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Abstract

Eight mechanical test methods that are applicable to welds and welded joints are described. They are recognized as the
standard methods for bend, tension, nick break, hardness and fracture toughness testing as well as fillet weld break and
shear testing and stud weld testing. For each testing method, information is provided concerning applicable ANSI,
ASTM, and API documents; the required testing, apparatus, specimen preparation, procedure to be followed, and
report requirements.
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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.
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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 arc relevant to the welding industry and the
consensus of which forms the basis for these standards. By providing such a forum, AWS does not assumne 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.

With regard to technical inquiries made concerning AWS standards, oral opinions on AWS standards may be
rendered. However, such opinions represent only the personal opinions of the particular individuals giving them. These
individuals do not speak on behalf of AWS, nor do these oral opinions constitute official or unofficial opinions or
interpretations of AWS. In addition, oral opinions are informal and should not be used as a substitute for an official
interpretation.

This standard is subject to revision at any time by the AWS Committee on Mechanical Testing of Welds. 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 consideration by the AWS Committee on
Mechanical Testing of Welds 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 Committee on Mechanical Testing of Welds 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 the ANSI/ AWS B4.0-92, Standard Methods for Mechanical Testing of Welds, butis
included for information purpaoses only.)

This standard covers the most common tests for mechanical testing of welds. They are defined and illustrated in four
parts related to testing of groove welds, testing of fillet welds, and stud welds. The tests include bend tests, tension tests,
nick break tests, hardness tests, fracture toughness tests, fillet weld guided bend tests, fillet weld soundness tests, fillet
weld shear tests, and appropriate tests for stud welds.

This document extensively uses American Society for Testing and Materials (ASTM) Standard Methods and
specifies how to use these methods when testing weldments. It takes into consideration the variations in properties that
can occur between different regions (base metal, heat-affected zone and weld metal) of a weldment.

Methods of hardness testing and mechanical property tests for base metals are covered by ASTM standards or the
individual material specification. The joint tests for brazements are covered in AWS C3.2, Standard Methods for
Evaluating the Strength of Brazed Joints in Shear.

This Foreword applies to all four parts. Additional information on the mechanical testing of welded joints may be
obtained from the AWS Welding Handbook, Volume 1.

The values stated in U.S. customary units and used throughout this document are to be regarded as the standard,
although conversions to metric (SI units), sometimes referred to as soft metric are provided. Metric units are rounded

to the nearest 0.5 mm.
Safety Precautions. Safety precautions shall conform to the latest edition of ANS1/ASC Z49.1, Safety in Welding
and Cutting, published by the American Welding Society.

Note: This standard may involve hazardous materials, operations, and equipment. The standard does not purport
to 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.

Comments or inquiries on this standard are welcome. They should be addressed to the Secretary, AWS Committee
on Mechanical Testing of Welds, 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 Managing Director of Technical Services at the American Welding Society. A formal reply will be issued
after if has been reviewed by the appropriate personnel following established procedures.
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Standard Methods for

Mechanical Testing of Welds

Part A
Testing of Groove Welds

Al. Bend Tests
1. Scope

1.1 This section covers the bend testing of groove welds
in butt joints and the bend testing of surfacing welds.
The standard gives the requirements for bend test spec-
imen preparation, test parameters, and testing proce-
dures but does not specify the bend radius requirements
or acceptance criteria.

1.2 The base materials may be homogenous, clad, or
otherwise surfaced, except for hardfacing.

1.3 This standard is applicable to the following, where
specified:

(1) Qualification of materials, welding personnel and
welding procedures

(2) Information, specifications of acceptance, manu-
facturing quality control

(3) Research and development

1.4 When this standard 1s used, the following informa-
tion shall be furnished:

(1) The specific location and orientation of the
specimens

(2) The specific types of tests, for example, face-bend,
side-bend, or root-bend, and number of specimens
required

(3) The type of data required and observations to be
made

(4) Bend radius or percent (%) elongation

(5) Post weld thermal or mechanical processing
treatments

Copyright by the American Welding Society Inc
Sat Jul 05 14:39:20 1997

2. Applicable Documents

Reference should be made to the latest edition of the
following documents:

ANSI B46.1  Surface Texture (Surface Roughness,

Waviness, and Lay)

ASTM E190 Standard Method for Guided Bend
Test for Ductility of Welds

ASTM A370 Standard Test Methods and Defini-
tions for Mechanical Testing of Steel

Products

AWS A24  Symbols for Welding, Brazing, and
Nondestructive Examination

AWS A3.0  Standard Welding Terms and Defini-

tions Including Terms for Brazing,
Soldering, Thermal Spraying and
Thermal Cutting

The sources for these documents are the following:

American National Standard Institute (ANSI)
1430 Broadway
New York, New York 10018

American Society for Testing & Materials (ASTM)
1916 Race Street
Philadelphia, Pennsylvania 19103-2287

American Welding Society (AWS)
550 N.W. LeJeune Road

P.O. Box 351040

Miami, Florida 33135
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2/ Testing of Groove Welds

3. Summary of Method

3.1 The specimens are guided in the bending process
with a test jig that employs a mandrel with wrap-around
roller or end supports with plunger.

3.2 The maximum strain on the tension surface is con-
trolled by the thickness of the specimen and the radius of
the mandrel or plunger.

4. Significance

4.1 The ductility of a welded joint, as evidenced by its
ability to resist tearing, and the presence of discontinui-
ties on the tension surface are determined in a guided-
bend test.

4.2 Bend tests are used to determine incomplete fusion,
tearing, delamination, effect of bead configuration, and
macro-discontinuities of weld cladding.

5. Definitions and Symbols

The welding symbols and terms used in this section
are in accordance with the latest edition of ANSI/ AWS
A2.4, Symbols for Welding, Brazing, and Nondestruc-
tive Examination and ANSI/AWS A3.0, Standard
Welding Terms and Definitions.

l/ Weld in several planes
(weld continues around periphery)

Unless otherwise noted, the following designations
are used:

= plunger radius

= die radius

= inside diameter

= test platc length

= radius

= surfacing weld thickness
thickness of test weldment
specimen thickness
specimen width

Sy Lm0 »
|

6. Apparatus

6.1 Guided-bend specimens may be tested in either of
two types of fixture. One type is the guided-bend fixture,
which is designed to support and load the specimen in a
three point bending mode. The alternate is a wrap-
around bend fixture that fixes one end of the specimen
and uses a roller to force the specimen to bend around a
mandrel.

6.2 The guided-bend fixture shall have the dimensions
given in Figures Al or A2.

6.3 The wrap-around bend fixture shall have the
dimensions given in Figure A3.

6.4 The radii of the plunger shown in Figures Al and
A2 or the mandrel shown in Figure A3 shall be specified,
or determined from the relationship expressed by Fig-
ure A4 between minimum specified metal elongation,
and the thickness of the specimen.

7. Specimens

Bend test specimens shall be prepared by cutting the
weld and the base metal to form a specimen rectangular
in cross section. The surfaces cut transverse to the weld
shall be designated as the sides of the specimen,; the other
two surfaces shall be designated as the face and root
surfaces, as appropriate. Transverse specimens may
have the side, face, or root of the weld as the tension
surface. Longitudinal specimens may have the face or
the root of the weld as the tension surface of the
specimen.

7.1 Transverse Side-Bend. The longitudinal axis of the
specimen is perpendicular to the weld, and the specimen
is bent so that one of the side surfaces becomes the ten-
sion surface of the specimen. The side showing the more
significant discontinuities (if any) shall be the tension
side. Transverse side-bend test specimens shall conform
to the requirements of Figure AS. Transverse side-bend
specimens are used for plates or pipe that are too thick
for face-bend or root-bend specimens and are recom-
mended for welds with narrow fusion zones.

7.2 Transverse Face-Bend. The longitudinal axis of the
specimen is perpendicular to the weld and the specimen
is bent so that the weld face becomes the tension surface
of the specimen. Transverse face-bend specimens shall
comply with the requirements of Figure A6 for plate and
Figure A7 for pipe welds.

7.3 Transverse Root-Bend. The longitudinal axis of
the specimen is perpendicular to the weld, and the speci-
men is bent so that the root surface of the weld becomes
the tension surface of the specimen. Transverse root-
bend specimens shall comply with the requirements of
Figure A6 for plate and Figure A7 for pipe welds.

7.4 Longitudinal Face-Bend. The longitudinal axis of
the specimen is parallel to the weld and the specimen is
bent so that the face of the weld becomes the tension
surface of the specimen. Longitudinal face-bend speci-
mens shall comply with the requirements of Figure A8.

_
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7.5 Longitudinal Root-Bend. The longitudinal axis of
the specimen is parallel to the weld and the specimen is
bent so that the root of the weld becomes the tension
surface of the specimen. Longitudinal root-bend test
specimens shall comply with the requirements of Figure
AS8.

7.6 Fillet Weld Root-Bend. The fillet weld root-bend
test sample shall be welded and prepared as shown in
Figure A9. The root of the weld shall be the tension
surface of the specimen. The fillet weld-root bend test is
an alternate to the fillet weld break test in some codes
and specifications, (see Part B).

7.7 Weld Surfaced Specimens. The face-bend and side-
bend specimens for surfacing welds shall conform to the
requirements of Figure A10. The length of the speci-
mens shall be perpendicular to the weld direction of
transverse-bend specimens; the weld direction of the
longitudinal bend specimens shall be parallel to the
length of the specimen.

8. Procedure

Unless otherwise specified, the specimen shall be
tested at ambient temperature, and deformation shall
oceur in a time period no shorter than 15 seconds and no
longer than 2 minutes. If weld and HAZ are not within
the curved portion of the specimen, the specimen shall
be discarded and another specimen prepared and tested.

8.1 Guided-Bend Testing (Figures Al and A2)

8.1.1 Transverse Specimens

(1) Place the tension side down on the supporting
surface of the bend fixture shown in Figures Al and A2.
The centerline of the weld shall be at the mid-span
within £ /16 in. (1.5 mm).

(2) Anymeans may be used for smoothly moving the
plunger in relation to the support members of the bend
fixture.

(3) For bend fixtures with a bottom open (Figure
Al), apply the load on the plunger until the specimen is
bottom ejected.

(4) For bend fixtures with a bottom radius (Figure
A2), the plunger shall force the specimen into the die
until the specimen becomes U-shaped. The weld and
heat-affected zones shall be centered and completely
within the bent portion of the specimen after testing.

8.1.2 Longitudinal Specimens

(1) Center the tension side of the specimen on the
supporting surfaces of the bend fixture.

(2) Proceed as in Transverse Specimens 8.1.1(2), (3),
and (4).

Copyright by the American Welding Society Inc
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8.2 Wrap-Around Bend Test Jig (Figure A3). Clamp
the specimen on one end to prevent the specimen from
sliding during the bending operation. The weld and
heat-affected zones shall be completely within the bent
portion of the specimen after testing. Test specimens
shall be removed from the bend fixture when the outer
roll has been moved 180 degrees from the starting point.

8.3 Specimen Inspection. Remove the specimen from
the bend fixture and visually examine the tension sur-
face of the specimen (weld metal and heat-affected
zones) for tears or other open defects and record all
defect type, quantities, size and locations. When fracture
of the weld specimen occurs prior to completing a
180 degree bend, the angle at which it fractured shall be
recorded, if possible.

9. Report

In addition to the requirements of the applicable docu-
ment, the report shall include the following:
(1) Materials Identification
(a) Base metal specification
(b) Filler metal specification
(c) Specimen thickness and width
(2) Type of welded joint or surfacing weld
(3) Welding Procedure Specifications and Procedure
Qualification Record numbers (if applicable), and any
supplemental information provided, such as heat or lot
numbers
(4) Specific tests performed
(5) Bend radius
(6) Test temperature
(7) Number of tests per condition or lot
(8) The following additional information should be
included: Number, type, size and location of defects, if
any
(9) Bend angle, if specimen fractured prior to bend-
ing 180 degrees
(10) Any observation of unusual characteristics of
the specimens or procedure

10. Commentary

When testing weld bend specimens having signifi-
cantly different tensile and yield strengths using the test
fixture shown in Figures Al or A2, bending will not be
uniformly distributed across the weld, HAZ and base
metal. For example, if the deposited weld metal has a
yield strength less than that of the base metal, vielding
will begin in the weld first, resulting in a true bend radius
less than that of the plunger. A smaller effective bend
radius results in a more severe test of the deposited weld
metal.
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On the other hand, when the deposited weld metal is
stronger than the base metal, bending will begin in the
HAZ and adjacent base metal, resulting in bending with
a small radius at these points and little, if any, bending
occurring in the weld metal. The obvious result of this
situation is a more stringent test of the fusion zone of
the weld. Consequently, it is recommended that the
wrap-around fixture shown in Figure A3 be used in
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these situations or longitudinal bend specimens be used
in place of the transverse guided bend specimens. Test-
ing of welds in dissimilar metals (such as high tensile
strength plate to ordinary structural grade steels) can
produce similar effects and result in invalid test results
because of the tendency for the specimens to shift (slide
sideways) during loading when using the fixtures shown
in Figures Al and A2,
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A2. Tension Tests
1. Scope

1.1 This section covers the tension testing of welded
joints,

1.2 This standard does not specify required properties
or acceptance criteria.

1.3 When this standard is used as a portion of a specifica-
tion for a welded structure or assembly, or for a qualifi-
cation, the following information shall be furnished:

(1) The specific type(s) and number of specimens
required

{2) Base metal specification;identification

(3) Filler material specification/identification

(4) The anticipated property values and whether they
are maxima or minima

(5) Location and orientation of the specimens

(6) Report form when required

(7) Postweld thermal or mechanical processing
treatments

1.4 This standard is applicable to the following, when
specified;

(1) Qualification of materials, and welding proce-
dures where specified mechanical properties are required

(2) Information, basis for acceptance, and manufac-
turing quality control where mechanical properties are
requested

(3) Research and development

2. Applicable Documents

Reference should be made to the latest edition of the
following documents:

ANSI B46.1 Surface Texture (Surface Roughness,
Waviness and Lay)

ASTM E4 Standard Practices for Load Verifica-
tion of Testing Machines

ASTM E8 Standard Methods of Tension Testing

of Metallic Materials

ASTM A370 Standard Test Methods and Defini-
tions for Mechanical Testing of Steel
Products

ASTM B557 Standard Methods of Tension Testing
Wrought and Cast Aluminum, and
Magnesium Alloy Products

AWS A24  Standard Symbols for Welding, Braz-

ing, and Nondestructive Examination
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AWS A3.0  Standard Welding Terms and Defini-
tions Including Terms for Brazing,
Soldering, Thermal Spraying and

Thermal Cutting
The sources of these documents are the following:

American National Standards Institute (ANSI)
1430 Broadway
New York, New York 10018

American Society for Testing and Materials (ASTM)
1916 Race Street
Philadelphia, Pennsylvania 19103-2287

American Welding Society (AWS)
550 N.W. LeJeune Road

P.O. Box 351040

Miami, Florida 33135

3. Summary of Method

Tension testing of welded joints is done by means of a
calibrated testing machine and devices following the
procedures described in section 8 of Part A2.

4. Significance

4.1 Tension tests provide information on the load bear-
ing capacities, joint efficiencies, strain hardening prop-
erties and ductility of welded joints. The data obtained
from tension tests may include:

(1} Ultimate tensile strength

(2) Yield strength

(3) Percent elongation

{4) Percent reduction of area

(5) Stress-strain diagram

{6) Location and mode of fracture

4.2 Tension tests provide quantitative data which can
be compared and otherwise analyzed and used in the
design and analysis of welded structures. Fracture sur-
faces may also provide information on the presence and
effects of discontinuities such as incomplete fusion,
incomplete joint penetration, porosity, inclusions and
cracking,

S. Definitions and Symbols

The welding symbols and terms used in this section
are in accordance with ANSI/AWS A2.4, Symbols for
Welding, Brazing, and Nondestructive Examination,
and ANSI/AWS A3.0, Swandard Welding Terms and
Definitions.
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1\27: 125 microinches

Unless otherwise noted the following designations are
used:

A = length of reduced section
= length of end section

= dimension of grip section
= diameter

= length of shoulder and fillet
= diameter of shoulder

= gage length

inner diameter

= outer diameter

= overall length

= load

= radius of fillet

= specimen thickness

= thickness of test weldment
specimen width

O —
e T ulvAvEa R B A NoN.-
1

£S

6. Apparatus

The test shall be performed on a tensile testing
machine in conformance with the requirements of
ASTM E8. The machine shall be calibrated in accord-
ance with ASTM E4.

7. Specimens

7.1 Test specimen type shall be specified by the appli-
cable code, specification, or fabrication document. It is
recommended that test specimens which provide the
largest cross-sectional area be tested within the capabili-
ties of available test equipment.

7.2 As-welded specimens are frequently distorted or
mismatched. Removal of such distortion or mismatch-
ing by mechanical or thermal means is not permitted.
Unless otherwise stated, specified specimens shall be
tensile tested in the as-received condition.

7.3 Round Tension Test Specimens. The specimen
having the largest diameter of those shown in Figure
All, that can be machined from the material, shall be
tested.

(1) Round All-Weld-Metal Specimen. The all-weld-
metal tension specimen is used for evaluation of the
deposited weld metal ultimate tensile strength, yield
strength, elongation, and reduction in area. When base
metal dilution must be minimized for the specimen to be
representative of weld metal, the groove faces may be
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buttered with the same filler materials to be used in the
weld joint, or alternatively, the root opening may be
increased by 1/4 in. (6.5 mm). The reduced section of the
tension specimens between the gage marks shall be
located so that no buttering is included. It is recom-
mended that the surface of the reduced section o: tic
specimen be at least [/8 in. (3 mm) from the fusion line
along the bevel faces (see Figure All).

(2) Round Transverse Weld Specimen. The trans-
verse weld specimen is used together with the base metal
or all-weld-metal tension tests to evaluate joint effi-
ciency. Due to material or structural inhomogeneities,
or both, in specimens taken transverse to the centerline
of the weld, only ultimate tensile strength is normally
determined.

7.4 Rectangular Tension Test Specimen, Transverse
and Longitudinal. The tension specimens for welded
butt joints other than pipe or tubing shall be either
transverse weld tension specimens, or longitudinal weld
tension specimens that comply with Figure A12 or A13.
When thickness, t, of the test weld is beyond capacity of
the available test equipment, the weld shall be divided
through its thickness into as many specimens as required
to cover the full weld thickness and still maintain the
specimen size within the test equipment capacity. Unless
otherwise specified, the results of the partial thickness
specimens shall be averaged to determine the properties
of the full thickness joint. Due to material or structural
inhomogeneities, or both, in specimens taken transverse
to the centerline of the weld, only ultimate tensile
strength is normally determined.

7.5 Tubular Tension Test Specimen. Two types of spec-
imens are used in determining the tensile properties of
welded tubular products. For pipe or tubing larger than
2in. (51.0 mm) nominal diameter, the reduced rectangu-
lar section specimen may be used. The full section speci-
men shall be used to test weld joints in pipe or tubing 2in.
(51.0 mm) or less nominal diameter and may be used for
larger sizes subject to limitations of testing equipment.

(1) Greater Than 2 Inch Diameter. The reduced rec-
tangular section specimen, shall comply with Figurc
Al4. Specimens shall not be used for nominal wall
thicknesses less than 3/8 in. (9.5 mm).

(2) Less Than or Equal to 2 Inch Diameter. The full
section specimen shall comply with Figure AlS.

7.6 Preparation. Excessively deep machine cuts that
will cause invalid test data or that leave tears in the
surface of the finished dimensions shall be avoided.
Unless otherwise specified, the surface finish on surfaces
requiring machining shall be as specified in the specimen
drawings. Imperfections present in the gage length,
which are incidental to welding, shall not be removed.
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8. Procedure

8.1 The testing procedure for weld specimens shall be
as specified in ASTM E8 except that unless otherwise
specified, the rate of straining shall be between 0.05 and
0.5 in. per minute.

8.2 Round Tension Specimens (Figure A11). Mechan-
ical properties, namely ultimate tensile strength, yield
strength, elongation, and reduction of area, are deter-
mined for round all-weld-metal tension specimens. Un-
less otherwise specified, only ultimate tensile strength is
determined for round transverse weld tension specimens.

Ultimate tensile strength =

Maximum load P max

Original cross-sectional area (7T D2)

4
(The minimum diameter shall be used)
Yield strength =

Load at specified offset P (specified offset)
Original cross-sectional area (7r DZ)

4

Elongation, percent =

( Final gage length - original gage length

o X 100
Original gage length )

Reduction of area, percent =

(Original area - final area)) % 100

Original area
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8.3 Rectangular Tension Tests (Figures A12, A13, A14)
Ultimate Tensile Strength

The utimate tensile strength calculation for rectangu-
lar tension test 1s the following:

P max
WXT

Maximum load
UTS. = — - =
Original cross-sectional arca

8.4 Tubular Tension Tests

The ultimate tensile strength calculation for reduced
section (Figure Al4) is the same as 8.3. The ultimate
tensile strength calculation for full section (Figure A15)
is as follows:

_ P max
~0.7854 (OD2-1D2)

Maximum load

U.TS. = —
Original area

9. Report

In addition to the requirements of applicable docu-
ments, the report shall include the following:

(1) Base metal specification

(2) Filler metal specification

(3) Welding procedure (process and parameters)

(4) Specimen type

(5) Joint geometry

(6) Location of fracture and type of failure (ductile or
brittle)

(7) Calculated tensile strength
(For round all-weld metal specimen only: yield strength,
% elongation, and % reduction of arca)

(8) Any observation of unusual characteristics of the
specimens or procedure
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A3. Fracture Toughness Testing
of Welds

1. Scope

1.1 This section covers the fracture toughness testing of
welds. Methods include Charpy V-notch (Cv), the
Dynamic Tear (DT), the Plane-Strain Fracture Tough-
ness (K ) and the Drop Weight Nil-Ductility Tempera-
ture (DWNDT) Tests.

1.2 When a fracture toughness test is required, the
preparation of the weld, the test specimen, and the test
methods shall conform to this standard.

1.3 When this standard applies to weld metal, the width
of the weld metal shall be equal to or exceed the thick-
ness of the test specimen.

1.4 This standard is applicable to the following when
specified:

(1) For qualification of materials, welding proce-
dures, and welding personnel where a specified level of
{racture toughness is required.

(2) Forinformation, specification of acceptance, and
manufacturing quality control where a minimum erite-
rion for fracture toughness is requested. Detailed discus-
sion of the selection of test method and a specified
minimum value in a specific case is beyond the scope of
this standard.

(3) Research and development.

1.5 When this standard is used the following informa-
tion shall be furnished:

(1) The specific types and number of specimens
required.

(2) Base metal specifications/identification

(3) Filler material specification/identification

(4) The anticipated property values and whether they
are maxima or minima

(5) Location and orientation of the specimen and
notch

(6) Joint geometry

(7) Test temperature

(8) Postweld thermal or mechanical treatments

2. Applicable Documents

Reference should be made to the latest edition of the
following documents:

ASTM E23  Standard Methods for Notched Bar
Impact Testing of Metallic Materials

ASTM E208 Standard Method for Conducting
Drop-Weight Test to Determine Nil-
Ductility Transition Temperature of
Ferritic Steels
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ASTM A370 Standard Test Methods and Defini-
tions for Mechanical Testing of Steel
Products

ASTM E399 Test Method for Plane-Strain Frac-
ture Toughness of Metallic Materials

ASTM E436 Standard Method for Drop-Weight
Tear Tests of Ferritic Steels

ASTM E561 Standard Practice for R-Curve Deter-
mination

ASTM F604 Standard Test Method for Dynamic
Tear Testing of Metallic Materials

ASTM E616 Standard Terminology Relating to
Fracture Testing

ASTM B645 Standard Practice for Plane-Strain
Fracture Toughness Testing of Alumi-
num Alloys

ASTM B646 Standard Practice for Fracture Tough-
ness Testing of Aluminum Alloys

ASTM E740 Standard Practice for Fracture Testing
with Surface-Crack Tension Specimens

ASTM E813 Standard Test Method for J;., A Mea-
sure of Fracture Toughness

ASTM F992 Standard Practice for Determination
of a Fracture Toughness of Steels
Using Equivalent Energy Methodology

ASTM E1152 Standard Test Method for Determin-
ing J-R Curves

ASTM Ei1221 Standard Test Method for Determin-
ing Plane-Strain Crack-Arrest Frac-
ture Toughness, Kla, of Ferritic Steels

AWS A24  Standard Symbols for Welding, Braz-
ing, and Nondestructive Examination
AWS A3.0  Standard Welding Terms and Defini-

tions Including Terms for Brazing,
Soldering, Thermal Spraying and
Thermal Cutting

The sources of these documents are the following:

American Society for Testing and Materials (ASTM)
1916 Race Street
Philadelphia, Pennsylvania 19103-2287

American Welding Socicty (AWS)
550 N.W. LeJeune Road

P.O. Box 351040

Miami, Florida 33135
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3. Summary of Method

3.1 Specimens shall be removed from a weldment so that
the results of the test are representative of the fracture
toughness of the weld joint, in specific applications.

3.2 The method selected for fracture toughness testing
shall be that required in the specification of a material,
fabrication document, or as otherwise specified.

4. Significance

4.1 Fracture toughness testing provides a measure of
resistance to crack initiation or propagation, or both.

4.2 The welding process and welding procedure have a
significant effect on the mechanical properties of a weld
joint. If the fracture toughness of a weld joint sample is
to be representative of its structural performance, the
same welding process and procedure must be used for
the sample and the structure.

5. Definitions and Symbols

The welding symbols and terms used in this section
are in accordance with the latest editions of ANSI/ AWS
A2.4, Symbols for Welding, Brazing, and Nondestruc-
tive Examination, and ANSI/AWS A3.0, Standard
Welding Terms and Definitions.

6. Apparatus

The apparatus for conducting the various fracture
toughness tests shall be in accordance with the following
ANSI/ASTM Standard Methods:

(1) Charpy V-notch, E23

(2) Dynamic Tear, E604

(3) Plane-Strain Fracture Toughness (Compact Ten-
sion), E399

(4) Drop-Weight Nil-Ductility Transition Tempera-
ture, E208

7. Specimens

7.1 Sufficient information shall be provided to properly
locate specimens and weld joint, For specimens removed
from double bevel groove welds, the identification shall
include a reference with respect to the side of the weld.
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7.2 Unless otherwise specified, the weld metal width to
specimen thickness relationship shall be as shown in
Figure Al6.

7.3 Test specimens shall not contain metal that has been
affected thermally as a result of cutting or preparation.

7.4 Unless otherwise specified, the specimens shall not
contain welding stops or starts.

7.5 Unless otherwise specified, the nominal dimensions,
orientation, and notch location of specimens shall be
that shown in Figures A17 through A22 respectively.
Working drawings are provided in the referenced
documents.

7.6 When an evaluation of the base metal or heat-
affected zone, or both, is required, the location of the
notch shall be specified.

8. Procedure

Test specimen preparation and test procedure for
measuring the fracture toughness of a weldment shall be
in accordance with the following ANSI/ASTM Stan-
dard Methods:

(1) Charpy V-notch, E23

(2) Dynamic Tear, E604

(3) Compact Tension, E399

(4) Drop-Weight Nil-Duectility Transition Tempcra-
ture, E208

9. Report

In addition to the requirements of applicable docu-
ments, the report shall include the following:

(1) Base metal specification

(2) Filler metal specification

(3) Welding procedure (process and parameters)

(4) Joint Geometry

(5) Specimen type

(6) Specimen location and orientation

(7) Type of test equipment

(8) Fracture appearance and location

(9) Test temperature

(10) Energy absorbed

(11) Any observation of unusual characteristics of
the specimens or procedure
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PLUNGER
A
SHOULDERS OR
ROLLERS 3/4in. MIN
4
in. mm
2A+2(T+1/16in.)
1/16 15
3/4 19.0
20 510
T = SPECIMEN THICKNESS

Notes:

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

2. The shoulder or rollers shall have a minimum bearing length of 2 in. (51.0 mm) for placement of the specimen.

3. The shoulders or rollers shall be high enough above the bottom of the testing bend fixture so that the specimen will clear the
shoulders or rollers when the plunger is in the low position.

4, The plunger shall be fitted with an appropriate base and provision for attachment to the testing machine and shall be designed to
minimize deflection or misalignment.

5. The shoulder or roller supports may be made adjustable in the horizontal direction so that specimens of various thickness may be
tested in the same bend fixture.

8. The shoulder or roller supports shall be fitted to a base designed to maintain the shoulders or rollers centered and aligned with
respect to the plunger, and minimize deflection or misalignment.

7. The maximum plunger radius, A, shall be as specified or as determined from the formula or nomogram in Figure A4.

Figure A1 — Typical Bottom Ejecting Guided-Bend Test Bend Fixture

Copyright by the American Welding Society Inc
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," AS REQUIRED ...’/'NOTE 1 I‘_‘ AS REQUIRED
C g |

N : 1 3/4in. T: |': j
1 1]

f ll LAl
T PLUNGER -\ T
1
3/4 i .
oI j/2-o1 r——- 1-1/8 in.
T N '
1-1/8 in. c
. | s
=~
! @
1/4 in. " or— z zZ ) P @
s 3 3/4in. R
£ £
o [aV]
! A— 1/8
3/4 [ T]
| | 1 3/4 in. {1
Fe 2 in. v’l
3-7/8in. 7-1/2in.
l gin. i
in mm
1/16 15
1/8 3.0
Jig Dimensions for 20% Elongation of Weld 1/4 6.5
. , 172 12.5
Specimen Plunger Die 3/4 19.0
Thickness, T Radius, A Radius, B 1-1/8 28.5
in. mm in. mm in. mm 2 510
3 76.0
X 4 9. 1-3/1 30.
3/8 (9.5) 3/ (19.0) 3/16 (30.0) 3-7/8 98.5
T 2T A+T+1/16  (A+T+1.5) 6-3/4 1715
7-1/2 190.5
9 228.5

Notes:

1. Tapped hole of appropriate size, or other suitable means for attaching plunger to testing machine.

2. Either hardened and greased shoulders or hardened rollers free to rotate shall be used in die.

3. The plunger and its base shall be designed to minimize deflection and misalignment.

4. The plungershall force the specimen into the die until the specimen becomes U-shaped. The weld and heat-affected zones shall be
centered and completely within the bent portion of the specimen after testing.

The maximum plunger radius, A, shall be as specified or as determined from the formula or nomogramin Figure A4. The die radius,
B, shall be equal to A+T+1/16 in. (1.5 mm).

6. Weld size indicated is a recommendation. The actual size is the responsibility of the user to ensure rigidity and design adequacy.

o

Figure A2 — Typical Bottom Guided-Bend Test Fixture

—
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| n.

mm

1/18 1.5
3/4 19.0
2 51.0

Notes:

CLAMP
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T = SPECIMEN THICKNESS
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3/4 in. MIN
T+1/16in.
A
ROLLER
é WELD

1. Radius A shall be as specified, or as determined from the nomogram in Figure A4. Dimensions not shown are the option of the
designer, except that the minimum width of the components shall be 2 in. (61.0 mm).
2. Itis essential to have adequate rigidity so that the bend fixture will not deflect during testing. The specimen shall be firmly clamped
on one end so that it does not slide during the bending operation.
3. Test specimens shall be removed from the bend fixture when the outer roll has traversed 180° from the starting point.

Figure A3 — Alternative Wrap-Around Guided Bend Test Bend Fixture
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- 0
- 1/16
— 1/8
4 =~ 3/16
——1/4
£
S - 5/16
o) .
c
= —3/8
a 3 1]
Z w
i -716 &
w 9]
= I
Q@ 12
b 4
el s
2’ ~9/16 5
2 w
= o8
) —25/8 ¥
3
3
S F11/16
— 3/4
. 1 -13/16
— 7/8
- 15/16
0
L—1
in. mm in. mm in. mm in. mm in. mm
1/16 1.6 5/16 79 9/16 14.3 13/16 20.6 2 50.8
1/8 3.2 3/8 9.5 5/8 159 7/8 22.2 3 76.2
3/16 4.8 7/16 111 11/16 175 15/16 23.8 4 102
1/4 6.4 1/2 12.7 3/4 19.1 1 25.4 5 127
or where
o = t % 100 e - percent elongation

~

= initial plate thickness, mm (in.)
R = radius of curvature at the inside surface of the bend

2R-t

Notes:

1. Itis generally recommended that the specimen thickness for the bend tests be approximately 3/8 in. (9.5 mm). However, the
specimen thickness may be any value within the range given above as dictated by the material thickness, available equipment, or
the applicable specification.

2. Required accuracy of measurement is as follows:

(1) Specimen thickness £1/64 in. (0.5 mm)
(2) Elongation: £+ 1 percent
(3) Bend radius: = 1/16 in. (1.5 mm)
3. Example: If a standard reguires a minimum elongation of 20 percent and if the specimen is 7/16 in. (11.0 mm) thick, a line is drawn
. between these two points and extended to determine the appropriate bend radius which would be 7/8 in. (22.0 mm).

Figure A4 — Selecting Maximum Bend Radius
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IF THERMALLY CUT, NOT LESS THAN 1/8 in. SHALL .
BE MECHANICALLY REMOVED FROM THE EDGES. 1/8 in. MAX 1/8 in. R MAX

o -
L
|
W\ 3
6in. MIN 1/8 in. MAX
in mm
t 1/8 3.0
3/8 9.5
3/4 19.0
1-1/2 38.0
6.0 152.5

(A) SINGLE-V GROOVE WELD

1.

{ . 1/8 in. R MAX
] __QIMIN
W=4T t
TN\ 2 \ 1 2T min ]
— e o
\\ 6in. MIN *! 1
SEENOTE 2

(B) DOUBLE-V GROOVE WELD

Notes:

If the thickness, t, of a single-groove weld joint exceeds 1-1/2in. (38.0 mm), the specimen may be cut into approximately equal strips
between 3/4 in. (19.0 mm) and 1-1/2 in. (38.0 mm) wide. Each strip shall be tested by bending to the same radius as specified or as
determined by the nomogram in Figure A4.

If the plate thickness, t, of a double-groove weld joint exceeds 1-1/2 in. (38.0 mm), the specimen may be cut into multiple strips as
shown, so that the root of the weld is centered in one of the strips. These strips shall be bent to the same radius as specified or as
determined by the nomogram in Figure A4.

The weld reinforcement and backing, if any, shall be mechanically removed flush with the specimen surface. For performance
qualification, if sufficient material is available, acceptable undercut should be removed while maintaining specimen dimensions.
The diameter of the test plunger shall be equal to or exceed the width of the remaining weld face width. if this requirement cannot be
met, a greater thickness, T, shall be chosen in accordance with the nomogram in Figure A4.

All longitudinal surfaces shall be no rougher than 125 microinches (3 um) RMS. It is recommended that the lay of the surface
roughness be oriented parallel to the longitudinal axis of the specimen.

Figure AS — Transverse Side-Bend Specimens (Plate)
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1/8in. R MAX
i 1
o
1-1/2 in. | |
[ [
| |
| I
L i
[r
e,
\ / _3_ L t T
___________ A — e — o — — — — = ] <3/8in. t
| >3/8in.| 3/8in.
| 6 in MIN

(A) FACE-BEND SPECIMEN

< 1/8 in. R MAX

~
|
1-1/21in. l
|
I
L
____________ X in mm
18 | 30
Lt L, g | 95
I+ 6in. MIN ] - 1-1/2 38.0
6 152.5

(B) ROOT-BEND SPECIMEN

Notes:
1.

The specimen edges may be thermally cut but, in this case, atleast 1/8 in. (3.0 mm) of material shall be mechanically removed from
the thermally cut surface.

For clad metals having an elongation requirement of at least 25 percent, the specimen thickness, T, may be reduced when using a
fixed bend-radius testing bend fixture. The specimen thickness shall be determined by the nomogram in Figure A4.

If the weld joins base metal with different thicknesses, the specimen should be reduced to a constant thickness based on the thinner
base metal.

The weld reinforcement and backing, if any, shall be mechanically removed flush with the specimen surface. For performance
qualification, if sufficient material is available, acceptable undercut should be removed while maintaining specimen dimensions.
The diameter of the test plunger shall be equal to or exceed the width of the remaining weld face. If this requirement cannot be met, a
greater thickness, T, shall be chosen in accordance with the nomogram in Figure Ad.

All longitudinal surfaces shall be no rougher than 125 microinches (3 um) RMS. It is recommended that the lay of the surface
roughness be parallel to the longitudinal axis of the specimen.

Figure A6 — Transverse Face-Bend and Root-Bend Specimens (Plate)
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1/8 in. R MAX (TYP)

-

ID
4T or — (NOTE 3)

—1——3

~T

r_
I

|
|
|

!

l

I
=
!

!

l

!

!

!

l
[
-

" 6in. MIN —!

(A) FACE-BEND SPECIMEN

]
[ I ID
I | 4T or 3 (NOTE 3)
A
\
— — — — e f"‘_x,. ______ I TL L__‘
- i ]
| ] L [
! 6in. MiN ! LT Lt
(B) ROOT-BEND SPECIMEN
n mm
1 T
1/8 3.0
<3/8in. t 3/8 95
>3/8in.| 3/8in. 6 152.5

Notes:
1.

The specimen edges may be thermally cut but, in this case, at least 1/8in. (3.0 mm) of material shall be mechanically removed from
the thermally cut surfaces.

If the weld joins base metal with different thicknesses, the specimen should be reduced to a constant thickness based on the thinner
base metal.

The specimen width shall be 4T, except that it shall not exceed ID/3 where 1D is the inside diameter of the pipe.

The weld reinforcement and backing, if any, shall be mechanically removed flush with the specimen surface. If the back of the joint
is recessed, this surface of the specimen may be removed to a depth not exceeding the recess. For performance qualification, if
sufficient material is available, acceptable undercut should be removed while maintaining specimen dimensions.

The diameter of the test plunger shall be equal to or exceed the weld width. If this requirement cannot be met, a greater thickness, T,
shall be chosen in accordance with the formula or nomogram in Figure A4.

All longitudinal surfaces shall be no rougher than 125 microinches (3 pm) RMS. It is recommended that the lay of the surface
roughness be oriented parallel to the longitudinal axis of the specimen.

Figure A7 — Transverse Face-Bend and Root-Bend Specimens (Pipe)

_
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4
T

-
f
|
~
-
I
[
-
6 in. MIN f— t —»l
FACE -
BEND
n mm
1/8 3.0 t T
3/8 9.5
5/8 16.0 =3/8in. t
6 162.5 >3/8in.| 3/8in.

. Notes:

1. Thespecimen edges may be thermally cut, but in this case, at least 1/8 in. (3.0 mm) of material shall be mechanically removed from
the thermally cut surface.

2. Ifthe weld joins base metals of different thicknesses, the specimen should be reduced to a constant thickness based on the thinner
base metal.

3. Weld reinforcement and backing, if any, shall be mechanically removed flush with the surface of the specimen. For performance
qualification, if sufficient material is available, acceptable undercut should be removed while maintaining specimen dimensions.

4. All longitudinal surfaces shall be no rougher than 125 microinches (3 um) RMS. It is recommended that the lay of the surface
roughress be oriented parallel to the longitudinal specimen axis.

Figure A8 — Longitudinal Face-Bend and Root-Bend Specimen (Plate)

—
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DISCARD

L 3/4in. MIN

r 3/4in. MIN

DISCARD

1/8 in. R MAX (TYP)

1in. MIN
1-1/2 in. MAX

e 3in. MIN —-| 1in. I-—s in.MIN —=|  3/8in. .

,—
L ——

| } T
THE PORTION BETWEEN
e~ FILLET WELDS MAY BE n mm
/ / N WELDED IN ANY POSITION 8 20
/ A 3/8 95
3/4 19.0
1 25.5
1-1/2 | 380
2 51.0
3 76.0

3/8 in. MAXIMUM SIZE OF
SINGLE-PASS FILLET WELD

Notes:

1. Thebackingshall be 3/8in. by 2in. (9.5 mm by 51.0mm) minimum unless the test weld is to be inspected radiographically, in which
case the backing bar shall be 3/8 in. by 3 in. (9.5 mm by 786.0 mm)} minimum. The backing bar shall be in intimate contact with the
base plate.

2. Thetest plate length L, shall be sufficient for the required number of specimens. Specimens shall be removed mechanically from the
test plate.

3. The weld reinforcement and backing bar shall be removed mechanically, flush with the base plate.

4. All longitudinal surfaces shall be no rougher than 125 microinches (3 um) RMS. It is recommended that the lay of the surface
roughness be oriented parallel with the longitudinal axis of the specimen.

Figure A9 — Fillet Weld Root-Bend Test Specimen
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S
[_1/8in. MIN /— SURFAClN—G WELD 1/8in. R MAX
N S e ER——"A

6in. MIN

(A) FACE-BEND SPECIMEN

1/8 in. R MAX

SURFACING WELD
s /
—

|

2T to 4T

I 1

I I

| I

- | I

6in. MIN ! L T
(B) SIDE-BEND SPECIMEN

in. mm
1/8 3.0
3/8 9.5
6 152.5

Notes:

1. The dimension, t, is the thickness of the applicable material to be weld surfaced. The dimension, T, is the thickness of the test
specimen and shall be 3/8 in. (9.5 mm) unless otherwise specitied.

2. Forthelongitudinal bend test, the long axis of the specimen shall be paraliel to the welding direction. For the transverse bend test,
the long axis shall be perpendicular to the weld direction length of the test specimen.

3. The amount of surfacing weld removed from the face-bend specimen surface shall be the minimum necessary to obtain a smooth
surface. The minimum thickness of surfacing weld after finishing shall be 1/8 in. (3.0 mm).

4. All longitudinat surfaces shall be no rougher than 125 microinches (3 um) RMS. It is recommended that the lay of the surface
roughness be oriented with the longitudinal axis of the specimen.

Figure A10 — Surfacing Weld Face-Bend and Side-Bend Specimens
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10 in. APPROX.

—'I T l"— 1/4 in.1 751(/

i
w
l

b () ———in{

|"' 1/4 in. MIN (TYP)

1/4in.J_

1in. R MIN

\

in mm

0.01 0.3

1/4 6.5

T W 125/ = 4 MICROMETERS 1 255

1-1/2 38.0

<71in. | 1.50=0.01in. ) 2 51.0

>1in. | 1.00 =001 in. 750/ = 24 MICROMETERS 10 2540

Notes:
1. Thin sheet metal being tested tends to tear and break near the shoulder. in such cases, dimension C shali be no greater than 1-1/3
times W.

2. Weld reinforcement and backing strip, if any, shall be removed flush with the surface of the specimen.

3. When the thickness, t, of the test weldment is such that it would not provide a specimen within the capacity limitations of the
available test equipment, the specimen shall be parted through its thickness into as many specimens as required.

4. Thelength of reduced sections shall be equal to the width of the widest portion of weld, plus 1/4 in. (6.5 mm) minimum on each side.

Figure A12 — Transverse Rectangular Tension Test Specimen (Plate)

_l
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T
1in. R MIN 750 -1 AI‘-

! |
] AL A
,,‘ . : I—— A
c |- e | | B | ;
e Bitian ‘f__\Y_’ ‘11
T Ryl
-~ ] J
W L L-‘v, ~—
31n.M|N—| 3in. MIN — l—t—o
2-1/4 in MIN —*|
i 10 in. APPROX.
1\2? = 4 MICROMETERS in. mm
1/16 15
1/8 3.0
3/4 19.0
1 1656
1-1/2 38.0
Di . 2 51.0
imensions o.1/4 570
Specimen 1 Specimen 2 3 76.0
10 254.0
in. mm in. mm
W = width 1+0.005 255115 1.50+0.125 38.0+3.0
B = width of weld 0.50 approx | 12.5 approx | 0.75 approx 19.0 approx
nominal
C = width of grip section 15 38 2.0 57
Notes:

1. The weld reinforcement and backing, if any, shall be removed, flush with the surface of the specimen.

2. The width, B, of the weld may be varied to approximate 1/2 W by selecting an appropriate specimen thickness, T, and its location
within the weld.

3. The width, W, may be varied within reason to accommodate the approximation of B = 1/2 W if it is not possible to meet the

requirements of Note 2.
4. The grip sections of the specimen shall be symmetrical with the center line of the reduced section, within 1/8 in. (3.0 mm).

Figure A13 — Longitudinal and Rectangular Tension Test Specimen (Plate)
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WELD TO BE APPROXIMATELY
CENTER OF REDUCED SECTION

4 s L~

t F
A' FOR ALTERNATE

SPECIMEN, MACHINE
THE MINIMUM AMOUNT

A
NECESSARY TO OBTAIN
2%%?-?53 PARALLEL FACES OVER
THE REDUCED SECTION
ALL DIMENSIONS ARE IN INCHES
in. mm
W = 4 MICROMETERS 750/ = 24 MICROMETERS 0.01 0.3
1/64 0.4
. 1/32 0.8
1/16 1.5
1/8 3.0
3/8 9.5
Specimen 1/2 125
No. W c A 3/4 19.0
1 255
1 1/2 + 1/64 1/16 approx 2-1/4 min 1-1/16 27.0
3/4 £ 1/34 1 approx 2-1/4 min 1-172 38.0
4-1/2 min 2 51.0
3 1+1/16 1-1/2 approx 2-1/4 min 2-1/4 57.0
4-1/2 min 4 101.5
4 1-1/2+1/8 2 approx 2-1/4 min 4-1/2 1145
4-1/2 min 8 203.0
9 min 9 2285

Notes:

- The weld reinforcement and backing, if any, shall be removed flush with the specimen.

. Alternate specimen shall not be used for nominal wall thickness less than 3/8 in. (9.5 mm).

Only grip sections of the specimen may be flattened.

In the case of full wall thickness specimens, cross-sectional area may be calculated by multiplyingWand t (t = T).

T is the thickness of the test specimen as provided for in the applicable specification.

The reduced section shall be parallel within 0.010 in. and may have a gradual taper in width from the ends toward the center with the
ends not more than 0.010 in. wider than the center.

7. The grip section of the specimen shall be symmetrical, with the center line of the reduced section within 1/8 in. (10 mm).

e o

Figure A14 — Tension Specimen for Pipe Size Greater than 2 Inches Nominal
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WELD REINFORCEMENT SHALL BE X
RETAINED UNLESS THE APPLICABLE H 1 IT'R /}\
CODE OR SPECIFICATION CALLS N 1 N
FOR MACHINING FLUSH WITH N || N
BASE METAL o N L_E O MIN
N
Ny | R -
\
\ \
\ N
D MIN
N /—
N _/:
[N
N

[e— D—» N N /—ZDM|N
b,

o
-

nw'\-:
N N
[~ 2D \ 3
— — \ D MIN
! V - JAWS OF :[\: e
D MIN TESTING : \
| . MACHINE N \ D MIN
th \ /_
L] b N | N
| 8 N
H \ 1 I
f N 1|1 R \
PLUG N {1 N
N AN 1| L
N N

D = INSIDE DIAMETER OF PIPE

Figure A-15 — Tension Specimen for Pipe Size 2 Inches Nominal and Less
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OF SPECIMEN,
NOTCH, AND

€
|
: WELD METAL 1

. Figure A16 — Minimum Width of Weld Metal for a Weld-Metal Fracture Toughness Specimen

64 - ot r— 0.315in. +0.001 in.
\6(/ ——0.394 in. £ 0.001 in.
/\ (- 1——
L
“_—2— + 0.039 in.‘l
k 0.394 in.
in.

- . +0 |
|-‘ L=2165in. 1o 00— +0.001 in.

in. mm

+ in.
0.010i 0.001in. R 0.001 0.025
/ 0.010 0.255
0.040 1.00

0.10 25
DETAIL OF 0.315 8.0
NOTCH 45° 4 10 0.394 10.0

2165 | 55.0

Figure A17 — Charpy V-Notch Impact Specimen

Copyright by the American Welding Society Inc
Sat Jul 05 14:39:20 1997




AUS B4.0 92 MR 078u4e2b5 0500820 833 MW

28/ Testing of Groove Welds

-

STRIKER TUP

0.50in.+0.03in. R

7.13in. £ 0.13in.

,/ S 3.57in.iO.13in.J

0.63in. £ 0.04 in. / /// \

/ NOTCH DIMENSIONS
1.60in. £0.10in. AS SPECIFIED
IN REFERENCE

D/ DOCUMENT

90° +£1° TYP
0.50in. £ 0.03in. R
I
ANVIL
l* 6.50in. + 0.03 in. )l' SUPPORT
in mm
0.03 0.75
0.04 1.0
0.10 25
0.13 35
0.50 12.5
0.63 16.0
1.60 40.5
357 90.5
6.50 165.0
7.13 181.0

Figure A18 — Dynamic Tear Test Specimen, Anvil Supports, and Striker
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2HOLES
.25W £ .005W DIA.

§ A 63
ENVELOPE OF = \ —————
STARTER NOTCH + = z @ —
PLUS CRACK \ A J JE e
______ Ry L ___ _
I I-ZTS > FEEE==
HERE 63
A 8| e N 1
A -+ 1 =z H -1 ]
/ A I A
\ é é
P :

W+ 005W ————~f B= + 0.010W

1.25W + .010W

. \GV = 2 MICROINCHES
\2V = 4 MICROINCHES

Notes:
1. Dimensions a, B, and W are to be determined in accordance with ASTM E399.
2. Surfaces marked A shall be perpendicular and parallel as applicable to within 0.002W total indicator reading (TIR).

3. Theintersection of the crack starter tips with the two specimen faces shall be equally distant from the top and bottom edges of the
specimen within 0.005W.

4. Integral or attachabie knife edges for clip gage attachment to the crack mouth may be used.

Figure A19—Plane Strain Fracture Toughness Specimen (Compact Tension Specimen)

—-{
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—1 i-—-msm. MAX
I
5 >

A A
1/2in. — — w
,————— 2-1/2in. —-l
L
T
in mm
1/16 15
0.07 1.8
Specimen Type 0.08 2.0
1/2 12.5
Dimension P-1 P-2 P-3 0.62 15.5
in. Dimensions Dimensions Dimensions 0.75 19.0
T thi 1 15.5
, thickness 1.0 0.75 0.62 2 51.0
L, length 14.0 50 5.0 2.1/2 63.5
W, width 3.5 2.0 2.0 3 76.0
35 89.0
5.0 127.0
14.0 355.5

Figure A20 — Standard Drop Weight Nil-Ductility Temperature Test Specimens (ASTM E208)
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COMPACT
TENSION

DYNAMIC
TEAR

CHARPY
V-NOTCH

Figure A21 — Orientation of Weld Metal Fracture Toughness Specimens
. to a Double-Groove Weld Joint in Thick Section Weldments

TWO-LETTER CODE FOR
SPECIMEN DESIGNATION

*FIRST LETTER DESIGNATES
THE DIRECTION NORMAL
TO CRACK PLANE

“SECOND LETTER DESIGNATES
THE EXPECTED DIRECTION
OF CRACK PLANE

S = SHORT TRANSVERSE DIRECTION T = LONG TRANSVERSE DIRECTION
WELD THICKNESS) (WELD WIDTH)

Figure A22 — Crack Plane Orientation Code for Compact Tension Specimens From Welded Plate
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Part B
Testing of Fillet Welds

B1l. Longitudinal Guided Bend Test
See Part Al, 7.6 Fillet Weld Root Bend Test.

1. Scope

1.1 This section covers the bend testing of fillet welds in
ferrous and nonferrous metals. The standard gives the
requirements for guided-bend test specimen prepara-
tion, test parameters, and testing procedures, but does
not specify the requirements or acceptance criteria.

1.2 The base materials may be homogenous, clad, or
otherwise surfaced, except for hardfacing.

1.3 This standard is applicable to the following, where
specified:

(1) Qualification of materials, welding personnel and
welding procedures

(2) Information, specifications of acceptance, manu-
facturing quality control

(3) Research and development

1.4 When this standard is used, the following informa-
tion shall be furnished:

(1) The type of data required and observations to be
made

(2) Bend radius required or percent (%) elongation

(3) Post weld thermal or mechanical processing
treatments

2. Applicable Documents

Reference should be made to the latest edition of the
following documents:

ANSI B46.1 Surface Texture (Surface Roughness,
Waviness, and Lay)

AWS A24  Standard Symbols for Welding, Braz-
ing, and Nondestructive Examination

AWS A3.0  Standard Welding Terms and Defini-

tions Including Terms for Brazing,
Soldering, Thermal Sprayving and
Thermal Cutting

Copyright by the American Welding Society Inc
Sat Jul 05 14:39:20 1997

33

The sources of these documents are the following;

American National Standards Institute
1430 Broadway
New York, New York 10018

American Welding Society
550 N.W. LeJeune Road
P.O. Box 351040

Miami, Florida 33135

3. Summary of Method

Longitudinal fillet weld specimens are guided in the
bending process with a bend test fixture that employs a
mandrel and wrap-around roller or end supports and
plunger.

4. Significance

The ductility of the welded joint, as evidenced by its
ability to resist failure and the presence of defects on the
tension surface, is determined in the longitudinal fillet
weld guided bend test.

5. Definitions and Symbols

The welding symbols and terms used in this standard
shall be in accordance with the latest edition of ANSI/
AWS A2.4, Symbols for Welding, Brazing, and Non-
destructive Examination, and ANSI/AWS A3.0,
Standard Welding Terms and Definitions.

6. Apparatus

6.1 Longitudinal fillet weld guided bend specimens are
to be tested in a guided bend test fixture designed to
support and load the specimen in a three point bending
mode.

6.2 The fixture shall have the dimensions shown in
Figure B1.

—
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7. Specimens

Longitudinal fillet weld bend test specimens are pre-
pared by making two fillet welds on a tee joint and
machining the specimen as shown in Figure Bl.

8. Procedure

8.1 Unless otherwise specified, the specimens shall be
tested at ambient temperature, and deformation shall
occur in a time period no shorter than one half minute
and no longer than two minutes.
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8.2 The specimen is to be positioned in the bend fixture
as shown in Figure Bl and a force applied sufficient to
affect bending.

9. Report

In addition to the requirements of applicable docu-
ments the report shall include the following:

(1) Base Metal Specification

(2) Filler Metal Specification

(3) Test Temperature

(4) Number of Tests

(5) Number, Type, Size and Location of Discontinui-
ties noted, if any

(6) Bend angle if specimen fractures prior to bending
to 180 degrees
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B2. Soundness Tests
1. Scope

This section covers the fillet weld soundness test
procedures, test parameters, and methods of obtaining
data and the observations usually required, but does not
specify the requirements or acceptance criteria. When
this standard is used as a portion of a standard, or detail
specifications, the following information should be
furnished:

(1) The specific tests and the number of specimens
that are required’

(2) Specific orientation of specimens within the weld
sample

(3) The type of data required and observations to be
made

(4) The limiting numerical values

(5) The interpretation, if any, of the data and
observations

2. Applicable Documents

Reference should be made to the latest edition of the
following documents:

ANSI B46.1 Surface Texture (Surface Roughness,
Waviness, and Lay)

AWS A24  Standard Symbols for Welding, Braz-
ing, and Nondestructive Examination

AWS A3.0  Standard Welding Terms and Defini-

tions Including Terms for Brazing,
Soldering, Thermal Spraying, and
Thermal Cutting

The sources of these documents are the following;

American National Standards Institute (ANSI)
1430 Broadway
New York, New York 10018

American Welding Society (AWS)
550 N.W. Leleune Road

P.O. Box 351040

Miami, Florida 33135

3. Summary of Method

One leg of a T-joint is bent upon the other so as to
place the root of the weld in tension. The load is main-
tained until the legs of the joint come into contact with
each other or discontinuities appear in the weld.

Testing of Fillet Welds/35

4. Significance

The purpose of this test is to determine the soundness
of fillet welded joints. This test is qualitative in nature
with acceptance determined by the extent and nature of
any flaws present.

S. Definitions and Symbols

The welding symbols and terms used in this section
are in accordance with the latest editions of ANSI; AWS
A2.4, Symbols for Welding, Brazing, and Nondestruc-
tive Examination and ANSI/AWS A3.0, Standard
Welding Terms and Definitions.

/ Vv
Ve
N

Size of single fillet weld

Unless otherwise noted, the following designations
are used:

= specified fillet size,
t = (plate thickness) = T (specimen thickness)

6. Apparatus

Apparatus used shall be capable of firmly holding the
specimen and applying the required force.

7. Specimens

7.1 Fillet Weld Break — Procedure Qualification. The
uncoated fillet weld break specimen shall be welded and
prepared for the test shown in Figure B2, The weld shall
meet the visual requirements of the applicable standard.

7.2 Fillet Weld Break — Primer Coated Procedure
Qualification. The fillet weld break specimen shall be
welded over primer coated material and prepared for
test as shown in Figure B3. The weld shall present a
reasonably uniform appearance and shall meet the
visual inspection requirements of the applicable code or
standard.

—
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7.3 Fillet Weld Break — Galvanized Procedure Qualifi-
cation. The fillet weld break specimen shall be welded
over galvanized material and prepared for test as shown
in Figure B4. The weld shall present a reasonably uni-
form appearance and shall meet the visual inspection
requirements of the applicable code or standard.

7.4 Fillet Weld Break — Welder Qualification. The
fillet weld break specimen for welder qualification shall
be welded and prepared as shown in Figure BS. The
weld shall meet the visual requirements of the applicable
code or standard.

7.5 Fillet Break — Tack Welder Qualification. The
uncoated fillet weld break specimen for tack welder
performance qualification shall be welded and prepared
for test as shown in Figure B6. The weld shall present a
reasonably uniform appearance and shall meet the
visual inspection requirements of the applicable code or
standard.

7.6 Fillet Weld Nick Break Test. See Part CI.
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8. Procedure

A force as shown in Figure BT or other forces causing
the root of the weld to be in tension shall be applied to
the specimen.

The load shall be increased until the specimen frac-
tures or bends flat upon itself.

If the specimen fractures, the fracture surfaces shall be
examined visually for evidence of discontinuities such as
cracks, inclusions, or lack of penetration.

9. Report

In addition to requirements of the applicable docu-
ments (see 2), the report shall include the following:

(1) Base metal specification

(2) Filler metal specification

(3) Fillet weld size

(4) Welding procedure (Process and Parameters)

(5) Specimen type

(6) Fracture appearance

(7) Number, type, size, and locations of visible inclu-
sions or discontinuities

(8) Any observation of unusual characteristics of the
specimens or procedure
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B3. Shear Tests
1. Scope

1.1 This section covers fillet weld shear tests of welds in
plate.

1.2 When afillet weld shear test is required, the prepara-
tion of the test specimens and the testing procedure shall
conform to this standard.

1.3 This standard does not specify requirements or
acceptance criteria.

1.4 This standard is applicable to the following when
specified:

(1) Qualification of welding personnel and welding
procedures

(2) Information, basis for inspection, and fabrication
guality control when acceptance criteria have been
established

(3) Research and development

1.5 When this standard is used, the following informa-
tion shall be furnished:

(1) Welding process used

(2) The specified type of test and the number of spec-
imens that are required

(3) Base metal specification/identification and
thickness

(4) Position(s) of welding

(5) Filler metal specification/identification and
diameter

(6) Type and flow rate of any shielding gas used

(7) Postweld thermal treatment, if applicable

(8) Report form including type of data and observa-
tions to be made

(9) Acceptance criteria

2. Applicable Documents

References should be made to the latest edition of the
following documents:

ASTM F4 Standard Practices for Load Verifica-
tion of Testing Machines

ASTM E8 Standard Methods of Tension Testing of
Metallic Materials

AWS A2.4 Symbols for Welding, Brazing, and Non-
destructive Examination

AWS A3.0 Standard Welding Terms and Definitions
The sources of thesc documents are the following;

American Welding Society
550 N.W. LeJeune Road
P.O. Box 351040

Miami, Florida 33135
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American Society for Testing and Materials
1916 Race Street
Philadelphia, PA 19103-2287

3. Summary of Method

The fillet weld shear test places a tensile load on a
specimen prepared so that the load shears the fillet
welds. The weld shearing strength is reported as (1) load
per unit length of weld (for welds that fail), and (2) shear
stress on the throat of the weld.

4. Significance

4.1 Fillet weld shear tests provide information on the
load bearing capacities and joint efficiencies of welded
joints. The data obtained from fillet weld shear tests may
include:

(1) Unit shear load

(2) Shear strength

(3) Location and mode of fracture

4.2 Fillet weld shear tests provide quantitative data
which can be compared and otherwise analyzed and
used in the design and analysis of welded structures.
Fracture surfaces may also provide information on the
presence and effects of discontinuities such as lack of
fusion/ penetration, porosity, inclusions and cracking.

5. Definitions and Symbols

The welding symbols and terms used in this section
are in accordance with the latest edition of ANST/ AWS
A2.4, Symbhols for Welding, Brazing, and Nondestruc-
tive Examination, and ANSI/AWS A3.0, Standard
Welding Terms and Definitions.

6. Apparatus

The test shall be performed on a tensile machine in
conformance with ASTM E8. The machinc shall be
calibrated in accordance with ASTM E4.

7. Specimens

7.1 Longitudinal Shear Strength Specimen. The spec-
imen shall be welded as shown in Figure B8 and
inspected visually. The surface contour and size of the
fillet welds shall be in accordance with the applicable
standard, or other specified acceptance criteria. The
specimen shall be machined as shown in Figure B9
before testing.
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7.2 Transverse Shear Strength Specimen. The speci-
men shall be prepared as shown in Figure B10 and
inspected visually. The surface contour and size of the
fillet welds shall be in accordance with the applicable
standard, or other specified acceptance criteria. Wider
plate widths may be used to obtain multiple specimens.
When multiple specimens are prepared from a single
welded assembly, the results for each individual speci-
men are to be reported.

7.3 Preparation. The data obtained from a fillet weld
shear strength specimen may be affected by certain
preparation and testing variables. For the transverse
specimen, the gap left between the lapped plates during
the specimen preparation magnifies the stresses at the
root of the weld, thus lowering its strength. Nonuniform-
ity of fillet weld contour will affect the test values. The
specimen is also sensitive to any underbead cracking or
undercut.

8. Procedure

8.1 The length of weld and average leg dimension of
each weld shall be measured and reported. The theoreti-
cal throat is calculated from these dimensions.

8.2 The specimen shall be positioned in the testing
machine so that the tensile load is applied parallel to the
longitudinal axis of the specimen.

8.3 The specimen shall be loaded in tension until the
welds are sheared.
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8.4 A test shall be considered invalid if the specimen
fails in the base metal (i.e., tensile overload) and an
additional test specimen shall be prepared and tested.

8.5 Unit shear load in pounds per unit length of weld
(Ib/in) is determined by dividing the maximum load by
the total length of weld under test.

8.6 Shear strength in force per unit area (psi) acting on
the throat of the fillet weld, is determined by dividing the
unit shear load in pounds per linear inch by the average
throat dimensions of the welds that sheared (see Figure
B11).

8.7 Eccentric loading during testing will make the spec-
imen more sensitive to certain defects such as weld
discontinuities at the ends of the fillet welds.

9. Report

In addition to the requirements of the applicable
standard, or other user specified requirements, the
report should indicate the following:

(1) Specimen identification

(2) Welding procedure number or identification

(3) Specimen type (longitudinal or transverse)

(4) Unit shear load

(5) Shear strength

(6) Location of fracture

(7) Actual throat dimensions, if it has been measured

(8) Any observation of unusual characteristics of the
specimen, fracture surfaces or procedure
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12.0 305.0

Notes:
1. Mandrel diameter shown is for a maximum for 3/4 in. (19.0 mm) thick specimen.
2. Otherthicknesses of bottom plate and fillet weld leg size may be utilized, provided the mandrel diameter does not exceed 3 times the

specimen thickness. In these cases, the support clearance should be the mandrel diameter plustwice the specimen thickness plus
174 in. (6.5 mm)

Figure B1 — Longitudinal Guided Fillet Weld Bend Test
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Notes:
1. Positions qualified shall be in accordance with applicable code or standard.

2. Test assembly may be cut into shorter lengths after welding to facilitate testing.
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2nd

/——DISCARD 1st
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Notes:

fracturing for examination.
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t = MAXIMUM THICKNESS TO BE USED S = MAXIMUM SIZE SINGLE PASS
IN PRODUCTION OR 3/8 in. FILLET TO BEUSED IN
WHICHEVER IS LESS PRODUCTION

t —
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3in.
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- \/\ 18 in. MIN ———l t]—|__ 4in.M|N41
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in mm
3/8 9.5
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4 101.5
18 457.0

Figure B2 — Fillet Weld Break Specimen for Procedure Qualification

le——— BEND THIS WAY
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}

1. Base plate should be same grade and specification material as that used in production.

2. Base plate shall be primer coated to maximum thickness which will be applied in production.
3. The first side weld shall be removed by gouging or mechanical means and the second side shall be tested.

4. Although entire 36in. (914.5 mm) length is to be tested, the test assembly may be cut into shorter lengths after welding to facilitate

|
L—4in,MIN—~I L

in mm
3 76.0
4 101.5

36 914.5

Figure B3 — Fillet Weld Break Specimen for Primer Coated Materials
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/
/ i le—— BEND THIS WAY
/ S 3in. MIN TO FRACTURE
1 1 |
/ . | I |
[l
4in. MIN =
N/ 36 in. MIN - ~———sy
n mm
8 | o5
3 76.0
4 | 1015
3% | 9145
Notes:

1. Plate thickness, t, shall be maximum used in production or 3/8 in. (9.5 mm), whichever is less.
2. Weld size, 8, shall be maximum single pass fillet weld to be used in production.

3. Although entire 36 in. (914.5 mm) length is to be tested, the test assembly may be cut into shorter lengths after welding to facilitate
fracturing for examination.

I 4. Galvanized plating shall be the same grade, specification, and maximum thickness as that used in production.

Figure B4 — Fillet Weld Break Specimen for Galvanized Materials

/—DISCARD /_SV_ — ,——1/2 in.

7 T [l 8END THIS way
Z 7 TO FRACTURE
A
A

1in.——‘ [ 6in. —— [—1in. l-—4in.—-l —T—1/2in.

in mm

5/16 8.0
Notes: 1/2 125
1. Stop ard restart near center. 1 255

2. Unless otherwise specified, specimen thickness and dimensions are minimum. 101.5

4
6 152.5
. 8 203.0

Figure BS — Fillet Weld Break Specimen for Welder Qualification
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/ S ;
L i |
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4in. | 4in. {
in. mm
1/8 3.0
ALL DIMENSIONS ARE MINIMUMS 1/2 12.5
1 255
2 51.0
4 101.5

Figure B6 — Fillet Weld Break Specimen for Tack Welder Qualification

BREAKING
LOAD

Figure B7 — Method of Testing Fillet Weld Break Specimen
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Thickness t 3/8 1/2 4 1 312 | 890
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Figure B8 — Longitudinal Fillet Weld Shearing Specimen Before Machining
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11
L
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|
H
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1-1/2iin. NOTE 1
+1/161n ——] [—sf=1-1/2in. £ 11610
I i 'lli 11 J in mm
116 | 15
L]I__J{_ 1172 | 380

NOTE 2

Notes:
1. Slot machined through root of test fillet weld.
2. Depth of machined notch shall extend through thickness of lap plate.

Figure B9 — Longitudinal Fillet Weld Specimen After Machining
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Figure B10 — Transverse Fillet Weld Shear Specimen
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N
P
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i &a\’
THEORETICAL THROAT —/ THEORETICAL THROAT - THEORETICAL THROAT e
CONVEX CONCAVE UNEQUAL LEG
T = —
fxXa
where:
P = load

£ = total length of fillet weld sheared
a = theoretical throat dimension
7 = shear strength of weld

Figure B11 — Shear Strength Calculation
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Part C
Tests Applicable to Groove and Fillet Welds

C1. Nick Break Test
1. Scope

1.1 This section covers nick break testing of welds in
pipe or plate.

1.2 When a nick break test is required, the preparation
of the test specimens and the testing procedures shall
conform to this standard.

1.3 This standard does not specify requirements or
acceptance criteria.

1.4 This standard is applicable to the following when
specified:

(1) Qualification of materials, welding personnel,
and welding procedures

(2) Information, basis for inspection, and fabrication
quality control when acceptance criteria have been
established

(3) Research and development

1.5 When this standard is used, the following informa-
tion shall be furnished:

(1) Welding process used

(2) The specific tests and the number of specimens
that are required

(3) Base metal specification/ identification

(4) Position of welding

(5) Filler metal specification/identification (when
used)

(6) Location and orientation of the specimens

(7) Whether external weld reinforcement is to be
notched

(8) Manner of breaking specimen

(9) Report form including type of data and observa-
tions to be made

(10) Postweld thermal treatment, if applicable

(11) Acceptance criteria

2. Applicable Documents

References should be made to the latest edition of the
following documents:

AWS A2.4  Symbols for Welding, Brazing, and

Nondestructive Examination
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AWS A3.0 Standard Welding Terms and Defi-
nitions
AWS D10.12  Recommended Practices and Pro-

cedures for Welding Low Carbon
Steel Pipe

APISTD 1104 Welding of Pipelines and Related

Facilities

APIRP1107  Recommended Pipe Line Mainte-

nance Welding Practices
The sources of these documents are the following:

American Welding Society
550 N.W. LeJeune Road
P.O. Box 251040

Miami, Florida 33135

American Petroleum Institute
2101 L Street, Northwest
Washington, DC 20037

3. Summary of Method

The specimen is fractured by ane of three methods:

(1) Specimens are broken by supporting the ends and
striking one side in the center with a hammer or by
supporting one end and striking the other with a
hammer.

(2) Specimens are loaded in tension on a testing
machine until fracture occurs.

(3) Specimens are broken by supporting the ends and
applying a load at the center of the opposite side.

4. Significance

4.1 The nick break test is used to evaluate the proper
technique and welding parameters necessary to obtain
sound groove or fillet welded joints in pipe or plate. The
nick break test is also used, on occasion, to verify (by
destructive testing) results obtained by nondestructive
technigues.

—-ﬁ




AUS B4.0 92 WM 0784c2k5 0500838 T73 M

48/ Tests Applicable to Groove and Fillet Welds

4.2 Nick break tests are often the only technique avail-
able to evaluate flash butt welds, pressure welds, or
inertia (friction) welds in pipe or plate.

4.3 No significance should be attached to the magni-
tude of the load required for fracture.

5. Definitions and Symbols

The welding symbols and terms used in this section
are in accordance with the latest edition of ANSI/ AWS
A2.4, Symbols for Welding, Brazing, and Nondestruc-
tive Examination, and ANSI/AWS A3.0, Standard
Welding Terms and Definitions.

6. Apparatus

6.1 Apparatus used shall be capable of firmly support-
ing the specimen on one or both ends when fractured by
use of a hammer. See Figures C1, C2 and C3.

6.2 Tests may also be performed either by loading in
tension or three point bending.

7. Specimens

7.1 Specimens from Butt Welds. Nick break specimens
shall be prepared by cutting the joint and the base metal
to form a rectangular cross section. See Figure C5. The
specimens may be either machine cut or flame cut. Edges
shall be relatively smooth and parallel. They shall be
notched with a hacksaw or bandsaw or thin abrasive
wheel (disc). Notches are located as shown in Figure C4.

7.2 Full-sized Specimens. Small weld assemblies may
be tested in their entirety using the complete assembly as
the specimen. In those cases, the assembly shall be
notched at the weld edges to a depth of approximately
1/8 in.(3.0 mm) and across the reinforcement to a depth
of approximately 1/16 in. (1.5 mm) similar to that
shown in Figure C4. These may be modified to suit
individual assemblies, but the specimen configuration
must be reported.

7.3 Specimens from Flash Butt Welds. Nick break
specimens shall be prepared by cutting the joint and base
metal to form a rectangular cross section. The specimens
shall be as shown in Figure C5, and may either be
machine or flame cut or cut by other suitable means.
The sides of the specimen may be macroetched to
locate the fusion line. The sides of the specimen may be
notched along the fusion line with a saw and or by other
suitable means. Each notch shall be approximately
1/8 in. (3.0 mm) deep. The outside diameter weld rein-
forcement for a solid, round configuration shall be
notched to the base metal surface and up to 10% below.
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For pipe and tube configurations, in addition to match-
ing the outside diameter, the inside diameter weld rein-
forcement may be notched to the base metal surface, and
up to 10% below. For rectangular and square configura-
tions, the top and bottom weld reinforcement shall be
notched to the base metal surface and up to 10% below.
Weld reinforcement need not be removed from either
side of the specimen. See Figure C5.

7.4 Specimens from Fillet Welds. There are different
types of nick break test specimens for testing fillet
welded joints.

7.4.1 Pipe branch connections are tested using
machine-cut or flame-cut specimens from the crotch
areas and 90° from crotch (point) areas as shown in
Figure C6. The specimens should be approximately 2 in.
(51.0 mm) wide and 3 in. (76.0 mm) in length and
notched as shown in Figure C6.

7.4.2 Pipe sleeve type connections (Figure C7) arc
tested using machine-cut or flame-cut specimens equally
spaced around the circumference. The specimens should
be at least 3in. (76.0 mm) wide and 6 in. (152.5 mm)} long
and notched as shown in Figure C7.

7.4.3 Plate fillet welded joints are tested by machine-
cut or flame-cut specimens from a lap joint design
shown in Figure C8. The specimens should be approxi-
mately 3 in. (76.0 mm) wide and 6 in. (152.5 mm) long
and notched as shown in Figure C8.

8. Procedure

The specimens shall be broken by supporting the ends
and striking or applying a load to the opposite side, by
supporting one end and striking the other end with a
hammer, or by pulling in a tensile machine.

When a hammer is used to fracture the specimen, one
side is hit twice and then the specimen is turned 180° and
the other side is hit twice. This procedure is continued
until the specimen is broken.

9. Report

In addition to reporting the test results as required by
the applicable documents, the report shall also include
the following:

(1) Base metal specification

(2) Filler metal specification.

(3) Welding procedure (process and parameters).

(4) Testing procedure.

(5) Fracture appearance.

{6) Number, type, size and location of inclusions or
discontinuities in the fracture surface.

(7) Any observation of unusual characteristics of the
specimen or procedure.
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C2. Hardness Testing of Welds
1. Scope

1.1 This section covers the indentation hardness testing
of welds. Methods include the Brinell, Rockwell, Vickers
and Knoop hardness tests.

1.2 When hardness tests are required, test specimen
preparation and testing procedures shall conform to this
standard.

1.3 This standard does not specify acceptance criteria.

1.4 This standard is applicable to the following, when
specified:

(1) Qualification of materials, and welding proce-
dures through assessment of mechanical and metallur-
gical propertics, as specified

(2) Information, basis for acceptance, and manufac-
turing quality control where criteria for mechanical
properties are requested

(3) Research and development

1.5 When this standard is used the following informa-
tion shall be furnished:

(1) The specific type of test and number of specimens
required

(2) The specific location and orientation of test
specimens

(3) The specific locations within a test specimen to be
tested and number of tests (indentations) required, and
surface preparation

(4) Base metal specification/identification

(5) Filler metal specification/identification.

2. Applicable Documents

Reference should be made to the latest edition of the
following documents:

ASTM E3  Standard Methods of Preparation of
Metallographic Specimens.

ASTM EI0 Standard Test Method for Brinell
Hardness of Metallic Materials.

ASTM EI8  Standard Test Methods for Rockwell
Hardness and Rockwell Superficial
Hardness of Metallic Materials.

ASTM E92 Standard Test Method for Vickers

Hardness of Metallic Materials.

ASTM E110 Standard Test Method for Indenta-
tion Hardness of Metallic Materials
by Portable Hardness Testers.
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ASTM E384 Standard Test Method for Microhard-
ness of Matenals.

Standard Welding Terms and Defini-
tions Including Terms for Brazing,
Soldering, Thermal Spraying and
Thermal Cutting.

AWS A3.0

The sources of these documents are:

American Society for Testing and Materials (ASTM)
1916 Race Street
Philadelphia, Pennsylvania 19103-2287

American Welding Society (AWS)
550 N.W. LeJeune Road

P.O. Box 351040

Miami, Florida 33135

3. Summary of Method

A calibrated machine forces an indentor, of specified
geometry and under a predetermined load, into the
surface of the test specimen and some measure of the
resultant impression is expressed as a specific measure of
hardness.

4. Significance

Hardness tests provide quantitative data which can be
compared and otherwise analyzed and used in the design
of welding procedures and the analysis of weld failures.
The Brinell and Rockwell tests produce relatively large
indentations and consequently are used for evaluating
large weld joint areas. The Vickers and Knoop hardness
tests, which produce relatively small indentations, are
widely used for hardness measurements in cross sections
of small welds or extremely localized weld areas.

When selecting a hardness test method for use on
weld overlays, the thickness of the overlays and the base
metal must be within the ASTM recommendation for
the particular hardness testing technique.

5. Definitions

The welding terms used in this section are in accord-
ance with ANSI/AWS A3.0, Standard Welding Terms
and Definitions.

6. Apparatus

The apparatus for conducting the various hardness
tests shall be in accordance with the applicable ASTM
standard test method:

(1) Brinell, E10

(2) Rockwell, E18

—
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(3) Vickers, E92
(4) Microhardness (Knoop and Vickers), E384
(5) Portable Hardness, E110

7. Specimens

All requirements of the applicable ASTM standard
test methods, except those modified by the following
sections, shall apply.

7.1 Brinell and Rockwell hardness test methods are
only permitted for base metal and weld metal evaluation
unless otherwise specified.

7.2 Vickers and Knoop hardness test methods are the
only test methods permitted for fine scale traverse across
single or multiple weld regions, unless otherwise
specified.

7.3 Weld metal hardness tests are only permitted on
gither weld joint cross sections or on local areas of the
weld reinforcement ground smooth before testing.

7.3.1 Inorder to qualify as a valid weld metal test, the
edge of an impression shall be no closer than three times
the major dimension of an indentation from the edge of
the ground area of the reinforcement on welded
assemblies.

7.3.2 Inorder to qualify as a valid weld metal test, the
edge of an impression shall be within the weld metal and
no closer than 1/8 inch (3 mm) from the weld interface
line.
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7.4 Portable hardness test methods are only permitted
for base metal evaluation, unless otherwise specified.

8. Procedure

Test procedures for measuring hardness in weldments
shall be in accordance with the applicable ASTM
Standard Test Method:

(1) Brirell, E10

(2) Rockwell, E18

(3) Vickers, E92

(4) Microhardness (Knoop and Vickers), E384

(5) Portable Hardness E110

9. Report

In addition to the requirements of the applicable docu-
ments (section 2), the report shall include the following:

(1) Base metal specification

(2) Filler metal specification

(3) Type of welded joint or surfacing weld

(4) Welding procedure (process and parameters)

(5) Type of test equipment

(6) Specimen location and orientation

(7) Location of impressions

(8) Any observation of unusual characteristics of the
specimen or procedure
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in mm
1/2 12.5
4 101.5
6 152.5

BREAKING
LOAD

WIDTH AS NEEDED

--—,  TOHOLD SPECIMEN ~H~

-

FRONT VIEW END VIEW

Figure C1— Nick Break Testing Fixture Made Out of 6 in. Pipe

—
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STRIKE COUPONS ON BOTH SIDES

NA

O

Figure C2 — Nick Break Test Using Vise

STRIKE WITH HAMMER HAMMER FORCE
TO BREAK COUPON s \

<S¢

Figure C3 — Testing of Filled Welded Coupons
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NOTCH CUT BY HACKSAW
1/8 in. APPROX j

3/4 in. MIN

1/8 in. APPROX J

1in.

WELD REINFORCEMENT SHOULD
NOT BE REMOVED ON EITHER
SIDE OF SPECIMEN

§
j torT

1

T

9in. MIN -

1/8 in. APPROX

1/18 15

18 30 1/16in.
3/4 10.0

1 255
9 2285 }\

NOTE: NOTCH NOT DRAWN TO SCALE

OPTIONAL NICK-BREAK TEST SPECIMEN FOR
MECHANIZED OR SEMI-AUTOMATIC WELDING

Figure C4 — Nick Break Test Specimen
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SAW CUT NOTCH
APPROX 1/8 in. ———
1-3/4 2in
in. ’
APPROX. 1/8 in.
9in. MIN
TRANSVERSE NOTCH
SHOULD NOT EXCEED
10% IN DEPTH OF THE
THICKNESS Of THE WELD——l
“+H
- o
WELD REINFORCEMENT NEED ‘/
NOT BE REMOVED ON EITHER in. mm
SIDE OF SPECIMEN
1/16 15
1/8 3.0
3/4 10.0
Bl 255
9 2285

Figure C5 — Specimen for Flash Butt Welds
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CROTCH SPECIMEN; POINT SPECIMEN,;

TAKE ONE SPECIMEN TAKE ONE SPECIMEN
/ FROM EACH SIDE FROM EACH SIDE

/

(A) LOCATION OF SPECIMENS

T SAW CUT 1/16 in. DEEP

SAW CUT
1/16 in. DEEP
n ~4 FLAME
CcuT
1 in.
APPROX.
2in.
M APPROX. T 1

(B) POINT SPECIMEN

>

in, mm
1/16 1.5 (C) CROTCH SPECIMEN
1 25.5
2 51.0

Figure C6 — Coupons for Nick Break Test of Branch Joint Connections
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FLAME CUT NOTCH

S
S

\/\

1/8 in. DEEP SAW CUT

2

3
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3.0
255

Figure C7 — Pipe Sleeve Test Coupon
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<

/\/

FLAME CUT NOTCH

in mm
1/8 3.0
1 255

1/8 in. DEEP SAW CUT

|
Figure C8 — Fillet Welded Plate Joints <
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Part D
Testing of Stud Welds

1. Scope

1.1 Thissection covers mechanical testing of stud welds.

1.2 When testing of stud welds is required, the testing
procedure shall conform to this standard.

1.3 This standard does not specify requirements or
acceptance criteria,

1.4 This standard is applicable to the following, when
specified:

(1) Qualification of materials, welding operators, and
welding procedures

(2) Information, basis of inspection, and fabrication
quality control (when acceptance criteria have been
established)

(3) Research and development

1.5 When this standard is used, the following informa-
tion shall be furnished:
(1) The specific tests and number of specimens that
are required
(2) Base metal specification/identification
(3) Position of welding
(4) Stud analyses or specification (part number), or
both
(5) Weld parameters including current and time, and
type of power supply
(6) Type of testing (i.e., bend or torque)
{a) Bend testing: the maximum angle of bend must
be specified.
(b) Torque testing: the torque 1o be used must be
specified.
(7) Acceptance criteria

2. Applicable Documents

References should be made to the latest edition of the
following documents:

AWS A24  Standard Symbols for Welding, Braz-
ing, and Nondestructive Examination
AWS A3.0  Standard Welding Terms and Defini-

tions Including Terms for Brazing,
Soldering, Thermal Spraying and
Thermal Cutting

Copyright by the American Welding Society Inc
Sat Jul 05 14:39:20 1997

59

AWS C54 Recommended Practices for Stud
Welding
AWS D1.1 Structural Welding Code - Steel

The source of these documents is the following;

American Welding Society
550 N.W. LeJeune Road
P.O. Box 351040

Miami, FL 33135

3. Summary of Method

3.1 The specimen is tested by one of two methods:

(1) The stud is bent by striking with a hammer or
bending it using a length of tube or pipe.

(2) Atensileload is applied to the stud by appropriate
fixturing. This commonly is accomplished by use of a
torque wrench and a stand off sleeve,

4. Significance

4.1 Mechanical testing of arc welded studs is used to
evaluate weld soundness, tensile properties, and ductil-
ity of the stud weld.

4.2 These tests are primarily used as a welding proce-
dure qualification method to evaluate welding parame-
ters and surface preparation.

3. Definitions and Symbols

The welding symbols and terms used in this section
are in accordance with the latest edition of ANSI/ AWS
A2.4, Symbols for Welding, Brazing, and Nondestruc-
tive Examination and ANSI/AWS A3.0, Standard
Welding Terms and Definitions.

6. Apparatus

Apparatus used shall be capable of firmly holding the
test assembly and applying the bend force, or torque as
needed.
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7. Specimens

7.1 Test specimens shall be prepared by welding the
studs being tested (qualified) to specimen plates of the
appropriate base metal as specified in 1.5 (2).

7.2 Test specimens shall be made using the appropriate
automatic timing, voltage, current, and gun settings for
lift and plunge as recorded in 1.5 (5).

8. Procedure

The following are two alternate test procedures as
specified in 1.5 (6).

8.1 Bend Testing. The required number of welded spec-
imens shall be tested by bending the required number of
degrees from their original axis. Bending may be done
by striking the stud with a hammer or by bending it
using a length of tube or pipe as shown in Figure D1.

8.2 Torque Testing. The required number of stud
welded specimens shall be tested by applying a torque
using equipment as shown in Figure D2.

A steel sleeve, or washers, of appropriate size are
placed over the stud. A nut of the same material as the
stud is tightened against the washer bearing on the
sleeve, using a torque wrench. Tightening the nut applies
the tensile load to the weld. Torque is applied until the
specified level is reached, or the weld fails.

9. Report

In addition to the requirements of applicable docu-
ments, the report shall include the following:

(1) Test results and observations

(2) The information listed in 1.5

(3) Drawings showing shapes and dimensions of
studs and arc shields

Figure D1 —Bend Test for Welded Studs to Determine Acceptable Welding Procedures
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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 free of lubricant
other than the residue of cutting oil.

Testing of Stud Welds/61

Figure D2 — Method of Applying a Tensile Load to a Welded Stud Using Torque
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