Designation T {R) {i] (a) (r) Positions (E) Notes
GMAW B-P7 9.5 min Oto 1.6 1.6 min 60° 6 All S$1+S, J.K

Groove Welded Joints (Millimeters)

Copyright by the American Welding Society Inc
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Note H: Joints welded from one side. These welds are not applicable to dynamically loaded structures.
Note J: Minimum weld size (E} as shown in Table 2.1 or as specified on drawings.
Note K: Double-groove welds may have grooves of unequal depth, provided they conform to the limitations of Note J. Also the weld size (E),

less any reduction, applies individually to each groove.

Figure B2 (continued) — Recommended Partial Joint Penetration
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Appendix B/ 159
Single-J-groove weld (8) Tolerances
Butt joint (B)
T-joint (T) As Detailed As Fit Up
Corner joint (C) r (see 2.10.3) {see 3.3}
NOTE £ R +1.6,-0 +1.6
f +0 +1.6
@ +10°, -0° +109, -6°
I"T'Z’| r +3,-0 +1.6

ALL DIMENSIONS IN mm

Base Groove Preparation
Metal Thickness
{U = unlimited) Root Root Groove Groove Suggested | Weld
Welding Joint Opening Face Angle Radius Welding Size
Process |Designation T T (R) ) {c} {r) Positions {E) Notes
GMAW BTC-P8 | 6.4 min u Oto1.6 1.6 min 60° 10 All S E,JH

Note E: For corner joints, the outside groove preparation may be in either or both members, provided the basncgroove configuration is not
changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

Note H: Joints welded from one side. These welds are not applicable to dynamically loaded structures.
Note J: Minimum weld size (E) as shown in Table 2.1 or as specified on drawings.

Double-J-groove weld (9) Tolerances
Butt joint (B)
T-joint (T) As Detailed As Fit Up
Corner joint (C) {see 2.10.3) {see 3.3)
R +1.6,-0 +1.6
f +0 +1.6
a +10°, -0° +10°,-5°
r +3,-0 *+1.6

ALL DIMENSIONS IN mm

] Base Groove Preparation
Metal Thickness
{U = unlimited) Root Root Groove Groove Suggested | Weld
Welding Joint Opening Face Angle Radius Welding Size
Process |Designation T T, (R) {f) (@) {r) Positions (E) Notes
GMAW BTC-P9 | 9.5 min U Oto1.6 1.6 min 60° 10 All Si+S, | ElJK

Note E: For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is not
changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

Note I: If fillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they should be equal to
1/4T;, but need not exceed 10 mm. They are not considered in the design strength of the joint.

Note J: Minimum weld size (E) as shown in Table 2.1 or as specified on drawings.

Note K: Double-groove welds may have grooves of unequal depth, provided they conform to the limitations of Note J. Also the weld size (E),
less any reduction, applies individually to each groove.

Figure B2 (continued) — Recommended Partial Joint Penetration
‘ Groove Welded Joints (Millimeters)

Copyright by the American Welding Society Inc
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Appendix C
Effective Throat

(This Appendix is not part of ANSI/AWS D1.2-90, Structural Welding Code— Aluminum, but is included for
information purposes only)

EFFECTIVE
THROAT

EFFECTIVE

THROAT EFFECTIVE

THROAT

(| t

Note: The effective throat of a weld is the minimum distance from the root of a weld to its face, less any reinforcement.

Copyright by the American Welding Society Inc
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Appendix D

Plug and Slot Welds

(This Appendix is not part of ANSI/AWS D1.2-90, Structural Welding Code— Aluminum, but is included for

information purposes only.)

D1. Plug Welds

In making plug welds, the following technique may be
used.

D1.1 For welds made in the flat and overhead positions,
the arc is carried around the root of the joint and then
carried along a spiral path to the center of the hole,
fusing and depositing a layer of weld metal in the bottom
of the hole. After the deposited layer has been cleaned,
the arc is struck at the periphery of the hole and the
procedure repeated, fusing and depositing successive
layers to fill the hole to the required depth.

Copyright by the American Welding Society Inc
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D1.2 For welds made in the vertical position, the arc is
struck at the root of the joint, at the lower side of the
hole, and carried upward along a zig-zag path, deposit-
ing a layer about 3/16 in. (5 mm) thick on the exposed
surface of the inner member and fused to it and to the
side of the hole. After cleaning the weld, additional layers
are similarly deposited and cleaned to fill the hole to the
required depth.

D2. Slot Welds

Slot welds shall be made with a technique similar to
that specified for plug welds.
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Appendix E
Sample Welding Forms

(This Appendix is not part of ANSI/AWS D1.2-90, Structural Welding Code— Aluminum, but is inciuded for
information purposes only.)

Copyright by the American Welding Society Inc
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WELDING PROCEDURE SPECIFICATION (WPS)

Welding Procedure .
Specification No. Date Approved
Revisions Date Approved
Supporting PQR Numbers
Joints Filler Metal
Groove Design Sketch F-No. = AWSNo.
Class
Size of electrode
Type of electrode
Other
Shielding Gas
Shielding gas(es)
Percent composition
Flow rate
Other
Backing
Type Position
Permanent Position of groove
Removed Welding progression
Other Other
Base Metals Preheat
GroupNo..________ Thickness to Preheat temperature
Alloy and Temper Interpass temperature

Form E(a)

Copyright by the American Welding Society Inc
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Appendix E/167

WELDING PROCEDURE SPECIFICATION (WPS)

‘ Pass | Welding Travel
Cleaning no. | process Amps Voits speed

Initial cleaning oxide

Initial cleaning oil and dirt

Interpass cleaning

Post Weld Heat Treatment

Original temper

Final temper

Temperature

Time

Quench

Process(es)

Process Type*

Process. Type*

‘ Electrode (GTAW)

Technique

Stringer or weave bead

Orifice or gas cup size

Oscillation

Contact tube to work distance

Single pass or multipass

per side
Tungsten extension

Method of back gouging
Other

*Manual, automatic, polarity, pulse, etc. Sketch of welding sequence

‘ Form E(a) (continued)

Copyright by the American Welding Society Inc
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168/ Appendix E
PROCEDURE QUALIFICATION RECORD (PQR)
Procedure Qualification Record no. Date .
WPS no. Process(es) 1. 2.
1. 2,
Design sketch Welding sequence sketch
Pass Process Travel

Base metals no. no. Amps Voits speed
Group no. To
Alloy and Temper To
Thickness To
Fliler metals
F-number
AWS class
Diameter .
Shielding gas(es) e
Percent composition . .
Flow rate Type of welding power source ’
Tungsten electrode (GTAW)
Size . Single or multiple electrode
Type Stringer or weave bead
Backup type Welding current
Alloy Polarity ACorbe
Back gouging Position of groove
Cleaning procedure initial Preheat
Oxide removal method Preheat temperature
Degreasing agent Interpass temperature
Cleaning procedure Interpass
Smut removal Post weld heat treatment
Dye penetrant removal Original temper

Final temper

Temperature

Time

Quench

Form E(b) ‘ .

Copyright by the American Welding Society Inc
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Appendix E/169
PROCEDURE QUALIFICATION RECORD (PQR)
. GROOVE WELD TEST
Specimen Ultimate tensile Ultimate unit | Character of failure
no. Width Thickness Area load, Ib stress, psi and location
GUIDED BEND TEST
Bend jig ' Bend jig
Type of bend Fig. no. Result Type of bend Fig. no. Results

. Visual examination Pass Faii

Type and character of failure

FILLET WELD TEST
Fracture test Root fusion
Pass or fail Yes or no

Macro test: Weld size and contour Penetration

Sat. or Unsat. Sat. or Unsat.
Welder's name Clockno. —______ Stamp no.
Tests conducted by: Laboratory
Test number Per:

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in
accordance with the requirernents of section 5, ANSI/AWS D1.2, Structural Welding Code — Aluminum.,

Signed

Manufacturer

Date By

. Form E(b) (continued)

Title

Copyright by the American Welding Society Inc
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170/ Appendix E
MANUFACTURER’S RECORD QUALIFICATION TESTS

OF WELDER OR WELDING OPERATOR OR TACK WELDER .
Name Clock No..—________ Stamp No. Retest
Welding Process Type
In accordance with welding procedure specification WPSNo. ___~ and PQR No.
Material Group To Group Alioy To
Thickness of Test Material
Filler Metal F No. AWS Class Diameter
Other
Position Backing Material

(1G, 2G, 6G)
Electrical Characteristics: Current Polarity
Shielding Gas Flow

For Information Only
Power Source
(Make, model, type)

Wire Feeder

Welding Torch

VISUAL INSPECTION (9.8.1)

Appearance Undercut Piping Porosity
GUIDED BEND TEST RESULTS .
Type of | Specimen | Bend jig Bend Type of |Specimen | Bend jig Bend
bend | thick, in. | Fig.no. | diam. in. | Result bend thick., in. | Fig. no. | diam., in. Result

Radiographic resuits: Alternative qualification of groove welds by radiography in accordance with Subs. 5.7.3 ___

Test conducted by * Laboratory: Test No.
per

FILLET WELD TEST RESULTS
Fracture test

(Describe the location, nature, and size of any crack or tearing of specimen.)

Length and percent of defects Inches %
Appearance: Fillet Size in. X in. Convexity or Concavity in.
Test conducted by : Laboratory: Test No.

per

We certify that the statements in this record are correct and that the test weids were prepared, welded, and tested in
accordance with the requirements of ANSI/AWS D1.2, Structural Welding CGode-Aluminum.

Signed B
9 (Organization) Y ‘

Date Title

Form E(¢)

Copyright by the American Welding Society Inc
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Appendix Ef171

WELDING PROCEDURE SPECIFICATION (WPS)

‘ FOR STUD WELDING APPLICATIONS
Specification No. Date Approved
Revisions Date Approved

Supporting PQR Numbers

Joints

Stud Base Sketch

Base Metals

M-No._______ Specification
Thickness to

Alloy and Temper.

Pipe or Tube Diameter

Alloy and Temper

Stud Materials

F-No. . Specification
Stud Diameter

Other

‘ Welding Process

Arc Stud Welding

Capacitor Discharge

Contact Method

Gap Method

Drawn Arc Method

Cleaning
Initial Oxide Cleaning

Initial Oil & Dirt Cleaning

Machine Setlings

Shielding Gas
Shielding Gas(es)

Percent Composition

Flow Rate

Other

Ferrules

Ferrule Material

Ferrule Specification

Ferrule Description

Power Supply Make
Stud Gun Mode!

Current/Polarity

Amperage Range Setting
Stud-to-work Distance

Lift Setting

Model No.

Timer Range Setting

Capacitance or Power Tap Setting
Other

Cable Size

Length

. Form E(d)

Copyright by the American Welding Society Inc
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PROCEDURE QUALIFICATION RECORD (PQR)
FOR STUD WELDING APPLICATIONS

WFS No.

Procedure Qualification Record No.

Date

Process

Machine Settings
Power Supply Make

Model No.

Stud Gun Model

Timer Range Setting

Current/Polarity

Capacitance or Power Tap Setting

Amperage Range Setting
Stud-to-work Distance

Lift Setting

Cable Size

Le

ngth

Other

Base Metals

Thickness

M-No.____ Specification

to

Alloy and Temper

Pipe or Tube Diameter

Alloy and Temper

Ferrules
Ferrule Material

Ferrule Specification

Ferrule Description

Stud Base Sketch

Stud Materials

F-No. ___ Specification

Stud Diameter

Other

Shielding Gas
Shielding Gas(es)

Percent Composition

Flow Rate

Other

Cleaning
Initial Oxide Cleaning

Initial Oil & Dirt Cleaning

Other
Welding Position

Wetting Agent
Ferrule Description

Tension Test
Option No. 2

Tension Test
Option No. 1

Test Results Visual Bend
Acceptance Test
Stud No. 1
Stud No. 2
Stud No. 3
Stud No. 4
Stud No, 5
Stud No. 6
Stud No. 7
Stud No. 8
Stud No. 9
Stud No. 10

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in
accordance with the requirements of section 7, ANSI/AWS D1.2, Structural Welding Code-Aluminum. ’

Signed By

{Manufacturer)
Date Title

Form E(e)

Copyright by the American Welding Society Inc
Sat Jul 05 14:57:36 1997



AWS Dl.2 90 WM 07842L5 00LO0LY93 & mm

Appendix F

Sample Nondestructive Testing Forms

(This Appendix is not part of ANSI/AWS DI1.2-90, Structural Welding Code— Aluminum, but is included for
information purposes only.)
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REPORT OF RADIOGRAPHIC EXAMINATION OF WELDS

Project

Quality requirements—section no.
Reported to

Weld Location and Identification Sketch Weld drawing no.
Base alloy (s)

Filler alloy

Technique
Source KV MA

Film to source

Exposure time Min Max

Screens

Film type

(Describe length, width, and thickness of all joints radiographed)

Iinterpretation Repairs
Date Weld identification Area prea . ep - Remarks
Accept Reject Accept Reject

We, the undersigned, certify that the statements in this record are correct and that the welds were prepared and tested
in accordance with the requirements of ANSI/AWS D1.2, Structural Welding Code— Aluminum.

Radiographer (s) Manufacturer or contractor
Interpreter Authorized by
Date
Form F(a)

Copyright by the American Welding Society Inc
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Appendix F/175
REPORT OF VISUAL AND DYE-PENETRANT EXAMINATION

Project

Quality requirements —section no.

Reported to

Weld Location and Identification Sketch Weld drawing no.
Base alloy(s)
Filler alloy
Post weld treatment
Dye-penetrant type
(Describe length, width, thickness of joints and face inspected)
Interpretation Repairs
Dat Weld identificati Al Remark
ate eld identification rea Accept Reject Accept Reject emarks

We, the undersigned, certify that the statements in this record are correct and that the welds were prepared and tested
in accordance with the requirements of ANSI/AWS D1.2, Structural Welding Code— Aluminum.

Inspector Manufacturer or contractor
Date Authorized by
Date

‘ Form F(b)

Copyright by the American Welding Society Inc
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Appendix G

Solutions for Macroetching Aluminum Weldments

(This Appendix is not part of ANSI/AWS D1.2-90, Structural Welding Code— Aluminum, but is included for

information purposes only.)

G1. Acidic Etchant:

15 ml — hydrochloric acid (conc.)
10 ml — hydrofluoric acid (48%)
85 ml — water-

The solution shall be used at room temperature. The
weldment should be rinsed in clean water. Proper safety
procedures shall be followed when handling and mixing
acids. Always add the acids to water, never add the water
to the acids. Always wear safety goggles when mixing
chemicals, The etching solution should never be allowed
to come into contact with the skin or clothing.

G2. Basic Etchant

A 20% solution of sodium hydroxide is applied at
120°F (50°C) to the area to be etched. The weldment
should be rinsed in clean water. If desmutting is neces-
sary to reveal the weld boundaries, a concentrated nitric
acid dip at room temperature should be used. The weld-
ment should be rinsed thoroughly in clean water prior to
handling with bare hands,

G3. Safety Procedure

G3.1 General. Allchemicals used as etchants are poten-
tially dangerous. All persons using any of the etchants
listed in G1 and G2 should be thoroughly familiar with
all of the chemicals invalved and the proper procedure
for handling and mixing these chemicals. Safety goggles
must be worn at all times when using chemical etchants.
Avoid contact with the skin,

Copyright by the American Welding Society Inc
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G3.2 Handling and Mixing Acids

G3.2.1 Caution shall be used in mixing all chemicals,
especially strong acids. In all cases, various chemicals
should be added slowly INTO the water or solvent while
stirring,

G3.2.2 Hydrofluoric Acid, HF. Incases where hydro-
fluoric acid is used, the solution should be mixed and
used in polyethylene vessels. CAUTION: Hydrofluoric
acid or its solutions should not be allowed to contact the
skin since it can cause painful, serious ulcers if not
washed off immediately.

G4. Basic Recommendations for
Handling of Etching Chemicals

G4.1 Always use protective garb (gloves, apron, protec-
tive glasses or face shicld, etc.) when pouring, mixing, or
etching,

G4.2 Use proper devices (glass or plastic) for weighing,
mixing, containing, or storage of solutions.

G4.3 Wipe up or flush any spills.

G4.4 Dispose of any solutions not properly identified.
Do NOT use unidentified solutions; when in doubt
throw it out!

G4.5 Store and handle chemicals according to manufac-
turer’s recommendations and observe any printed cau-
tions on chemical containers.

G4.6 If uncertain about the proper use of a chemical,
contact your Safety Department.
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Appendix H

Guidelines for Preparation of Technical Inquiries
for the Structural Welding Committee

(This Appendix is not a part of ANSI/AWS D1.2-90, Structural Welding Code— Aluminum, but is included for

information purposes only.)

H1. Introduction

The AWS Board of Directors has adopted a policy
whereby all official interpretations of AWS Standards
will be handled in a formal manner. Under that policy,
all interpretations are made by the Committee that is
responsible for the Standard. Official communication
concerning an interpretation is through the AWS Staff
member who works with that committee. The policy re-
quires that all requests for an interpretation be submitted
in writing. Such requests will be handled as expeditiously
as possible, but due to the complexity of the work and
the procedures that are required to be followed, some
interpretations may require considerable time,

H2. Procedure

All inquiries should be directed to:

Secretary, Structural Welding Commitiee
American Welding Society

550 N.W. LeJeune Road

P.O. Box 351040

Miami, Florida 33135

All inquiries should contain the name, address, and
affiliation of the inquirer, and they should provide
enough information for the Committee to fully under-
stand the point of concern in the inquiry. Where that
point is not clearly defined, the inquiry will be returned
for clarification. For efficient handling, all inquiries
should be typewritten and should also be in the format
used here.

Copyright by the American Welding Society Inc
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H2.1 Scope. Each inquiry should address one single
provision of the Code, unless the point of the inquiry
involves two or more interrelated provisions. That pro-
vision should be identified in the Scope of the inquiry,
along with the edition of the Code that contains the
provisions which the Inquirer is addressing.

H2.2 Purpose of the Inquiry. The purpose of the
inquiry should be stated in this portion of the inquiry.
The purpose can be either to obtain an interpretation of a
Code requirement or to request the revision of a particu-
lar provision in the Code.

H2.3 Content of the Inquiry. The inquiry should be
concise, yet complete, to enable the Committee to
quickly and fully understand the point of the inquiry.
Sketches should be used when appropriate and all para-
graphs, figures, and tables (or the appendix), which bear
on the inquiry should be cited. If the point of the inquiry
is to obtain a revision of the Code, the inquiry should
provide technical justification for that revision.

H2.4 Proposed Reply. The inquirer should, as a pro-
posed reply, state an interpretation of the provision that

_is the point of the inquiry, or the wording for a proposed

revision, if that is what the inquirer seeks.

H3. Interpretation of Code Provisions

Interpretations of Code provisions are made by
the Structural Welding Committee. The Secretary of
the Committee refers all inquiries to the chairman of the
particular subcommittee that has jurisdiction over the
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portion of the Code addressed by the inquiry. The sub-
committee reviews the inquiry and the proposed reply to
determine what the response to the inquiry should be.
Following the subcommittee’s development of the re-
sponse, the inquiry and the response are presented to the
entire Structural Welding Committee for review and
approval. Upon approval by the Committee, the inter-
pretation becomes an official interpretation of the
Society, and the Secretary will transmit the response to
the inquirer and to the Welding Journal for publication.

H4. Publication of Interpretations

All official interpretations are published in the Weld-
ing Journal,

HS. Telephone Inquiries

Telephone inquiries to AWS Headquarters concern-
ing the Structural Welding Code should be limited to
questions of a general nature or to matters directly
related to the use of the Code. The Board of Directors’

Copyright by the American Welding Society Inc
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Policy requires that all Staff members respond to a
telephone request for an Official Interpretation of any
AWS Standard with the information that such an inter-
pretation can be obtained only through a written
request. The Headquarters Staff can not provide con-
sulting services. The Staff can, however, refer a caller to
any of those consultants whose names are on file at AWS
Headquarters.

H6. The Structural Welding Committee

The Structural Welding Committee’s activities, in
regard to interpretations, are limited strictly to the Inter-
pretation of Code provisions or to consideration of
revisions to existing provisions on the basis of new data
or technology. Neither the Committee nor the Staff is in
a position to offer interpretive or consulting services on:
(1) specific engineering problems, or (2) Code require-
ments applied to fabrications outside the scope of the
Code or points not specifically covered by the Code. In
such cases, the inquirer should seek assistance from a
competent engineer experienced in the particular field of
interest.
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Appendix I
Guide for Specification Writers

(This Appendix is not a part of ANSI/AWS D1.2-90, Structural Welding Code— Aluminum, but is included for
information purposes only.)

A statement in a contract document that all welding be done in accordance with ANSI/AWS D1.2, Structural
Welding Code— Aluminum, covers only the mandatory welding requirements. Other provisions in the Code are

optional. They apply only when they are specified. Following are some of the more commonly used optional provisions
" and examples of how they may be specified.

. Optional Provision Typical Specification
Fabrication/Erection Fabrication/ Erection inspection
Inspection

shall be performed by the owner. (When not the responsibility of the
contractor 6.1.1)

or

Fabrication/Erection inspection shall be performed by testing agency
retained by the owner.

Note: When fabrication/erection inspection is performed by the owner or
the owner’s testing agency, complete details on the extent of such testing
shall be given.

Verification Inspection (6.1.1) Verification inspection shall be performed by the contractor,
or
Verification inspection shall be performed by the owner.
or

Verification inspection shall be performed by a testing agency retained by
the owner.

or

Verification inspection is waived.

181
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182/ Appendix 1
Nondestructive Testing General: For each type of joint and type of stress (tension, compression,
[other than visual (6.7)] and shear) indicate type of NDT to be used, extent of inspection, any
special techniques to be used, and acceptance criteria. Specific examples ' :

(to be interpreted as examples and not recommendations) follow. The
Engincer shall determine the specific requirements for each condition.

Statically Loaded Structure Fabrication: Moment Connection Tension
Groove Welds in Butt Joints—25% UT inspection of each of the first four
joints, dropping to 109 of each of the remaining joints.

Fillet welds— LP — Inspection of 10% of the length of each weld.

Dynamically Loaded Structure Fabrication: Tension Butt Joints— 100%
RT.

Copyright by the American Welding Society Inc
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Appendix J

Safe Practices

(This Appendix is not a part of ANSI/AWS D1.2-90, Structural Welding Code — Aluminum, but is included for

information purposes only.)

This appendix covers many of the basic elements of
safety general to arc welding processes. It includes many,
but not all, of the safety aspects related to structural
welding. The hazards that may be encountered and the
practices that should minimize personal injury and
property damage are reviewed here,

J1. Electrical Hazards

Electric shock can kill. However, it can be avoided.
Live electrical parts should not be touched. The manu-
facturer’s instructions and recommended safe practices
should be read and understood. Faulty installation,
improper grounding, and incorrect operation and main-
tenance of electrical equipment are all sources of danger.

All electrical equipment and the workpiece should be
grounded. A separate connection is required to ground
the workpiece. The work lead should not be mistaken for
a ground connection,

To prevent shock, the work area, equipment, and
clothing should be kept dry at all times, Dry gloves and
rubber-soled shoes should be worn. The welder should
stand on a dry board or insulated platform.

Cables and connectors should be kept in good condi-
tion. Worn, damaged, or bare cables should not be used.
In case of electric shock, the power should be turned off
immediately. If the rescuer must resort to pulling the
victim from the live contact, nonconducting materials
should be used. A physician should be called and CPR
continued until breathing has been restored, or until a
physician has arrived. See References 1, 2, and 3.
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J2. Fumes and Gases

Many welding, cutting, and allied processes produce
fumes and gases which may be harmful to one’s health.
Fumes and solid particles originate from welding con-
sumables, the base metal, and any coatings present on
the base metal. Gases are produced during the welding
process or may be produced by the effects of process
radiation on the surrounding environment. All persons
associated with the welding operation should acquaint
themselves with the effects of these fumes and gases.

The possible effects of over-exposure to fumes and
gases range from irritation of eyes, skin, and respiratory
system to more severe complications. Effects may occur
immediately or at some later time. Fumes can cause
symptoms such as nausea, headaches, dizziness, and
metal fume fever.

Sufficient ventilation, exhaust at the arc, or both,
should be used to keep fumes and gases from breathing
zones and the general work area.

For more detailed information on fumes and gases
produced by the various welding processes, sece Refer-
ences 4, 5, and 6.

J3. Noise

Excessive noise is a known health hazard. Exposure to
excessive noise can cause a loss of hearing. This loss of
hearing can be either full or partial, and temporary or
permanent. Excessive noise adversely affects hearing
capability. In addition, there is evidence that excessive
noise affects other bodily functions and behavior.

Personal protective devices such as ear muffs or ear
plugs may be employed. Generally, these devices are only
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accepted when engineering controls are not fully effec-
tive, For more information, sce References 7, 8, and 9.

J4. Burn Protection

Molten metal, sparks, slag, and hot work surfaces are
produced by welding, cutting, and allied processes.
These can cause burns if precautionary measures are not
used.

Workers should wear protective clothing made of fire
resistant material. Pant cuffs or clothing with open
pockets or other places on clothing that can catch and
retain molten metal or sparks should not be worn. High
top shoes or leather leggings and fire resistant gloves
should be worn. Pant legs should be worn over the
outside of high top boots. Helmets or hand shields that
provide protection for the face, neck, and ears should be
worn, as well as a covering to protect the head, Clothing
should be kept free of grease and oil. Combustible mate-
rials should not be carried in pockets. If any combustible
substance is spilled on clothing, it should be replaced
with clean fire resistant clothing before working with
open arcs or flame.

Appropriate eye protection should be used at all times.
Goggles or equivalent also should be worn to give added
eye protection.

Insulated gloves should be worn at all times when in
contact with hot items or handling electrical equipment.

For more detailed information on personal protec-
tion, References 1, 10, 11, and 12 should be consulted.

J5. Fire Prevention

Molten metal, sparks, slag, and hot work surfaces are
produced by welding, cutting, and allied processes.
These can cause fire or explosion if precautionary mea-
sures are not used.

Explosions have occurred where welding or cutting
has been performed in spaces containing flammable
gases, vapors, liquids, or dust. All combustible material
should be removed from the work area, Where possible,
move the work to alocation well away from combustible
materials, If neither action is possible, combustibles
should be protected with a cover of fire resistant mate-
rial. All combustible materials should be removed or
safely protected within a radius of 35 feet (11 m) around
the work area,

Welding or cutting should not be done in atmospheres
containing dangerously reactive or flammable gases,
vapors, liquids, or dust. Heat should not be applied to a
container that has held an unknown substance or a
combustible material and whose contents when heated
can produce flammable or explosive vapors. Adequate
ventilation should be provided in work areas to prevent
accumulation of flammable gases, vapors or dusts, Con-
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tainers should be cleaned and purged before applying
heat.

For more detailed information on fire hazards from
welding and cutting operations, see References I, 13, 14,
and 15.

J6. Radiation

Welding, cutting, and allied operations may produce
radiant energy (radiation) harmful to health. All persons
associated with the welding operation should acquaint
themselves with the effects of this radiant energy.

Radiant energy may be ionizing (such as X-rays) or
nonionizing (such as ultraviolet, visible light, or infrared).
Radiation can produce a variety of effects such as skin
burns and eye damage, if excessive exposure occurs.

Some processes such as resistance welding and cold
pressure welding ordinarily produce negligible quantities
of radiant energy. However, most arc welding and cutting
processes (except submerged arc when used properly),
laser welding and torch welding, cutting, brazing, or
soldering can produce quantities of nonionizing radia-
tion such that precautionary measures are necessary.

Protection from possible harmful radiation effects
include the following:

(1) Welding arcs should not be viewed except through
welding filter plates (see Reference 16). Transparent
welding curtains are not intended as welding filter plates,
but rather are intended to protect passersby from inci-
dental exposure.

(2) Exposed skin should be protected with adequate
gloves and clothing as specified. See Reference 1.

(3) The casual passerby to welding operations should
be protected by the use of screens, curtains, or adequate
distance from aisles, walkways, etc,

(4) Safety glasses with ultraviolet protective side
shields have been shown to provide some beneficial pro-
tection from ultraviolet radiation produced by welding
arcs.

J7. Radiographic Procedures

The problems of protecting personnel against X-rays
and gamma rays are not covered in this standard. Radi-
ographic procedures should be carried out under pro-
tected conditions so that the radiographer will not
receive a maximum whole body radiation dosage ex-
ceeding that permitted by city, state, or national codes.
Mandatory rules and regulations are published by
governmental licensing agencies. Careful radiation
surveys should be made in accordance with appropriate
regulations and codes and should be conducted in the
inspection area as well as adjacent areas under all possi-
ble operating conditions.

For more complete information the user should refer
to References 17, 18, and 19.
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Foreword

(This Foreword is not a part of the Commentary of ANSI; AWS D1.2-90, Structural Welding Code— Aluminum,
but is included for information purposes only.)

This Commentary on ANSI/AWS D1.2-90, Structural Welding Code— Aluminum, has been prepared to generate
better understanding in the application of the Aluminum Code to welding in aluminum construction. Since the
Aluminum Code is written in the form of a specification, it cannet present background material or discuss the
Committee’s intent; it is the function of this commentary to fill that need. Suggestions for application as well as
clarification of the Aluminum Code requirements are offered with specific emphasis on sections that may be less
familiar to the user. '

The Committee recommends that the owner or owner’s representative be guided by this commentary in application of
the Aluminum Code to the structure to be welded. The commentary is not intended to supplement Aluminum Code
requirements, but only to provide a useful document for interpretation and application of the Aluminum Code; the
commentary provisions are not binding.

The fundamental premise of the Aluminum Code is to provide general stipulations applicable to any situation and to
. leave sufficient latitude for the exercise of engineering judgement. The Aluminum Code represents the collective

experience of the Committee. Although some provisions may seem overly conservative, they have been based onsound
engineering practice. The Commitiee believes that a commentary is the most suitable means to provide clarification as
well as proper interpretation of many of the Aluminum Code requirements. Obviously, the size of the commentary had
to impose some limitations with respect to the extent of coverage.

This commentary is not intended to provide a historical background of the development of the Aluminum Code, nor
is it intended to provide a detailed resume of the studies and research data reviewed by the Committee in formulating the
provisions of the Aluminum Code.

Generally, the Code does not treat such design considerations as loading and the computation of stresses for the
purpose of proportioning the load-carrying members of the structure and their connections. Such considerations are
assumed to be covered elsewhere, such as the Aluminum Association’s Specification for Aluminum Structures, or
similar documents.

The Committee has endeavored to produce a useful document suitable in language, form, and coverage for welding in
aluminum construction. The Aluminum Code provides a means for establishing welding standards for use in design and
construction by the owner or the owner’s designated representative. The Aluminum Code incorporates provisions for
regulation of welding that are considered necessary for public safety.
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Commentary on

Structural Welding Code — Aluminum

C1. General Provisions

Note: All references to numbered subsections, tables, and figures, unless otherwise indicated, refer to subsections,
tables, or figures in ANSI| AWS D1.2-90— Structural Welding Code— Aluminum. References to subsections, tables,
or figures in this commentary are prefixed with a C. For example, 8.8.1 is in AWS D1.2, while C8.8.1 is in this

Commentary.

C1.1 Scope

The Structural Welding Code — Aluminum, herein-
after referred to as the Code, provides welding require-
ments for the construction of aluminum structures. It is
intended to be complementary with any general code or
specification for design and construction of aluminum
structures.

Although the provisions of the Code are generally
applicable to any aluminum structure, owners, archi-
tects, and engineers using the Code for structures should
recognize that not all of its provisions may be applicable
or suitable to their particular structures.! However, any
modifications of the Code deemed necessary by these
authorities should be clearly referenced in the contrac-
tual agreement between the owner and the contractor.?

1. Recommended provisions are given in section 2, Design;
section 3, Workmanship; and section 4, Technique. Section 4
includes welding procedures, with specific reference to preheat,
filler metals. and other pertinent requirements. Additional
requirements for recommended joints in tubular construction
are given in section 10.

2. Asused in this commentary, the Contractor designates the
party responsible for performing the welding under the Code.
The term is used collectively to mean contractor, fabricator,
erector, manufacturer, etc,

Copyright by the American Welding Society Inc

Sat Jul 05 14:57:36 1997

C1.3 Materials

C1.3.1 The ANSIH35.2-1982 (see Appendix A) specifi-
cations provide for dimensional tolerances. Base metal
used for structural applications is usually furnished
based on these requirements. The Engineer should recog-
nize this, and any special dimensional requirements
should be specified in the information furnished to the
bidders.

€1.3.2 Filler Metals. Several materials have been added
to Table 1.2 in this revision. The user should be aware of
the material properties of these alloys which may require
special welding practices and techniques to achieve pub-
lished properties.

C1.4 Welding Processes

Certain gas metal arc and gas tungsten arc welding
procedures in conjunction with certain related types of
joints have along record of proven satisfactory perform-
ance. These welding procedures and joints are desig-
nated as recommended; they may not be used without
tests or gualification (see section 5).

———
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C2. Design of Welded Connections

C2.1.3 The Engineer preparing contract design draw-
ings cannot specify the depth of groove (S) without
knowing the welding process and the position of weld-
ing. The Code is explicit in stipulating that only the weld
size (E) is to be specified on design drawings for partial
joint penetration groove welds (2.1.3.1). This allows the
contractor to produce the weld size by assigning a depth
of preparation to grooves shown on shop drawings as
related to the chosen welding process and position of
welding.

The root penetration will generally depend on the
angle subtended at the root of the groove in combination
with the root opening, the welding position, and the
welding process. .

C2.5 Partial Joint Penetration Groove
Welds

A partial joint penetration groove weld has an
unwelded portion at the root of the weld. This condition
may also exist with a groove weld in a single-welded joint
without backing and with a groove weld in a double-
welded joint without back gouging. Therefore, the Code
places the same application limits on these welds as for
partial joint penetration groove welds.

The unwelded portions are no more harmful than
those in fillet welded joints. These unwelded portions
constitute a significant stress concentration when fatigue
loading is applied transversely to the joint.

However, when the load is applied longitudinally,
there is no appreciable reduction in fatigue strength.
Irrespective of the rules governing the service application
of these particular groove welds, the eccentricity of
shrinkage forces in relation to the center of gravity of the
joint members will result in angular distortion on cooling

after welding. This angular distortion can also result in
secondary bending due to axial load acting through the
shrinkage-induced eccentricity. Therefore, means shall
be applied to restrain or preclude such rotation, both
during fabrication and in service.

C2.7 Details of Fillet Welds

The Code specifies the minimum fillet weld size and
requires that this size be made in a single pass. This
provision is intended to insure sufficient heat input dur-
ing welding to reduce the possibility of cracking in the
weld metal on cooling, especially in a restrained joint.
The minimum size applies if it is greater than the size
required to carry design loads.

C2.9 Recommended Joint Details —
Complete Joint Penetration
Groove Welds

Recommended joint details have been moved to
Appendix Bl in the Code. Since these details are
recommended and not mandatory, it is more appro-
priate that they be referenced in an appendix.

C2.10 Recommended Joint Details —
Partial Joint Penetration
Groove Welds

Recommended joint details have been moved to
Appendix B2 in the Code. Since these details are
recommended and not mandatory, it is more appro-
priate that they be referenced in an appendix.
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C3. Workmanship

C3.1 General

C3.1.3 Experience has shown that a welder cannot pro-
duce optimum results when working in an environment
where the temperature is lower than 32°F (0°C). Refer-
enceis madein 3.1.3,4.13.3, and 4.16.3 relative to the use
of a heated structure or shelter to protect the welder and
the area being welded, from inclement weather condi-
tions. The environmental conditions inside the structure
or shelter do not alter the preheat or interpass tempera-
ture requirements for base metals stated elsewhere in the
Code.

C3.2 Preparation of the Base Material

C3.2.1.1 Grinding of aluminum for edge preparation
is generally not recommended; however, the Code recog-
nizes that it is necessary in some instances. In these
instances, care must be taken not to contaminate the
basc metal by embedding abrasive particles in the alumi-
num surface.

C3.2.1.2 When plasma arc cuts are made on heat
treatable alloys, 1/8 in. (3 mm) of base metal shall be
removed by machining, except as allowed in 10.7.

C3.2.4 Visual Inspection and Repair of Plate Cut Edges.
The repair procedures for discontinuities in plate cut
edges may not be adequate where tension is applied in
the through-thickness direction of the base metal. For
other directions of loading, this article permits some
lamination-type discontinuities in the base metal. Expe-
rience and tests have shown that laminations parallel to
the direction of tensile stresses do not generally adversely
affect the load-carrying capacity of a structural member.

C3.2.5 In buildings and tubular structures, the Code
permits a smaller re-entrant corner radius than is per-
mitted for bridges. The smaller radius is necessary for
some standard bolted or riveted connections. The un-
acceptable condition defined in the last sentence of 3.2.5
is illustrated in Figure C3.1.
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C3.2.7 Heat-shrink techniques used to correct moderate
variations from specified dimensions shall be employed
only within the limitations outlined in 3.7.5.

C3.3 Assembly

C3.3.1 Typical sketches of the application of the align-
ment requirements for abutting parts to be joined by
welds in butt joints are shown in Figure C3.2 and C3.3.

C3.3.4 Except for the root opening in lap joints and the
separation between a backing and base metal, a root
opening of 1/16 in. (1.6 mm) maximum is permitted for
fillet welding base metal not exceeding 3 in. (75 mmi) in
thickness. For base metal over 3 in., the maximum per-
missible root opening is 5/16 in. (8 mm). These root
openings are necessitated by the allowable mill toler-
ances and inability to bring thick parts into closer align-
ment. The Code presupposes straightening of members
prior to assembly or an application of an external load
mechanism to force and keep the members in alignment
during assembly.

These root openings may require backing, either as
a backing weld or other types of backing capable of
supporting molten weld metal. It should be realized that
upon release of any external jacking loads, additional
stresses may act upon the welds. Any root opening
1/ 16 in. (1.6 mm) or greater requires an increase in size of
the fillet weld leg size by the size of the root opening.

C3.3.7 Tack welds shall comply with the same work-
manship, preheat, etc., and quality criteria required for
finished welds, except as allowed in 10.8.

C3.5 Dimensional Tolerances

C3.5.3 The cambering of structural members is used to
ehminate the appearance of sagging or to match eleva-
tion of adjacent building components when the member
is fully loaded.




C3.5.6 The combined warpage and tilt (A) of the flange
of welded beams and girders is measured, as shown in
Figurc C3.4.

C3.6 Weld Profiles

C3.6.1 Acceptable and unacceptable weld profiles are
shown in Figure 3.2; unacceptable profiles are shown
with modification in Table 10.1 for Class I structures,
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C3.7 Repairs

C3.7.2 The Code permits the contractor to either repair -

or remove and replace an unacceptable weld. It is not the
intent of the Code to give the Inspector authority to
specify the mode of correction.

C3.7.4 Application of localized heat is permitted for
straightening members; however, this shall be done care-
fully so as not to exceed temperature. limitations that

would adversely affect the properties of the aluminum

AET CUTTING BEYOND THE

POINT OF TANGENCY

Note: Any cutting beyond the point of tangency in unacceptable.

and Table 10.2 for Class II Structures. base metal. . :
o e e o ——— o ———
<. <, <
o A e
POINT OF TANGENCY POINT OF TANGENCY POINT OF TANGENCY
\ \ ¢

CUTTING BEYOND THE
POINT OF TANGENCY

Figure C3.1 — Examples of Unacceptable Cutting Beyond the Point of Tangency (see C3.2.5)
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as a departure from the theoretical alignment. (see €3.3.1)
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Note: An offset not exceeding 10% of the thickness of the thinner part joined, but in no case more than 1/8 in. {3 mm), may be permitted

Figure C3.2 —Permissible Offset in Abutting Members. (see C3.3.1)
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Figure C3.3 — Correction of Misaligned Members (see C3.3.1)
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Figure C3.4 — Measurement of Flange Warpage and Tilt (see C3.5.1.6)
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C4. Technique

C4.1 Material Requirements

Recommended combinations of base metals and filler
metals are shown in Table 1.2,

C4.2 Welding Processes

Welding processes covered by the Code are limited to
(1) the gas metal arc welding (GMAW) process, (2) the
gas tungsten arc welding (GTAW) process, and (3) the
plasma arc welding (PAW) process using variable polar-
ity defined in 4.17.
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C4.6 Arc Strikes

Arc strikes result in heating and very rapid cooling.
When located outside the intended weld area, they may
result in localized cracking and may serve as potential
sites for initiating fracture.

C4.11 Thermal Stress-Relief Treatment

When stress-relief of a welded assembly is required,
the limitations listed in this subsection and in Table 3.2
shall apply. These limitations do not apply to artificial
aging of heat-treatable alloys.

o ]
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CS. Qualification of Procedures and Personnel

Part A
General Requirements

C5.2 Qualification of Welding
Procedures

C5.2.2 Many aluminum alloys used in structural appli-
cations are heat treatable. During welding, certain areas
of the heat-affected zone are subjected to temperatures
that cause a partial annealing of the base mectal. The
extent of this partial annealing is dependent upon the
welding conditions affecting the heat input. Thus, these
variations in heat input can drastically alter the load
carrying capacity of the welded structures. Therefore, all
procedures approved for use under this Code shall be
qualified by test.

C5.2.3 The Engineer is encouraged to accept properly
documented evidence of previously qualified proce-
dures. If the Engineer specifically intends to require
requalification of procedures, it should be clearly stated
in the contract documents, so that the contractor can
make a proper estimate of costs.

C5.3 Qualification of Welders, Welding
Operators and Tack Welders

C5.3.1 Welders, welding operators, and tack welders
should have a minimum of three months of successful
experience welding on aluminum alloys. In lieu of such
experience, they should be instructed in the welding of
aluminum and its alloys.

Since tack welds sometimes become a part of the final
weld, the importance of tack welders receiving instruc-
tion in welding aluminum is stressed.

C5.4 Qualification Responsibility

All contractors are responsible for their final product.
Therefore, it is their responsibility to comply with the
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qualification requirements of the Code relative to weld-
ing procedures, welders, welding operators and tack
welders. Properly documented welding procedures and
personnel qualification tests conducted by the contractor
in accordance with this Code are generally acceptable to
the Engineer for the contract.

Part B
Types of Tests, Test Methoads,
and Acceptance Criteria

The types of tests, test methods, and acceptance criteria
for each specific requirement are found in this part of the
Code. It alerts the user to the types of tests required for
procedure and performance qualification and to see the
types and limits of discontinuities that each type of test is
designed to detect.

C5.7 Types and Purposes of Tests

This section describes tests, the procedures for con-
ducting them, and the basis for acceptance. Tables 5.3,
5.4, and 5.5 describe the number, type, and range of
thicknesses for complete joint penetration groove, par-
tial joint penetration groove, and fillet welds, respectively.

Part C
Procedure Qualification

This part sets forth the requirements for qualifying
a welding procedure. The Code recognizes that the
approved aluminum alloys are weldable and that certain
conditions are applicable to many of them.

e ——,————— |
— AWS D1.2 90 WM 0O7842L5 DOLO72 & ™




TAUS DL [= ‘:IU - EI?BHEI:-S 0010713 T =
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C5.13 General

In the Procedure Qualification Record (PQR) [see
Appendix E}, the type of welding process should be
identified. That information should include whether the
process was done manually or automatically. Other key
information, such as polarity, whether pulsed, etc.,
should be specified in the PQR.

C5.14 Limits of Qualified Positions
for Procedures

Table 5.2 summarizes the requirements for the posi-
tions that are qualified by each qualification test. The test
positions qualified are based on the experience and skill
required to make a welded joint.

C5.16 Limitation of Variables —
Procedure Qualification

Some degree of departure from the variables stated in
the welding procedure specification is recognized as
permissible without requiring verification. Departures
fram a welding procedure that do affect predictable
results are referred to as essential variables and are con-
sidered to be items that will affect the mechanical or
chemical properties, or both, of the weldment, The limits
set forth in this section are based on the combined expe-
rience of the members of the subcommittee on welded
aluminum structures.

C5.17 Tests — Procedure Qualifications

When a previously qualified complete joint penetra-
tion groove weld procedure is used on a partial joint
penetration groove weld procedure, it is only necessary
to perform the macroetch test required in Table 5.4, since
the complete joint penetration groove weld procedure
has met the mechanical property requirements when
qualified. The PQR should reference the original PQR
that contains the mechanical test data with a note to the
effect that a previously qualificd complete joint penetra-
tion groove weld PQR was used.

C5.17.3 Test Specimens: Number, Type and Preparation

Tables 5.3, 5.4, and 5.5 summarize the requirements
for the number and type of test specimens and the range
of thickness qualified. A test weld plate thickness of [ in.
(25.4 mm) or over qualifies a procedure for unlimited
maximum thickness. The 1 in. thickness has been shown
generally to reflect the influence of weld metal chemical
composition, heat input, and preheat and interpass
temperature on the weld metal and heat-affected zone
properties.

Tables 5.3, 5.4,and 5.5 summarize the procedure qual-
ifications for (A) complete joint penetration groove
welds, (B) partial joint penetration graove welds, and (C)
fillet welds.

The procedure qualification for pipe and tobing is
divided into Class I and Class I structures based on the
criteria outlined in section 10 of the Cade. Class I struc-
tures deal with the welding of castings, and provisions
are made in these tables to qualify these procedures.
Conditions forlarge diameter job-size pipe or tubing are
found in the section of the tables dealing with Class 11
tubular structures.

All partial joint penetration groove welds and all test
weld plates with fillet welds (except option No. 2) require
a macroetch test to determine the weld size of the weld
being tested.

Part D 7
Performance Qualification

C5.19 General

The welder, welding operator, or tack welder qualifi-
cation test is specifically designed to:determine their
ability to produce sound welds in any given test weld.
After successfully completing the performance qualifica-
tion tests, the welder, welding operator, or tack welder
should be considered to have minimum acceptable
qualifications.

Knowledge of the base metal is beneficial to welders,
welding operators, or tack welders in producing a sound
weldment; therefore, it is recommended that before
welding aluminum wrought alloys or aluminum cast-
ings, welders, welding operators, or tack welders be
given instructions as to the propertics of these base
metals, except where they have had prior experience in
welding aluminum products.

C5.22 Limitations of Variables — Welder
Performance Qualification

C5.23 Limitations of Variables —
Welding Operator Performance
Qualification

C5.24 Limitations of Variables —
Tack Welder Performance
Qualification

The ability of a welder to produce a sound weld is
considered by the Code to be dependent on certain essen-

tial variables. These are listed in 5.22 for welders, under
5.23 for welding operators, and 5.24 for tack welders. -
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range of thickness qualified for welder and welding . . .

operator qualification. Performance qualification for If a specimen from the test weld fails a specific test, an
pipe and tubing is dix‘zid ed into Class I and Class II immediate testing of two additional specimens from the
structures to recognize the use of castings in Class I same test weld or an additional test weld is allowed under

structures. Tack welders qualify by performing one of the Code. If it is apparent that additional training is

i I Table 5.7 lists the number and type of specimens and C5.26 Retests

the designated fillet weld tests necessary, a complete retest at such time as this training
) has been accomptlished is allowed by the Code.
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C6. Inspection

Part A
General Requirements

ANSI/AWS D1.2 parallels the ANSI/AWS DI1.1on
the basic premise of contractual obligations when provid-
ing products and services. Those who submit competitive
bids or otherwise enter into a contract to provide mate-
rials and workmanship for structural weldments in
accordance with the provisions of the Code assume an
obligation to furnish the products as specified in the
contract documents and are fully responsible for product
quality.

Co6.1 General

In this section, the term fabrication/erection inspec-
tion is separated from verification inspection. These
broader terms are used to avoid confusion with the terms
quality control and quality assurance as used by some
industries (e.g., nuclear). It was advantageous to use
more general terms that place greater emphasis on timely
inspection. The contractor is solely responsible for the
ordering of materials, and assembly and welding of the
structural weldments.

C6.1.1 This paragraph describes the responsibility of
the contractor for fabrication/erection inspection and
testing, which is basically the quality control responsibil-
ity described in other contract documents. The owner
has the right, but generally not the responsibility, to
provide independent inspection to verify that the product
meets specified requirements. This inspection may be
done independently by the owner or the owner’s repre-
sentative or, when provided in the contract, verification
inspection may be waived or it may be stipulated that the
contractor shall perform both the inspection and the
verification.?

3. When this is done, fabrication/erection inspection (quality
control) and verification inspection (quality assurance) remain
separate functions. Verification inspection should be per-
formed independently by personnel whose primary responsibil-
ity is not production inspection.
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C6.2 Inspection of Materials

This Code provision is all-encompassing. It requires
inspection of materials and review of materials certifica-
tion and mill test reports. It is important that this work
be done in a timely manner so that unacceptable mate-
rials are not used or incorporated in the work.

C6.3 Inspection of Welding Procedure
Qualification and Equipment

The requirements of 6.3.1 and 6.3.2, should be com-
pleted before welding is begun on weldments required by
the contract documents. Qualification for each weld-
ment should always be done before welding is started,
but qualification for all weldments does not have to be
completed before welding with qualified procedures can
be started.

C6.4 Inspection of Welder, Welding
Operator, and Tack Welder
Qualifications

C6.4.1 It is important that the Inspector determine that
all welders are qualified before they begin welding on the
project. If discovered after welding has begun, lack of
welder qualification documentation may cause serious
delays in the acceptance of weldments.

C6.4.2 The Inspector shall regularly appraise the quality
of welds produced by welders, welding operators, and
tack welders. Individuals producing unacceptable welds
should be required to produce satisfactory test welds of
the type causing difficulties. Complete requalification
may not always be necessary. Only qualified welders
producing acceptable welds shall be employed in the
work.

C6.4.3 Welders who cannot provide evidence that they
have used the welding process for which they were quali-
fied within the preceding six months are required to take
appropriate tests to become requalified. Since active
welders can maintain certification as long as they con-
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tinue to do good work, it is essential that the Inspector
regularly evaluate the quality of the welds produced by
each welder, welding operator, and tack welder.

C6.5 Inspection of Work and Records

The Inspector shall determine from inspection of the
work prior to assembly, during assembly, during weld-
ing, and after welding (see 6.1.1) that all requirements of
the Code are met. Inspectors shall identify the work they
have inspected and accepted or rejected. The method of
identification should not be destructive to the weldment.
Die stamping of welds is not recommended, since die
stamp marks may form sites for crack initiation. It is
essential that the Inspector keep accurate records docu-
menting the inspectors basis for accepting or rejecting
weldments,

C6.6 Obligations of the Contractor

€6.6.1 The Contractor is responsible for the product
acceptability. The Contractor shall conduct inspection
to the extent necessary to ensure conformance with the
Code, except as provided in 6.6.5.

C6.6.2 If the Verification Inspector finds deficiencies in
materials and workmanship, regardless of whether the
Verification Inspector is a representative of the owner or
an employee of the contractor, the contractor shall be
responsible for all necessary repairs or replacemens.

C6.6.4and C6.6.5 When nondestructive testing is speci-
fied in the information furnished to bidders, the con-
tractor shall take necessary steps to ensure that the
nondestructive testing acceptance criteria prescribed by
the Code are met. When nondestructive testing other
than visual inspection is not specified, the owner shall be
responsible for all associated costs of testing and surface
preparation plus the repair of defects not reasonably
expected to be discovered during visual inspection.

Since therc is a limit to the defects that might reason-
ably be expected to be found in visual inspection of
welds, welds that contain defects that are considered
beyond reasonable weld quality standards and which
appear to result from gross nonconformance to this
Code shall be repaired or replaced at the contractor’s
expense in accordance with 3.7.2,

C6.7 Nondestructive Testing

In addition to visual inspection, which is always neces-
sary to achieve compliance with Code requirements,
three nondestructive testing (NDT) methods are pro-
vided for in the Code. They are (1) radiographic testing
(RT), (2) ultrasonic testing (UT), and (3) liquid pene-
trant testing (PT). Radiographic and ultrasonic testing
are used to detect both surface and internal discontinui-
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ties. Dye penetrant testing is used to detect discontinui-
ties open to the surface. Other NDT methods may be
used upon agreement between owner and contractor,

C6.7.1 It is essential that the contractor know in
advance the categories of welds that will be subject to
nondestructive tests, the testing procedure to be used,
and the level of acceptance. Unless otherwise provided in
the contract, the quality criteria for the acceptance of
welds are stated in 8.8, 9.8, 10,10 and 10.15.

It is not necessary to write in the contract documents
exactly which weld or what portions of specific welds will
beexamined by a specific test method. A general descrip-
tion of weld test requirements may be specified, e.g., “All
welds in complete joint penetration butt joints in tension
flanges of girders shall be radiographed.”

If the location of tension flange butt joints is not
obvious, their location should be designated on the
plans.

When spot checking is specified, e.g., 109 of all fillet
welds, it should not be taken to imply that the contractor
be notified prior to welding which specific welds or
portion of welds shall be tésted. It is a basic premise of
the specifications that if spot tests are made, there should
be a sufficient number of test locations to give a reliable
indication of weld quality.

There are different acceptance criteria for buildings,
bridges, and tubular structures. The basic difference in
acceptance criteria for each of these structures is based
upon the difference between static and dynamicloading,

‘When fatigue crack growth is anticipated, acceptable
initial weld flaw sizes must of necessity be small. All
criteria are established in an attempt to preclude weld
failure during the anticipated service life of the weldment,

C6.7.6 Personnel Qualification. Only individuals who
qualify to SNT-TC-IA NDT Level Il may perform non-
destructive tests without supervision. Level III individ-
uals may also perform NDT {ests, provided they meet
the requirements of NDT Level II.

NDT Level III engincers and technicians are gcncrally
supervisors and may not be actively éngaged in the actual
work of testing. Since there is no performance qualifica-
tion test for individuals qualified to NDT Level T, all
individuals providing testing services under the Code
shall be qualified to Level II, which has specific perform—-
ance qualification requirements.

ParteB
Radiographic Testing of
Groove Welds in Butt Joints-

C6.8 General

C6.8.1 The procedures and standards set forth in this
section are primarily designed for the radiographic
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inspection of complete joint penetration groove welds.
Typical geometries for structural welds and design
requirements for these structures were taken into account
in the preparation of the specification.

€6.8.2 Since this section does not provide for the radio-
graphic testing of welds in pipe or tubular structures,
variations are permitted based upon agreement between
the contractor and the owner. The provisions of section
10 shall apply to radiographic testing of welds in pipe
and tubular sfructures.

C6.9 Extent of Testing

C€6.9.1 Itis important that joints to be radiographed be
clearly described in the information furnished to bidders
as explained in Part A of this Commentary.

C6.9.4 The Code requires that if rejectable discontinui-
ties are found in one spot and again in either of the
additional required spot radiographs, the remainder of
the weld shall be radiographed to determine the extent of
any remaining defects.

C6.10 Radiographic Procedures

C6.10.1 A single source of radiation is specified to avoid
confusion or blurring of the radiographic image. Radio-
graphic sensitivity is judged solely on the quality of the
penetrameter image (s), as specified in both ASTM and
ASME standard provisions.

C6.10.2 Tonizing radiation and chemicals used in radio-
graphic inspection can present serious health hazards.
All safety regulations must be complied with.

€6.10.3 When the owner wishes weld surfaces to be
ground flush or otherwise smoothed in preparation for
radiographic testing, it should be so stated in the contract
documents. The owner and the contractor should attempt
to agree in advance on which weld surface irregularities
will not need to be ground unless surface irregularities
interfere with interpretation of the radiograph. It is
extremely difficult and often impossible to separate
internal discontinuities from surface discontinuities when
reviewing radiographs in the absence of information
describing the weld surface. When agreement can be
reached on weld surface preparation prior to radiog-
raphy, rejections and delays will generally be reduced.

C6.10.3.1 Weld tabs (extension bars and run-off
plates) are generally removed prior to radiographic
inspection so that the radiograph will represent the weld
as finished and placed in service. Contraction cracks are
commonly found in the weld at the interface between
weld tabs and the edge of the plate or shape joined by the
weld. These cracks are hard to identify in the radiograph
under the best conditions. It is considered necessary to
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remove the weld tabs before attempting to radiograph
the boundaries of the welded joint.

€6.10.3.3 When weld reinforcement or backing, or
both, are not removed, shims placed under the pene-
trameters are required so that the penetrameter image
may be evaluated on the average total thickness of alumi-
num (weld metal, backing, reinforcement) exposed to
radiation.

C6.10.4 Provisions of this section are to assure the use of
fine grain film and to avoid coarseness in the image that
may result from the use of fluorescent screens.

C6.10.5 The source of radiation is centered with respect
to the portion of the weld being examined to avoid as
much geometric distortion as possible.

C6.10.5.1 This paragraph is provided to limit geo-
metric unsharpness* that causes distortion and blurring
of the radiographic image.

C6.10.5.2 and C6.10.5.3 These sections are intended
to limit geometric distortion of the object as shown in
the radiograph. An exception is made for panoramic
exposures.

C6.10.6 The maximum permissible voltage for radio-
graphic inspection depends on the material thickness,
when X-ray units are used. These units may be used on
all radiographic inspection, provided they have adequate
penetrating ability.

Aluminum has a lower radiographic density than
steel, and the resulting poor radiation contrast and sensi-
tivity with isotope sources limit their use. Iridium 192 is
approved as a radiographic source only when aluminum
exceeds 2.5 in. (65 mm) thickness. Cobalt 60 is not an
approved source.

Care should be taken to ensure that the effective size of
the radiograph source is small enough to preclude exces-
sive geometric unsharpness.

C6.10.7, C6.10.7.1, and C6.10.7.2 Since radiographic
sensitivity and the acceptability of radiographs are based
upon the image of the required penetrameters, care is
taken in describing the manufacture and use of the
required penetrameters. Penetrameters are placed as
shown in Figure 6.1.

Penetrameters may be placed only on the source side,
unless otherwise approved by the Engineer. Failure to

4. Geometric unsharpness is defined as a blurring of the edges
of a radiographic image due to the radiation source having
finite dimensions. dependent on relative source-to-film and
object-to-film distances. Geometric unsharpness may be ex-
pressed mathematically as: Ug = F(L;-L,)/L,, where Ug is
the geometric unsharpness, F is the size of the X-ray tube focal
spot or the diameter of the gamma souree, L; is the source-to-
film distance, L, is the source-to-object distance, and Li-L,
is the object-to-film distance.
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place the penetrameters on the source side during the
radiographic exposure, without prior approval of the
Engineer, shall be cause for rejection of the radiographs.

C6.10.8 Welds shall be radiographed and the film
indexed by methods that will ensure continuous inspec-
tion of the weld within the limits specified.

C€6.10.8.1 Backscattered radiation can cause general
fogging and produce artifacts in the radiograph. The
method described in this section will identify back-
scattered radiation so that corrective steps can be taken.

C6.10.9 Radiographic inspection is designed to inspect
all of the weld zone. Defects in the weld metal or the
adjacent heat-affected zones ean produce weld failure.
Film widths shall be sufficient to inspect all portions of
the weld joint and have sufficient room for weld
identification,

C6.10.10 Quality of Radiographs. Quality radiographs
with the appropriate penetrameter sensitivity are the
only indicators of proper radiographic inspection.

C€6.10.11 Density Limitations. It is the intent of the
specification to use radiographic films within the full
limits of the useful film density. An effort is made in this
Code to avoid the necessity of making multiple expo-
sures or using films of more than one exposure speed
when examining welded joints expected to be routinely
encountered.

€6.10.12 This section describes all information required
to identify the radiograph and also provides methods for
matching the radiograph to the weld joint, so that weld
repairs, when necessary, may be made without repetitive
or unnecessary metal removal. Radiograph identifica-
tion marks and location identification marks shall be
used to locate defects and to verify that unacceptable
discontinuities have been repaired as demonstrated by
the subsequent radiograph of the repair.

C6.11 Acceptability of Welds

The provisions of 8.8.2, 9.8.2, and 10.15.2 prescribe
the radiographic quality of welds for non-tubular stati-
cally and dynamically loaded structures, and tubular
structures, respectively.

C6.12 Examination, Report, and
Disposition of Radiographs

€6.12.2 Since more accurate film viewing is possible
when the eyes of the viewer are not subjected to light
from portions of the radiograph not under examination,
asuitable, variable intensity illuminator with spot review
or masked spot review capability is required. The ability
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to adjust the Jight intensity reduces eye discomfort and
enhances visibility of weld discontinuitics. Subdued light
in the viewing area allows the reviewer’s eyes to adjust to
see small discontinuities in the radiographicimage. Film
review in complete darkness is not advisable since the
contrast between darkness and the intense light from
portions of the radiograph with low density causes dis-
comfort and loss of accuracy.

Film densities within the range of 2.5 to 3.5, as de-
scribed in 6.10.11, are preferred. The illuminator shali
have sufficient capacity to.properly illuminate radio-
graphs with densities up to 4.0. In general, within the
limits of density approved by the Codg, the greater the
film density, the greater the radiographic sensitivity.

C6.12.3 and C6.12.4 After the radiographic inspection
technician and the fabrication/erection Inspector have
reviewed and approved both the radiographs and the
report infetpreting them, the radiographic examination
report shall be submitted to the Verification Inspector
for a separate review on behalf of the owner. All radio-
grapbs, including those showing unacceptable quality
prior to repair, shall, unless otherwise provided in the
contract documents, become the property of the owner.
The contractor shall not discard radiographs or reports
under the provisions of the Code until the owner has
been given, and has acknowledged, prior notice in
writing.

The term “a full set of radiographs” as used in 6.12.4
means one radiograph of acceptable weld quality from
each radiographic exposure required for compiete radio-
graphic inspection, plus one radiograph of any unaccept-
able weld quality prior to repair from cach radiographic
exposure. If the contractor elects to load more than one
film in each cassette to produce an extra radiograph for
the Contractor’s own use or {o avoid possible delays due
to film artifacts, the extra radiographs are, unless other-
wise specified, the property of the contractor.

Part C
Ultrasonic Testing of Groove Welds

C6.13 General

Ultrasonic testing (UT) of aluminum weldments is
recognized as an acceptable nondestructive testing
method. Ultrasonic testing is regularly being used on
aluminum welds to provide information about the loca-
tion, size, and orientation of discontinuities.

This method is not treated in detail in the Aluminum
Cade because of the lack of consensus, at this time, about
formulating a simple procedure giving satisfactory
results.
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C6.13.1 When ultrasonic testing is included in the con- those for radiographic testing. Likewise, unless other-
tract documents, not only the extent of testing, but also wise specified in the contract documents, the records
the testing procedures and the acceptance criteria shall become the property of the owner.
be specified.
There are existing standards and codes that provide
applicable information for ultrasonic testing. These
include: ASTM E164, Standard Recomniended Practice 6.18 Record of Inspection
for Ultrasonic Contact Examination of Weldments; and .
Section V of ASME Boiler and Pressure Vessel Code, The provisions for maintaining and retaining records
Non-Destructive Examination. on welds subjected to dye-penetrant inspection parallel
those for radiographic testing. Likewise, unless other-
C6.13.2 The provisions for maintaining and retaining wise specified in the contract documents, the records
records on welds subjected to ultrasonic testing parallel become the property of the owner.
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C7. Stud Welding

C7.1 General

The section on stud welding consists of three parts:
Part A contains general requirements applicable to all
stud welding; Part B applies to the arc stud welding
process: and Part C applies to the capacitor discharge
stud welding process. Parts B and C contain complete
specifications for stud welding and each Part is intended
to stand alone with Part A, depending upon the process
chosen.

C7.3 Material Requirements

Aluminum filler wire alloys have been developed for
use with various base alloy materials 5o as to prevent the
generation of toxic fumes when welding in poorly venti-
lated enclosures and to minimize weld cracking, Genera-
tion of toxic fumes is controlled by limiting beryllium
content in the filler alloys to a maximum of 0.0008%. A
grain refiner such as titanium is added to the filler alloys
to minimize weld cracking by producing a finer grain
structure in the as-cast weld. These features are also
desirable when making stud welds. Since the filler wire
alloys are produced at wire and rod manufacturing facili-
ties, they are also more readily available in the forms
most desirable for stud manufacturing. For these rea-
sons, the alloys shown in Table 7.1 are specified as
aluminum stud base metal for arc stud welding. The
capacitor discharge process takes place almost instan-
taneously so the need to control beryllium content is not
so critical. Therefore, additional aluminum alloys, listed
in Table 7.4, can be specified as a stud base metal. The
Engineer should be familiar with the chemistry of other
aluminum alloys before specifying other materials.

C7.4 Workmanship

The surface of the base metal must be smooth enough
after a grinding or brushing operation so as not to ad-
versely affect the welding results.
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C7.5 Technique

The arc stud welding process requires precise setting of
the welding conditions used to make the weld. As a
starting point to developing these conditions it is often
advisable to rely on the recommendations of the stud or
equipment manufacturer to supply base settings for the
application being developed. More seasoned users may
rely more on past practice to provide this same
information.

C7.6 Qualification Requirements

A welding procedure specification shall be prepared
for each application. It shall be supported by a welding
procedure that has been qualified by test. The Code
allows the qualification of a range of thicknesses under
one procedure qualification by welding the maximum
and minimum thicknesses of base material. The con-
tractor has the option of choosing a bend test only in lieu
of making tension tests.

C1.6.6.3 Tension test values are given in the Code for
F-22 materials only. Other material tension test values
may be obtained from the stud manufacturer or by
testing. If one of the tension test options is specified in the
welding procedure qualification test, then the minimum
tensile values for the stud alloy being welded shall be
supplied by the Engineer.

C7.7 Operator and Preproduction
Qualification

Stud welding equipment is usually considered auto-
matic and therefore requires minimal expertise on the
part of the operator. Basic skills such as loading the
stud, applying the ferrule or a wetting agent and main-
taining correct alignment of the stud welding gun can
readily be determined at the time of welding. Such
operator qualification doubles as the preproduction
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application testing of the stud welding process prior to
starting the day’s or shift’s operation.

C7.8 Acceptance Criteria — Production
Welds

Flash, as evidenced during inspection according to
7.8, is not a fillet weld such as those formed by con-
ventional arc welding processes. The expelled metal,
which is excess to the weld required for strength, is not
detrimental but, on the contrary, is essential to provide
evidence of a sound stud weld. The containment of this
excess molten metal around an arc welded stud by the
ferrule (arc shield) assists in securing sound fusion of the
entire cross section of the stud base, The stud weld flash
may have nonfusion in its vertical leg and overlap on its
horizontal leg, and it may contain occasional small
shrink fissures or other discontinuities that usually form
at the top of the flash with essentially radial, or longi-
tudinal orientation, or both, to the axis of the stud. Such
discontinuitics are acceptable.

C7.9 Mislocated Studs

Mislocated studs are those studs which are applied to
the wrong location on the structure, It is the contractor’s
or stud applicator’s responsibility to remove these mis-
located studs from the structure and repair the area
where the stud was applied to its original surface condi-
tion. The Enginecer may approve leaving the mislocated
stud attached to the structure.

C7.10 Repair of Misapplied Studs

Misapplication of studs usually is caused by foreign
materials on the surface of the base material or a mal-
function of the stud welding equipment. The latter may

cause severe arcing on the surface of the base metal
which may -have to be repaired before another stud
welding attempt is made. Once a stud has been used in an
attempted arc stud weld, it is deemed as being unfit for
use in production and shalf be discarded. -

C7.12 Material Requirements
(See C1.3}

C7.13 Workmanship
(See C7.4)

C7.14 Technique
(See C1.5)

C7.15 Qualification Requirements
(See C7.6)
€7.15.6.3 (Sec C7.6.6.3)

C7.16 Operator and Preproduction
Qualification

(See C7.7)

C7.18 Mislocated Studs
(See C7.9)

C7.19 Repair of Misapplied Studs
(See C7.10)
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C8. Nontubular Statically Loaded Structures

Part A
General Requirements

C8.1 Application

The provisions of section 8, like those of most building
codes, assume static loading under service conditions.
However, in situations where a significant number of
repetitions of a substantial stress range is likely to occur
In service so as to constitute fatigue loading, the provi-
sions of nontubular dynamically loaded structures are
recommended.

C8.2 Base Metal

Aluminum alloys specifically approved for nontubu-
Iar statically loaded structures are listed in 8.2.

€8.2.3 When an alloy not listed is considered for use, a
special welding investigation is required to confirm the
weldability of a specific composition and heat-treated or
work-hardened condition.

Part B
Allowable Stresses

C8.4 Allowable Stresses

Allowable stresses in heat-treated and work-hardened
structural alloys may vary with the alloy and the extent
of the heat-affected zone.

For allowable stresses for the various available alloys,
the user of the Code is referred to the documents listed
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in Appendix A, and in particular to the Specifications
for Aluminum Structures issued by the Aluminum
Association.

Part C
Workmanship

C8.5 Dimensional Tolerances

8.5.1 The flatness tolerances for webs with intermediate
stiffeners on both sides are somewhat more liberal than
those for interior dynantically loaded girders (see 9.5.2).
The tolerance given for intermediate stiffeners, placed
only on one side of the web, is the same for either
dynamic or static loading and is the same as that for
interior dynamically toaded girders.

C8.6 Temporary Welds

Because of the effects of heat on the aluminum struc-
tural alloys, it is essential that temporary welds, not
incorporated in the final welds, be identified and
approved by the Enginecr.

C8.8 Quality of Welds

8.8.1 Visual Inspection. These requirements make visual
inspection of all welds mandatory and contain the accept-
ance criteria.
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C9. Nontubular Dynamically Loaded Structures

Part A
General Requirements

C9.1 Application

Sections 1 through 6 are supplemented by the specific
requirements of this section to provide a structure capa-
ble of serving for a finite period under dynamic and
repeated or cyclical loads. Design constraints, except
those specifically related to welding and given in this
section, should be those of the applicable general
specification.

C9.2 Base Metal

All the aluminum alloys that are generally used in
welded nontubular dynamically loaded structures are
included in the list.

C9.2.3 When an alloy not listed is considered for use, a
special welding investigation is required to confirm the
weldability of a specific composition and heat-treated or
work-hardened condition.

Part B
Allowable Stresses

C9.4 Allowable Stresses

Allowable stresses in heat-treated and work-hardened
structural alloys vary with the alloy and the extent of the
heat-affected zone.

For allowable stresses for the various available alloys,
the user of the Code is referred to the documents listed in
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Appendix A, and in particular to the Specifications for
Aluminum Bridge and Other Highway Structures issued
by the Aluminum Association.

Part C
Workmanship

C9.5 Dimensional Tolerances

Permissible tolerances for variations from flatness of
dynamically loaded girder webs are given in the Code
separately for interior and fascia girders. The stricter
tolerance for fascia girders is based only on appearance,
as there is no structural requirement for the difference.
Even the fascia girder distortion permitted will be some-
what noticeable. The fascia tolerances are considered
satisfactory for most requirements. If more stringent
tolerances are needed for appearance, they should be
included in the contract documents, but some distortion
is unavoidable.

C9.5.3 Web distortions of twice the amount permitted
for interior or fascia girder panels are permitted if the
installation of field bolted splice plates will reduce the
distortion to the level otherwise permitted. To avoid the
possibility of costly field correction, the contractor
should determine by a shop assembly that the bolted
splice plate will reduce the distortion to acceptable limits.

C9.8 Quality of Welds

The quality requirements set forth in 9.8 are more
stringent than those required by 8.8. All weldments are
subject to mandatory visual inspection by the contractor.
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C10. Tubular Structures

Part A
General Requirements

C10.1 Application

The requirements of section 10 are intended to be
generally applicable to a wide variety of tubular struc-
tures. However, welded tubular construction involves
new terminology and a sufficient number of unique
requirements for design detailing, workmanship, and
inspection to fill a separate section of the Code.

The Committee recognized that while using a general
format in ANSI/ AWS D1.2, Structural Welding Code—
Aluminum, similar to that of ANSI{ AWS D1.1, Srruc-
tural Welding Code — Steel, the types of structures made
from aluminum likely would not be of the magnitude of
offshore drilling platforms. Further, the Committee also
recognized that the workmanship requirements differed
greatly among tubular structures.

Far these reasons, this Code establishes two classes of
tubular structures with different workmanship require-
ments. Unless otherwise specified, Class I structures are
those identified in Standard Specifications for Structural
Supports for Highway Signs, Luminaires, and Traffic
Signals, published by AASHTO (Appendix A). All
structures that have more stringent requirements are
Class IL There are also certain support structures, in the
AASHTO Specifications, that should be treated as Class
Il structures because of their configuration and loadings.

Additionally, the joint configurations shown in Fig-
ures 10.1, 10.2, and 10.3 are intended to apply only to
Class I structures. This is because the typical Class 1
structure most often utilizes fillet welds with member
sizes that vary from approximately 3/4 in. (19 mm) NPS
to 12 in. (305 mm) NPS,

C10.2 Base Metal

The aluminum alloys listed in 10.2 of the Code include
those considered suitable for nontubular statically and
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dynamically loaded structures. as well as tubular
structures.

While any base metal listed in 1.2.1 may be used for
Class I or Class II structures, material availability would
likely dictate the specification of the 3000, 5000, and 6000
wrought alloys and 356 and 443 cast alloys.

C10.2.3 When an alloy not listed is considered for use, a
special welding investigation is required to confirm the
weldability of a specific composition and heat treated or
work-hardened condition.

Part B
Allowable Stresses

C10.4 Allowable Stresses

The Committee recognizes that several specifications
exist that specify allowable stresses for aluminum struc-
tures. In most cases, these specifications reference the
allowable stresses as given in Specifications for Alumi-
num Structures— Construction Manual Series, Section I
(see Appendix A). Regardless of the specification used,
the Engineer should be aware that the allowable stresses
should reflect the difference in strength of welded alumi-
num versus unwelded aluminum; allowable stresses in
heat-treated and work-hardened structural alloys will
vary with the alloy and the extent of the heat-affected
zone.

Part C
Details of T-, Y-, and K-Connections

C10.5 Tubular Branch Connections

The definitions of the various types of connections are
as shown. The intended application of these joint details
is for Class I structures.
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Part D
Workmanship — Class I Structures

C10.6 Dimensional Tolerances

Due to the nature of the types of structures covered by
the Standard Specifications for Structural Supports for
Highway Signs, Luminaires, and Traffic Signals, dimen-
sional tolerances for Class I structures should be speci-
fied by the Engineer. This is because the tolerances vary
greatly between users. Therefore, the provisions of 3.5
would not be applicable.
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C10.7 Finishing Cut Edges

Plasma arc cuts, as described in this paragraph, have
been suceessfully used by fabricators for many years.
The most common application is for cutting handhole
openings for luminaire supports. Other successful appli-
cations include cutting for conmeetions of intersecting
tubes for cantilever sign support structures. For this
reason, the Committee agreed that plasma arc cutting
would be permissible for Class I structures.
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C11. Strengthening and Repairing Existing Structures

C11.2 Materials

One essential requirement in strengthening and repair-
ing existing structures is the identification of the base
metal.

Obviously, when welding is anticipated, weldability
of the aluminum alloys in the existing structure is of
primary importance. Together with the mechanical
properties of the base metal, it will provide information
essential for establishment of safe and sound welding
procedures. Only then will realistic data be available for
reliable cost estimates. Should poor weldability make
such cost economically prohibitive, other means of join-
ing should be considered by the Engineer.

Mechanical properties are normally determined by
tension testing from a representative sample taken from
the existing structure.

If the chemical composition has to be established by
test. then it will be advisable to take samples from the
greater thicknesses as these are more indicative of the
extremes in composition.

C11.3 Design

Repair and strengthening of existing structures differ
from new construction, inasmuch as the operations will
need to be executed with the structure or the structural
element under some condition of working stress.

There is presently little guidance with respect to weld-
ing of structural members under stress. Hence, each
given situation shall be evaluated on its own merits, and
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sound engineering judgement must be exercised as to the
optimum manner in which repair or strengthening
should be accomplished.

Economy is the obvious underlying consideration
when deciding whether a member should be repaired or
entirely replaced. However, the cost estimate supporting
the decision to be made shall be related not only to
material and labor, but also should include the returns
from an uninterrupted use of the member or, conversely.
the loss due to its time out of service.

Generally, in the case of dynamically loaded struc-
tures, sufficient data regarding past service are not avail-
able to estimate the remaining fatigue life. If such is the
case, an inspection program designed to locate possible
fatigue cracks in stable growth prior to their becoming
critical is a reasonable alternative.

The only practical methods of extending the expected
fatigue life of a member in a given service is to reduce the
stress or stress range, or to provide joint geometry less
susceptible to fatigue failure.

C11.5 Special

C11.5.1 This Commentary subsection stipulates that the
extent of cross-sectional heating must be considered by
the Engineer when determining whether dynamic stresses
may be carried by the member during welding.

The significance of this provision lies in the fact that
the propertics of heat-treated and work hardened alumi-
num alloys are influenced by heat, and their weldability
varies considerably. '




A

AASHTO, 10.1.2, Footnote 21
Acceptability limits 3.2.4.2
Acceptance criteria, 5 Part B
(5.7-5.12)
bend fests, 5.10,3
Class I Structures, Table 10.1
Class II Structures, Table 10.2
cut edges, 3.2.4.3
dye-penetrant testing, 6.7.5, 10.15.4
fillet welds, 5.11.3, 5.17.8, 5.25.8
groove welds, 5.17.7, 5.25.7
radiography, 5.12.2, 6.11, 10.15.2
tension tests, 5.9.3
tubular structures, 10.10, 10,15
ultrasonic testing, 6.13, 10.15.4
visual, 5.8.2, 5.8.3
Acidic etchant, Appendix G
Alignment, 3.3.1
Alloy groups, 1.3.1.2
Alloy selection, 1.3.1.1, Footnote 2
Alloys not listed, 10.2.3, 10.2.4
Ambient temperature, 3.1.3
Annealing, 4.11.3
ANSI Specifications, Appendix A
Anti-spatter compounds, 3.1.7

- Approval of Engineer, 3.7.5, 3.7.6

Approved alloys, Table 1.1

Arc strikes, 4.6

ASME Boiler & Pressure Vessel Code,
Appendix A

ASNT Recommended Practice,
Appendix A

Assembly, 3.3

Associated structural design
specifications, Footnotes 16, 18

ASTM Specifications, Table 1.2,
Appendix A

Attempt to defraud, 6.6.5

Backgouging, 3.2.6
Backing, 3.3.3, Footnote 8, 4.9
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copper (prohibited), 4.9.5
removal, 4.9.4, 6.10.3.2
Backing bars, 4.9, 8.2.5
Back scattered radiation, 6.10.8.3
Base Metal, 1.3, Table 1.1, 10.2
groupings, 1.3.1.2
inspection, 6.2
preparation, App. Bl and B2
3.28,3.29
removal, 6.6.3
repair, 3.7
replacement, 6.6.3
specifications, 1.3.1, 8.2.1,
9.2.1, 10.2.1
surfaces, 3.2.8, 3.2.9
tensile strengths, Table 5.1
unlisted alloys, 10.2.3, 10.2.4
Basic etchant, Appendix G2
Beams
camber, 3.5.3
depth, 3.5.7
filler plates, 2.4
splice plates, 2.4.3
straightness, 3.5.2, 3.5.10
warpage, 3.5.6
Bearing stiffeners, 3.6.8, 3.5.9
Bend tests, 5.10
Bidders, 6.6.4, 6.7
Bolts, 7.5.3
Branch connections, 10.5
Building code, 8.1.1, Footnote 16
Building commissioner, 1.2, Footnote |

C

Camber, 3.5.3
Castings, 5.25.1.3, 5.25.2.3
Certification of electrodes, 4.1.3
Certification of shielding gas, 4.3.2
Certified Welding Inspectors, 6.1.3
Chemicals, safe handling, Appendix G3.2
Chipping, 3.2.6
Class I Structures, 10 Part D

(10.6-10.11)
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Class 11 structures, 10 Part C (10.5),
10 Part E (10.12-10.16), Table 10.2
Cleaning, 3.2.8, 4.7, 5.15.3, 7.4.1
weld spatter, 3.8.2
Column straightness, 3.5.1
Combination of welds, 2.3.4
Concavity, Fig. 3.2,3.7.2.2, 5.8.2(7),
Table 10.1, Table 10.2
Contractor, 6.6
obligations, 6.6, 6.13.2, 6.18
responsibility, 5.13.1, 5.13.2, 8.2.4
Convexity, Fig. 3.2, 3.7.2.1,
Table 10.1, Table 10.2
Copper backing (prohibited), 4.9.5
Copper inclusions, 4.13.4
Corners, reentrant, 3.2.5
Corrosion repairs, 7.4.2
Cracks, 3.7.2.4, Table 10.1, Table 10.2
Craters, 3.7.2.2
Cut edges, 3.2.4
discontinuities, Fig. 3.1, Table 3.1
Cutting, plasma arc, 3.2.3

D

Damaged base metal, 6.6.3
Dead loads, 7.11.5.2, 11.5.3
Defective welds, 10.16
Definitions, 1.5, 5.19.1,
Degreasing, 3.2.9
Design of connections, 2
Diagrammatic welds, 2.3.2.4
Dimensional tolerances, 3.5, 3.5.13, 10.6,
10.12
Discontinuities
acceptance criteria, 5.10.3, 8.8,
9.8, Table 10.1, Table 10.2
repair, 3.7
Disposition of radiographs, 6.12.4
Distortion
control, 3.4
straightening, 3.7.4
Drawings, 2.1,
Dye-penetrant examination, 5.8.1, 6.7.5,
6 Part D (6.14-6.18)
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acceptability of welds, 6.17, 8.8.4,
10.15.3

application, 6.14.1, 6.14.2

cleaning, 6.16.2, 6.16.5, 6,16.8

contractor’s obligation, 6.15.5, 6.18

developer, 6.16.6

developing period, 6.16,7

discontinuities, 6.16.3, 6.16,7

extent of testing, 6.15

procedure, 6,16

record of examination, 6.18

rejectable welding, 6.15.4

report form, Appendix F(b)
Dynamic load structures, nontubular,

8 Parts A, B, D,

See also structures

allowable stress, 9.4

base metal, 9.2

bolted splices, 9.5.3

combinatioh of metals, 9.2.2

dimensional tolerances, 9.5

flatness of girder webs, 9.5.1,

girders, 9.5

inspection, 9.8

quality requirements, 9.8

splices, 9.5.3

stiffeners, 9.5.2

temporary backing, 4.9.5

temporary welds, 9.6

undercut, 9.8.1(5)

web flatness, 9.5.2

weld terminations, 9.7

workmanship, 9 Part C (9.5-9.8)

Edge preparation, 3.2.1, 3.2,7
Effective throat, 2.3, Table 2.1, 2.3,
Appendix C
diagrammatic weld, 2.3.2.4
Effective weld area, 2.3
Effective weld length, 2.3
Electrodes, 1.3.2
storage, 1.3.2.3
welder qualification groups, 1.3.2.2
Engineer, 1.2
Equipment, welding and cutting, 3.1.2
Essential variables, 5.16, 5.19.3
Etching of specimens, 5.8.1.2,
Appendix G
Exfoliation, 3.7.4(2)
Existing structures, 11
associated design specifications,
Footnote 24
cleaning, 11.4.1
combustible materials, 11,5.5
cyclic loading, 11.3.3
dead load, 11.5.2
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design, 11.3
fatigue stresses, 11.3.2
live load, 11.5.1, 11.5.4
materials, 11,26
repair, 11.1
rivets or bolts, loads on, 11.5.3
safety of structure, 11.5.5
strengthening, 11,1
welding sequence, 11.5.4
workmanship, 11.4

Extension bars, 4.8.2, 6.10.3.1, 8.2.5

F

F numbers, 1.3.2.2
Fabricator, see Contractor
Face-bend test, 5.10.1, Fig. 5.12, 5.13
Fatigue, 7.3.2
Faying surfaces, fit-up, 3.3.6, 10.2.2,
10.12.3
Filler metals, 1.3.2
recommended alloys, Table 1.2
storage, 1.3.2.3
welder group designation, 1.3.2.2
Filler plates, 2.4, Fig. 2.1, Fig. 2.2,
3.3,6,8.2.5
Fillet weld break test, 5.11.1.1,
5.11.2.1,5.11.3.1
Fillet welds, 5.6.1.3, 5.6.1.4, 5.11
5.20.3, 5.20.5, 5.2.5, 10.10, 10.12
10.15
concavity, Fig. 3.2
convexity, Fig. 3.2
curved, effective length, 2.3.2.2
details, 2.7, Fig. 2.3
effective area, 2.3.2
effective length, 2.3.2.1, 2.3.2.2
effective throat, 2.3.2.4
in holes, 2.7.6
macroetch test for, 5.8.1.2, Table 5.5
maximum size, GMAW, 4.13.1.1
minimum size, 2.3.2.3, Table 2.2,
2,75
pipe test, 6.1.4
plate test. 5.6.1.3
profiles, Fig. 3.2, 3.6.1
skewed joins, 2.7.4, Fig. 2.2.3
soundness tests, 5.11, Figs. 5.17,
5.18, 5.19
tests, 5.17
undercut, Fig. 3.2, Fig, 10.4
undersize, Fig, 3.2
Fixtures, 3.3.7
Flanges, warpage, 3.5.6
Forms, welding data, Appendix E
Fracture tests, 5.11.1.1, 5.11.2.1,
5.11.3.1
Fraud, 6.6.5
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Gas metal arc welding, 4 Parts A, B, ‘ s
4.1-4.13) s

annealing, 4.11.3

arc strikes, 4.6

backing, 4.9

cleaning, 3.2.8

clectrodes, 4.1.1, Table 1.2

inclusions, copper, 4.13.4

interpass temperature, 4.5

layer thickness, 4.13.1.2

peening, 4.10

preheat, 4.4

procedure qualification, 5 Part C
(5.13-5.18)

protection, 4.3

restrictions, 4.13

shielding gas, 4.3

stress relief, 4.11

weld termination, 4.8

wind protection, 4.13.3

Gas tungsten arc welding, 4 Parts A, C

(4.1-4.11, 4.14-4.16)

chemical composition, 4.15, Table 4.2

current ranges, Tablc 4.1

restrictions, 4.16

tungsten electrodes, 4.15

wind protection, 4.16.3

Girders,dimensional tolerances, 3.5, 8.5, ‘ )
9.5 .

camber, 3.5.3
depth, 3.5
filler plates, 2.4, 3.3.6, 8.2.5,9.2.5
stiffeners, 3.5.10, 8.5.2,9.5.2
straightness, 3.5.2
warpage, 3.5.6
web flatness, 8.5.1,8.5.2,9.5.1, 9.5.2
Girth welds, 10.12.4
Gouging, 3.2.6
Grinding, 3.2.1, 3.2.1.1
Groove welds, 2.3.1, 2.5, 2.9, 2.10
assembly tolerances, 3.3
backing, 3.3.3, Footnote 7
complete joint penetration, 2.3.1
cross sections, Appendixes Bl and B2
details, 2.9. 2.10, 3.3.2
dimensional tolerances, 2.9.2, 2.10.3
effective length, 2.3.1.1
effective throat, 2.3.1.2, 2.3.1.3,
Table 2.1
minimum throat, Table 2.1
partial joint penetration, 2.3.1.3, 2.5,
2.10, Appendix B2
depth of preparation, 2.3.1(1), (2)
root face, 2.10, 3.4
pipe tests, 5.6.1.2
plate tests, 5.6.1.1
profiles, Fig. 3.2, 3.6.2




termination of welds, 4.8

tests, 5.17
tubular structures, 10

Gross nonconformance, 6.6.5
Guided bend test jigs, Figures 5.14, 5.15,

5.16

H

Handling acids safely, Appendix G3
Heat shrink techniques (discouraged),

327

Heat treatment, 3.7.4(2), (3), (4),
Footnote 8, 13 Table 3.2, 4.5, 4.11

Identification of accepted welds, 6.5.5
Identification of welders, 5.19.2

Inclusions, copper, 4.13.4
Incomplete fusion, 3.7.2.3

Information to biders, 6.6.4, 6.7.1

Inspection, 6

K

K-connections, 5.21.4

L

Limitation of variables, 5.22, 5.23, 5.24

Limits of positions qualified, 5.14, 5.20

Liquid penetrant testing, see dye-penetrant

Load, dead, 7.5.2

Load, live, 7.5.1

Longitudinal bend specimens, 5.10.1.5,
5.10.1.6

Machining, 3.2.6
Macroetch solutions, Appendix G

Macroetch test specimen, 5.8.1.2, Fig. .

5.17, Table 5.3, Table 5.4, Table 5.5,
Table 5.7
Manufacturer, see contractor
Marking inspected work, 6.5.5
Materials, 1.3
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essential hole size, 6.10.7.1

location, 6.10.7

number required, 6.10.7

thickness, 6.10.7.1

Performance qualification, 5 Part D

(5.19-5.27)

fillet weld fracture tests, 5.25.6.2,
5.25.8.2

fillet weld tests, 5.20.3, 5.20.5

groove weld tests, 5.20.2, 5.20.4

limitations of variables, 5.22, 5.23, 5.24

limited thickness, 5.21.2

macroetch test, 5.25.6.4

period of effectiveness, 5.27

pipe weld tests, 5.20.4, 5.20.5

plate weld tests, 5.20.2, 5.20.3

position limitations, 5.20

positions, 5.19.4

preparation of test specimens, 5.25.5

preparation of test weldments, 5.21

radiographic test, 5.25.7.3

records, 5.10.3, Appendix E(c)

test pipe or tubing, 5.21.3, 5.21.4,5.21.5
Measurement units, 1.8 test plates, 5.21.1, 5.21.2

Mechanical tests, 5.7.2 fest results

Melt-through, 5.8.2(6) acceptance criteria, 5.25.7, 5.25.8

Certified Welding Inspectors, 6.1.3
dye-penetrant, 6 Part D (6.14-6.18)
marking inspected work, 6.5.5, 6.10.12
nondestructive testing, 6.7

of materials, 6,2
of qualifications, 6.4

of work and records, 6.5
radiographic, 6, Part B (6.8-6.12)

records, 6.5.6

requalification of welders, 6.4.2
responsibility, 6.1.1, 6.1.4, 6.3, 6.4,

6.5

ultrasonic, 6 Part C (6.13)

verification, 6.1.1
visual, 3.2.4, 5.8, 8.8.1

welder qualification, 6.4
welding procedure qualification, 6.3

Inspector, 6.1.2, 6,1.3
assistant, 6.1.3.2

AWS Certified Welding, 6.1.3

CSA, CWB, 6.1.3
CWI, 6.1.3.1

fabrication/erection, 6.1.2

verification, 6.1.2
Interpass temperature, 4,5

J

Job size pipe or tubing, Table 5.3(3)

Joint welding procedures, 2.7-2.10
limitation of variables, 5.16
procedure qualification, 2.6.2, 5.15

qualification tests, 5.17

sample forms, Appendix E
Joints, recommended details, 2.7-2.10,

10.5, Appendix B1, B2

Melting-through, 4.9
Metric units, 1.8
Minimum throat, Table 2.1

N

Nonconformance, 6.6.5
Nondestructive testing, 6.7
dye-penetrant, 5.8.1, 6.7.5, 6 Part D
(6.14-6.18)
personnel qualification, 6.1.3.3, 6.7.6
radiographic testing, 6 Part B(6.8-6.12)
report forms, Appendix F
ultrasonic testing, 6 Part C (6.13)
Nontubular structures, see Structures
Notification given inspector, 6,1.6

O

Offset, 3.3.1, 3.3.3, 3.3.4, 10.12.2, 10.12.3

Options, 3.7.2,5.7.3,5.11.1,5.11.2,5.11.3,
5.21.5,5.25.2

Overlap, 3.7.2.1

Overlap of weld starts, 10.9.2, 10.4.3

Owner’s responsibility, 6.6.5

P

Partial testing, 6.9.3, 6.15.3

Peening, 4.10, 8.7

Penetrameters, 6.10.7.1, 6.10.7.2
design, Fig. 6.5

bend tests, 5.25.6.1, 5.25.7.2, 5.25.8.3
visual, 5.25.7.1, 5.25.8.1
test specimens
location, pipe and rectangular tests,
5254
preparation, 5.25.5
T-, K-, Y-connections, 5.21.4
tubing, square or rectangular tests,
5.25.4
tubular groove weld, Fig. 5.32
unlimited thickness, 5,21.1
Period of effectiveness, 5.27
Personnel qualification for NDT, 6.7.6
Pipewelds job-size pipe, Table 5.3(2),
Table 5.7(2)
position, 5.19.4, 5.20, 5.24
procedure qualification, 5.14
test specimens, 5.17.4.2
visual inspection, 5.17.3.1
welding qualification, 5.20.5
test specimens, location, 5.21.3,5.25.3
Piping porosity, excessive, 3.7.2.3
Plasma arc cutting, 3.2.3
Plug welds, 2.8, Appendix D
depth of filling, 2.8.6
effective area, 2.3.3
hole diameter, Table 2.8.1
size, 2.8.1
spacing, 2.8.2
technique for making, Appendix D
thickness, 2.8.6
Porosity, 3.7.2.3, 10.15.2, Table 10.2
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Position of welding, 3.3.5, 5.6, Figs. 5.1
through 5.6 -
limits, 4.15, 5.20
PQR, 5.13,3, Appendix E
Preheat, 4.4
Preparation of material, 3.2
Procedure qualification, 5 Part C
(5.13-5.18)
limitation of variables, 5.16
limits of positions, 5.13.4
PQR, 5.13.3, Appendix E
records, 5.5
results required, 5.17.7, 5,17.8
retests, 5.18
tests, 5.17
test weld positions, 5,14
WPS, 5.13.2, Appendix E
Procedure specification, 5.13.2,
Profiles, weld, 3,6, Fig, 3.2

Q

Qualification, 5 (5.1-5.26)

acceptance criteria, 5 Part B (5.7-5,12),
5.25.7,5.25.8

essential variables, 5.2.4, 5,16

general requirements, 5,1, 5.19

positions, 5.6, 5.14, 5.20

previous qualifications, 5.3.2

previously qualified procedures, 5.2.2,
523

procedures, 5 Parts C, D (5,13-5,26)

records, 5.5, 5.19.3, Appendix E, F

responsibility, 5.4, 5.19.2

retests, 5,26

tack welders, 5 Part D (5,19-5.26),
5.21.5,5.24

welders, 5 Part D (5.19-5.26), 5.22

welding operators, 5 Part D
(5.19-5.26), 5.23

welding procedures, 5.2, 5 Part C
(5.13-5.18)

Quality of radiographs, 6,10.10

R

Radiographic procedure, 6.10
backing, 6.10.3.2
backscattered radiation, 6.10.8.2
examination, 5,12, 10.15.2
extension bars, 6.10.3.1
film length, 6,10.8.1
film type, 6.10.4
film width, 6.10.9
general, 6.8
iridium 192, 6,10,6
penetrameters, 6.10.3.3, 6.10.7, 6,10.7.2
radiograph illuminator, 6.12,2
radiographs, 6.10, 6.12
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shims, 6.10,3.3, 6.10.7.1
source location, 6.10.5
sources, 6.10.5.1, 6.10.6
surface preparation, 6.10.3.2
thickness transition, 6.10.7
weld reinforcement, 6.10.3 -
Radiographic testing, 6.7.3, 6 Part B
(6.8-6.12)
acceptance, 6.11
complete testing, 6.9.2
extent of testing, 6.9
partial testing, 6.9.3
spot testing, 6.9.4
Radiographs, 6.10, 6.12
acceptability of welds, 5.12.2, 6.11,
8.8.2,9.8.2,10.15.2
contractor’s obligation, 6.12.4
density limitations, 6.10.11
disposition of, 6.12.4
examination, 6,12.2
H & D density, 6.10.11.1
identification of, 6.10.12
quality, 6.10.8, 6.10.10
report of interpretations, 6,12.3,
Appendix F
submitted to owner, 6.12.4
Radius of J- and U-grooves, 2.10.3.2
Records, 5.5, 5.19.3, Appendix E,
Appendix F
Reduced-section tension tests, Fig, 5.7,
5.8,59
test specimens, 5.9.1
Reentrant corners, 3.2.5
Referenced documents, Appendix A
Reinforcement, 3.6.2, 3.6.3
removal of, 3.6.3
Removal of extension bars, 4.8.2, 6.10.3.1
Repairs, 3.7
of cut edges, 3.2.4.3(3), (4), (5)
of defective welds, 3.4, 10.16
of distortion, 3.7.4
of existing structures, 7
of welds, 3.7.5, 10.11
Report forms, Appendix E, Appendix F
Responsibility, 5.13.1, 6.6.1
Retests, 5.18, 5.26
Rivets, 7.5.3
Root-bend test, 5.10.1, Fig. 5.12, 5.13
Run-off plates, 8.2.5

S

Safety, 1.7, 7.4.3, Appendix G3
Sample report forms, Appendix E,
Appendix F
Sawing, 3.2.6
Shielding gas, 1.3.3
gas metal arc welding, 4.3

storage, 1.3.3.2
Shop splices, 3.4.7
Short circuiting transfer (prohibited),
4.13.1.3
Shrinkage, 3.4
Side-bend test, 5.10.1, Fig. 5.11
Size of welds, 3.1.5
Skewed T+oints, 2.7.4, Fig. 2.3
Slot welds, 2.8
depth of filling, 2.8.6
effective area, 2.3.3
ends, 2.8.4
size, 2.8.3
spacing, 2.8.5
technique for making, Appendix B
width of slot, 2.8
SNT-TC-1A qualification, 6.7.6
Solutions for macroetching, Appendix G
Soundness tests, 5.11
Splice plates, 2.4.3
Splices, 2.4.1(1)
Spot radiography, 6.9.4
Spot testing, dye penetrant, 6.15.4
Square or rectangular tubing, welder’s
qualification on, Fig, 5.32
Static load structures, nontubular, 8 Parts,
A,B,C
See also Structures
backing, extensions, runoff bars, 8.2.5
base metals, 8.2
combinations of mctals,8.2.2
dimensional tolerances, 8.5
flatness of girder webs, 8.5.1, 8.5.2
girders, 8.5
inspection, 8.8
quality requirement, 8.8
removal of backing, 4.9.3
splices, 8.5.3
stiffeners, 8.5.2
temporary welds, 8.6
undercut, 8.8.1(5)
web flatness, girders, 8.5.1, 8.5.2
weld termination, 8.7
Stiffeners, 3.5.8.3.5.12
beams, 3.5.10
bearing, 3.5.8, 3.5.9, 3.5.1
fit, 3.5.8, 3.5.10, 3.5.11
girders, 3.5.10
intermediate, 3.5.11, 3.5.12
straightness, 3.5.9, 3.5.12
tolerances, 3.5.13
Storage of filler metals, 1.3.2.3
Storage of shiclding gases, 1.3.3.2
Strengthening of existing structures, 7
associated structural design
specifications, Footnote 16
design, 7.3
materials, 7.2




special conditions, 7.5
workmanship, 7.4
Stress relief, 4,11
Stresses, 2.2, 7.5, 8.4, 9.4, 10.4,
Structures, existing, 7
See Existing structures
Structures, nontubular, dynamically
loaded, 9
acceptance welds, 9.8.1
allowable stress, 9.4
application, 9.1
associated specifications, 9.1.1,
Footnotes 16, 18, 20
base metal, 9.2
bolted splice, 9.5.3
bolts, 7.5.3
combination of metals, 9.2.2
contractor’s responsibility, 9.2.4
cracks, 9.8.2(1)
craters, 9.8.1(3)
dimensional tolerances, 9.5
discontinuity dimensions, 9.8.2
extension bars, 9.2.5
filler metal, 9.3
filler plates, 9.2.5
fillet weld size, 9.8.1(6)
flatness of webs, 9.5.1, 9.5.2
fusion, 9.8.1.2(2)
girders, 9.5.1,9.5.2,9.5.3
in-line discontinuities, 9.8.2.1(7)
inspection, 9.8
dye-penctrant, 9.8.4
radiographic, 9.8.2
ultrasonic, 9.8.3
visual, 9.8.1
peening, 9.7.1
permanent backing, 9.2.5
pores, 9.8.2.1
profiles, 9.8.1(4)
restrictions, 9.5.4
rivets, 7.5.3
splices, 9.5.3
stiffeners, 9.5.2
substitute material, 9.2.4
surface cracks, 9.8.1(1)
temporary backing, 9.2.5
temporary welds, 9.6
unacceptable discontinuities, 9.8.2
undercut, 9.8.1(5)
web flatness, 9.5.2
weld terminations, 9,7
welds in compression, 9.8.2,2
welds in tension, 9.8.2.1
welds over 1-1/2 in., 9.8.2.3
Structures, nontubular, statically
loaded, 8
acceptable welds, 8.8.1
allowable stresses, 8.4

application, 8.1
associated structural design, 8.1.1 and
Footnote 18
base metal, 8.2
bolted splice, 8.5.3
bolts, 7.5.3
combination of metals, 8.2.2
contractor’s responsibility, 8.2.4
craters, 8.8.1(3)
dimensional tolerances, 8.5
extension bars, 8.2.5
filler metal, 8.3
filler plates, 8.2.5
fillet weld size, 8.8.1(6)
flatness of webs, 8.5.2
fusion, 8.8.1(2)
girders, 8.5.1, 8.5.2, 8.5.3
inspection, 8.8
dye-penetrant, 8.8.4
radiographic, 8.8.2
ultrasonic, 8.8.3
visual, 8.8.1
peening, 8.7
permanent backing, 8.2.5
profiles, 9.8,1(4)
restrictions, 8.5.4
rivets, 7.5.3
shrinkage cracks, 8.8.1(3)
splices, 8.5.3
stiffeners, 8.5.2
substitute material, 8.2.4
surface cracks, 8.8.4
temporary backing, 8.2.5
temporary welds, 8.6
unacceptable discontinuities, 8.8
undercut, 8.8.1(5)
unlisted alloys, 8.2.3
web flatness, girders, 8.5.1,
8.52
weld termination, 8.7
workmanship, 8 Part C (8.5-8.8)
Stud Welding, section 7
acceptance criteria-procedure, 7.6.6,
7.15.6
acceptance criteria-production welds,
7.8, 1717
arc stud welding, Part B
general, 7.1
capacitor discharge stud welding 7.11
mislocated studs 7.9, 7.18
preproduction'welds, 7.7, 7.16
procedure qualification, 7.6.3, 7.15.3
repair, 7.10, 7.19
technique, 7.5, 7.14
workmanship, 7.4, 7.13
Subsize specimens, 5.10.1.4
Surface condition, 3.2.8
Surface preparation, 3.2.8.2, 3.2.9
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Symbols, 1.6,2,1.3.1,2.1.4

T
Tack welds, 3.3.7
in final' weld, 3.3.7.1
size, 3.3.7
Tack welder, definition, 5.19.1
Tack welder, qualification, 5.21.5, 5.24
See also performance qualification
limitation of variables, 5.24
period of effectiveness, 5.27
records, 5.5
test report form, Appendix E
retests, 5.26
test results, 5.25.7, 5.25.8
test specimens, 5.25.3
Technique, 4
Temperature, ambient, 3.1.3
Temporary backing, 4.9.5
Temporary welds, 3.3.7.2, 10.8.10
Tension members, 2.5
Tension tests, 5.7.2.1, 5.9
Termination of welds, 4.8
Test plates, welded
performance qualification, 5.19
procedure qualification, 5.15
Test procedures, 5.10.2, 5.21
Test purposes and types, 5.7
Test records, 5.5, 5.19.3
Test results, 5.17.7, 5.17.8, 5.25.7, 5.25.8
Test specimens, 5.9.1, 5.10.1, 5.25.3
location, 5.17.4, 5.25.4
preparation, 5.15, 5.25.5
Test weld positions, 5.6, 5.19.4
T-, K-, Y-connections, 5.21.4
Tolerance, 3.5, 8.5
alignment, 3.3.1
bearing joints, 3.3.3, Footnote 7
camber, 3.5.3
dimensions, groove welds, 2.9.2, 3.3.2
fit-up, 3.3.3,3.3.4
flatness, 3.5.5
offset, 3.3.1
variation from straightness, 3.5.1, 3.5.2
warpage, 3.5.6
Transverse bend specimens, 5.10.1.1,
5.10.1.2, 5.10.1.3, 5.10.1.4
Tubular branch connections, 10.5
Tubular connections, 10,5
definition, 10.1.2
parts, Fig, 10,1
Tubular structures, 10
acceptable welds, 10.10, 10.15.1
acceptance criteria, Class II, Table 10.2
alignment, 10.12.4
allowable stresses in welds, 10 Part B
(10.4), Appendix A
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application, 10.1

association structural design, 10.1.1,
Footnote 20

base metals, 10.2
backing, 4.9.3, 4.9.5
combinations, 10.2.2
extension bars, 4.8.2, 8.2.5
runoff plates, 8.2.5
substitute material, 10.2.4
unlisted alloys, 10.2.3, 10.2.4

branch connections, 10.5, 10.12.1

burn marks, 10.10, Table 10.2

camber, 3.5.3

Class I Structures, 10.1.2, Part D

(10.6-10.11)

Class II Structures, 10.1.3, 10 Part C
(10.5), Footnote 23, 10 Part E
(10.12-10.,16)

compression member tolerances,
10.12.7

cracks, 10,10

craters, 10.9, 10.9.2, 10,14.2

cut edges, 10.7

defective base metal, 10.11

defective welds, 10,11

details of welded joints, 10 Part C(10.5)

dimensional tolerances, 10.6, 10.12
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effective fillet length, 2.3.2
effective weld areas, 2.3
effective weld throats, 2.3
faying surface separation, 10.12.3
filler metal, 10.3
filler plates, 10.12.3
fillet welds
concavity, Fig. 3.6, Table 10.1,
Table 10.2
convexity, Fig. 3.6, Table 10.1,
Table 10.2
dimensional tolerances, 10.12.1,
Table 10.2
incomplete fusion, 10.15.2.4
maximum size, 4.13.1.1
fit-up, 10.12
girth welds, 10.12.4
groove welds, tolerances, 10.12.6
inspection, 10.10.1, 10.15.1
joint configurations, Class II, Fig. 10.1,
Fig. 10.2
K-connections, 5.21.4
longitudinal weld seams, 10.12.5
nondestructive testing of tubular
structures, 10.15
offset, 10.1.2, 10.12.3
overlap of weld starts, 10.9.2, 10.14.4

parts, Fig. 10.1
peening, 10.9, 10.14
porosity, Table 10.1, Table 10.2
procedure qualification tests, 5.17
quality of welds, 10.10, 10.15
reinforcement of groove welds, 10.10
repair, 10.11
root face tolerance, 10.12.6
root opening tolerance, 10.12.6
scratch marks, 10.10, Table 10.2
T-connections, 5.21.4
technique, weld terminations, 10.14.4
temporary welds, 10.8, 10.13
T-,Y-, K-connections, 10 Part C (10.5)
tubular branch connections, 10.5
undercut, Table 10.22
underfill, 10.10, Table 10.22
variations from details, 10.12.6
visual inspection, 10.10.1, 10.15.1
weld overlap, 10.9.2) 10.14.3
weld terminations, 10.9, 10.14
weld throat, 10.10
workmanship, Class I Structures,
10 Part D (10.6-10.11)
workmanship, Class II Structures,
10 Part E (10.12-10.15)
Types and purposes of tests, 5.7




