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[SUBJECT:PICKLING LINE & A.R.P.- Inquiry for Local Supply Equipment

Section 7) Surfaces Protection

All metallic surfaces of equipment shall be protected against

atmospheric and / or service corrosion as specified below.

e PAINTING SYSTEMS

DESCRIPTION RAL NO. TABLE

Outside Surfaces of Steel Framed buildings,
sheds, pipe racks, conveyor, towers, inside
buildings, pults, platforms and ancillary (Green) 6011 1
Structural steel works in general, Stairs and

gangways, supporting structure

Floor plates:

- Floor Side (Grey) 7038 1
- Ceiling side (Green) 6011
Stairs and gangways: supporting structure (Green) 6011 .
Steps and footpaths (Black) 9005
Railing: Handrails and treads (Black) 9005 .
Uprights and Legboards (Yellow) 1021
Gratings (Deck, Stairs, etc.), Bolts, Nuts, washers (Green) 6011 1
Machined Surfaces " Rust Preventive
0il
NOTES:

(1) Items listed below need no paint;
Weight Elements (in take-up assembly), High strength fasteners (10.9 and
above), parts in contact with concrete (e.g. base-plates), Rubber and parts

made of stainless steel, copper and aluminum alloys,tanks rubber lined

surfaces.
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(

IRAN INTERMATIONAL

ENGINEERING COMPANY

ol i el (o O

\.

PROJECT: KASHAN BATCH ANNEALING & PICKLING LINE

INDUSTRIES CO.

(IRITEC (=< _y—21)| cLieNt: FAJRE SEPAHAN GALVANIZING

\

J

[SUBJECT:PICKLING LINE & A.R.P.- Inquiry for Local Supply Equipment

Page 12 of 12 |

Rev: B ]
Table 1
- The painting shall be applied according to following table.
Paint No. | Paintin | Dry Film Interval
Process Name or of g Thickness Min.
Treatment | coa¢ | Metho of each Max.
: S d Coat (hrs.)**
(microns)
At Surface 1
Preparatio SIS SA 2 E
Shop
n
At .
Primer | 5>.component | 1| Ajrless 70 48 | -
Shop Coat Epoxy(P9)
At _
Shop Intermedia Epoxy(P14) 1 Airless 70 16
te Coat
At Final coat | Epoxy(P20) 1 Airless 80 16
Shop

* : For detail specification of painting cycles refer to pages 11~16 of

"packing instruction & painting cycles & welding inspection" attached.

** . Up to paint manufacturer instruction.

“FMOO0TIO3.Q0D- Report Form”
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[PACKING INST. & PAINT CYCLES & WELDING INSP.-PICKLING LINE & ARP-LOCAL SUPPLY

Proj. No.:160410 J

Painting cycles

P.9 Epoxy consisting of two-elements Primer

Painting Product characteristics

-TYPE: Two-components
-COLOUR: Brown-red
- PIGMENT: percentage : 40-+45

Chemical composition: Zinc-chromate,Zinc-

phosphates,synthetic red-iron-

oxide,alluminium and magnesium

silicates.

Pigments and extenders shall not be

water-soluble.Carbonates must be
avoided .

-VEHICLE: percentage: 50+55

Chemical composition:  Epoxy resin solid solution.

-HARDENER: Amino or polyamides to be mixed at
the time of use.

-SPECIFIC WEIGHT: 1,30 + 1,40 (regarding the

-VISCOSITY AT 25° C.: 130" = 150" FORD Cup 4(product

mixed and

ready for use.)

Application Field and characteristics
- SURFACE ON WHICH THE PRIMER IS TO BE APPLIED :
Rust grade A-B-C-D Steel

Surface : Sa 2.1/2 Minimum grade blast cleaning

-PAINTING PRODUCTS WHICH CAN BE RECOATED:
(P.14) Epoxy intermediate coat or any others according
"Compatibility Table"(Parag.6.6.)

to the

“FMOO0TIO3.Q0D- Report Form”
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[PACKING INST. & PAINT CYCLES & WELDING INSP.-PICKLING LINE & ARP-LOCAL SUPPLY

- APPLICATION: Brush, Spray, Airless, Roller
- DRYING TIME: 6 hours to the touch

-MINIMUM INTERVAL FOR 24 Hours

RECOATING:

- DRIED COAT LOOKS: Semi-Gloss
-MINIMUM THICKNESS OF

DRIED FILM: 40+50 microns

- AVERAGE YELD sq.m/kg: 5+ 7

Resistance Characteristics:
-SALT-SPRAY CHAMBER TEST (According to ASTM B-117)

350 Hours exposure
- HUMIDISTATIC CHAMBER TEST (According to ASTM D-2247)

350 Hours exposure.

“FMOO0TIO3.Q0D- Report Form”
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[PACKING INST. & PAINT CYCLES & WELDING INSP.-PICKLING LINE & ARP-LOCAL SUPPLY

P.14 Epoxy Intermediate Coat

Painting Products characteristics

- TYPE: Two-components
- COLOUR: Grey, Yellow, Green (Upon request)
-PIGMENT: percentage: 45 + 50

Chemical composition:  Grey:
Titanium dioxide, Black Ferric oxide,
Alluminium and Magnesium silicates.
Yellow:
Lead-Chromate, Yellow Ferric oxide,
Alluminium and Magnesium silicates.
Green:
Green Chromium oxide, Titanium
dioxide, Alluminium and Magnesium
silicates.
Pigments and extenders shall not be
water-soluble. Carbonates must be
avoided.

- VEHICLE: percentage: 55 +50

Chemical composition: Epoxy resin solid solution.

Among solvents, chlorinated and

benzene must be avoided.

-HARDENER: Amino and polyamides or any others to
be mixed at the time of use.

- SPECIFIC WEIGHT: 1,20 + 1,40 (regarding the

- VISCOSITY at 25 °C.: 50" + 70" FORD Cup 4 (product mixed

and ready for use.)

Application Field and charactristics

-SURFACE ON WHICH THE PRODUCT IS TO BE APPLIED :

(P.9.) Epoxy consisting of two-elements primer or any others according
to the "Compatibility Table" (Parag. 6.6.)

“FMOO0TIO3.Q0D- Report Form”
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[PACKING INST. & PAINT CYCLES & WELDING INSP.-PICKLING LINE & ARP-LOCAL SUPPLY

- PAINTING PRODUCTS WHICH CAN BE RECOATED:
(P.20) Epoxy Finish Coat or any others according to the "Compatibility
Table" (Parag.6.6.)

- APPLICATION: Brush, Spray, Airless, Roller.
- DRYING TIME: 4 + 6 hours to the touch

- MINIMUM INTERVAL FOR

RECOATING: 24 hours

-DRIED COAT LOOKS: Semi-Gloss

-MINIMUM THICKNESS OF

DRIED FI M: 40 = 45 microns

AVERAGE YELD sq.m/kg: 5-6

Resistance Characteristics :

-SALT-SPRAY CHAMBER TEST (According to ASTM B-117)
350 Hours exposure

-HUMIDISTATIC CHAMBER TEST (According to ASTM D-2247)

350 Hours exposure

“FMOO0TIO3.Q0D- Report Form”
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[PACKING INST. & PAINT CYCLES & WELDING INSP.-PICKLING LINE & ARP-LOCAL SUPPLY

Proj. No.:160410 J

P.20 Epoxy Finish Coat

Painting Product characteristics

- TYPE: Two components
- COLOUR: (Upon request)
-PIGMENT: percentage: Black Colour: 12 = 15

Other Colours: 25 + 35
Chemical composition:  According to the colour .

Pigments and extenders shall have strong

corrosion-proof characteristics.

Furthermore they shall not undergo any

colour's degradation and/or alteration.

Pigments and extenders shall not be

water-soluble. Carbonates must be

avoided.
- VEHICLE: percentage: Black Colour: 88 + 85
Other Colours: 75 + 65
Chemical composition: Epoxy resin solid solution.

Among solvents, chlorinated and benzene
must be avoided .

-HARDENER: Amino and polyamides or any others to
be mixed at the time of use.

- SPECIFIC WEIGHT: 1,10 = 1,40 (regarding the

- VISCOSITY at 25 °C.: 50" + 70" FORD Cup 4 (product mixed

and ready for use.)

Application Field and characteristics

-SURFACE ON WHICH THE PRODUCT IS TO BE APPLIED :
(P.14) Epoxy Intermediate Coat or any others according
"Compatibility Table" (Parag. 6.6.)

- APPLICATION: Brush, Spray, Airless, Roller.

- DRYING TIME: 2 hours to the touch

-DRIED COAT LOOKS: Gloss

to the
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[PACKING INST. & PAINT CYCLES & WELDING INSP.-PICKLING LINE & ARP-LOCAL SUPPLY

Page 16 of 18 ]

Proj. No.:160410 J

-MINIMUM THICKNESS OF 30 + 40 microns

DRIED FILM:

AVERAGE YELD sq.m/kg: Black Colour: 7+8
Other Colours: 6+7

Resistance Characteristics :

-SALT-SPRAY CHAMBER TEST (According to ASTM B-117)

350 Hours exposure.

-HUMIDISTATIC CHAMBER TEST (According to ASTM D-2247)

350 Hours exposure.

For the performance of both tests, the steel samples shall be given two

coats of the painting product.
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Abstract

Requirements are presented for the design and fabrication of constructional steel weldments that are used in industrial
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are provided for weld metal and base metal for various cyclically loaded joint designs.

American Welding Society
mwg 550 N.W. LeJeune Road, Miami, Florida 33126

Copyright American Welding Society
Provided by IHS under license with AWS
No reproduction or networking permitted without license from IHS Not for Resale



Statement on Use of AWS American National Standards
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Foreword

(This Foreword is not a part of AWS D14.1/D14.1M:2005, Specification for Welding of Industrial and Mill Cranes
and Other Material Handling Equipment, but is included for informational purposes only.)

This specification was prepared for the overhead crane and material handling industries to continue the advancement
of welding and to increase product reliability. This 4th edition provides revisions to ANSI/AWS D14.1-97, Specification
for Welding of Industrial and Mill Cranes and Other Material Handling Equipment, under the direction of the AWS
Machinery and Equipment Committee.

The participating committee, representing manufacturers, users, and government, joined in the preparation of this
document. It will provide all concerned, including the general public, with high quality, reliable products and an
economical approach to production, consistent with the industry’s capabilities.

This specification will be reviewed periodically to assure its success in serving all parties concerned with its provi-
sions. Revisions will be issued when warranted.

Comments and suggestions for the improvement of this standard are welcome. They should be sent to the Secretary,
AWS D14 Committee on Machinery and Equipment, American Welding Society, 550 N.W. LeJeune Road, Miami, FL
33126.

Official interpretations of any of the technical requirements of this standard may only be obtained by sending a
request, in writing, to the Managing Director, Technical Services Division, American Welding Society. A formal reply
will be issued after it has been reviewed by the appropriate personnel following established procedures (see Annex C).
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Specification for Welding of Industrial and Mill Cranes
and Other Material Handling Equipment

1. Scope and General Provisions

1.1 Scope. This specification applies to the welding of all
principal structural weldments and all primary welds
used in the manufacture of cranes for industrial, mill,
power house, and nuclear facilities. Furthermore, the
specification applies to other overhead material handling
machinery and equipment that support and transport
loads within the design rating, vertically or horizontally,
during normal operations, and, when agreed upon
between the Owner and Manufacturer, to loading caused
by abnormal operations or environmental events, such as
seismic loading.

Secondary welds that will be subjected to tensile
stresses of less than 5000 psi [34.5 MPa] need only meet
the requirements of Section 7, Workmanship, and Sec-
tion 10, Weld Quality and Inspection. The engineering
drawings shall specify the joint detail, type, and size of
weld. This specification is not intended for application to
construction- or crawler-type cranes. For the welding of
rails, refer to AWS D15.2, Recommended Practice for
the Welding of Rails and Related Rail Components for
Use by Rail Vehicles.

All provisions of this specification are equally appli-
cable to the strengthening and repairing of existing
overhead cranes and material handling equipment as
described above.

This specification makes use of both U.S. Customary
Units and the International System of Units (SI). The
measurements may not be exact equivalents; therefore
each system shall be used independently of the other
without combining in any way. The specification with
the designation D14.1 uses U.S. Customary Units. The
specification D14.1M uses SI Units. The latter are shown
in appropriate columns in tables and figures or within
brackets []. Detailed dimensions on figures are in
inches. A separate tabular form that relates the U.S.
Customary Units with SI Units may be used in tables and
figures.

Safety and health issues and concerns are beyond the
scope of this standard, and therefore are not fully
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addressed herein. Safety and health information is avail-
able from other sources, including, but not limited to,
ANSI Z49.1, Safety in Welding, Cutting, and Allied Pro-
cesses and applicable federal and state regulations. Some
other sources of safety and health information can be
found in Annex D.

1.2 General Provisions. The Manufacturer’s' adherence
to this specification shall include responsibility for the
following:

(1) Welding, as defined in the Scope, in accordance
with this specification;

(2) Producing the welds designated on the drawings
by appropriate welding symbols and notes containing
sufficient detail to show joint preparations compatible
with the designated welding processes;

(3) Providing written welding procedures;

(4) Recording results of all procedure and welder
qualification tests;

(5) Controlling the use of designated base metals and
consumables; and

(6) Inspecting the welds to the requirements of this
specification.

1.2.1 Acceptance. Acceptance shall be as agreed
upon between the Manufacturer and the Owner (pur-
chaser). The fundamental premise of this specification is
to provide general stipulations applicable to most situa-
tions. Acceptance criteria for production welds different
from those stated in this specification may be used for a
particular application, provided they are suitably docu-
mented by the proposer and approved by the Engineer.
These alternate acceptance criteria can be based upon
evaluation of suitability for service using past experi-
ence, experimental evidence or engineering analysis
considering material type, service-load effects, and envi-
ronmental factors.

1. Manufacturer refers to the organization responsible for the
performance of the work covered by this specification (see def-
inition in Section 3).
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1.2.2 Welding Symbols. Welding symbols used on
shop drawings shall be those shown in AWS A2.4, Stan-
dard Symbols for Welding, Brazing, and Nondestructive
Examination. Special requirements shall be fully
explained by added notes or details.

1.2.3 Mechanical Testing of Welds. Methods used in
the mechanical testing of welds shall be those described
in AWS B4.0 or B4.0M, Standard Methods for Mechani-
cal Testing of Welds. When there is a conflict between
this specification and AWS B4.0 or B4.0M, the pro-
visions of this specification shall govern.

1.2.4 Filler Metal Specifications. All welding con-
sumables shall meet the requirements of the applicable
AWS filler metal specifications, except for specific
requirements of this specification.

2. Normative References

The following standards contain provisions which,
through reference in this text, constitute provisions of
this AWS standard. For undated references, the latest
edition of the referenced standard shall apply. For dated
references, subsequent amendments to, or revisions of,
any of these publications do not apply.

2.1 American Welding Society (AWS) Standards®
(1) AWS A2.4, Standard Symbols for Welding,
Brazing, and Nondestructive Examination
(2) AWS A3.0, Standard Welding Terms and Definitions
(3) AWS A5.01, Filler Metal Procurement Guidelines
(4) AWS AS5.1, Specification for Carbon Steel Elec-
trodes for Shielded Metal Arc Welding
~ (5 AWS AS5.5, Specification for Low-Alloy Steel
Electrodes for Shielded Metal Arc Welding
" (6) AWS AS5.17, Specification for Carbon Steel Elec-
trodes and Fluxes for Submerged Arc Welding
(7) AWS A5.18, Specification for Carbon Steel Elec-
trodes and Rods for Gas Shielded Arc Welding
(8) AWS A5.20, Specification for Carbon Steel Elec-
trodes for Flux Cored Arc Welding
(9) AWS A5.23, Specification for Low Alloy Steel
Electrodes and Fluxes for Submerged Arc Welding
(10) AWS A5.25, Specification for Carbon and
Low Alloy Steel Electrodes and Fluxes for Electroslag
Welding
(11) AWS AS5.26, Specification for Carbon and Low
Alloy Steel Electrodes for Electrogas Welding
(12) AWS A5.28, Specification for Low-Alloy Steel
Filler Metals for Gas Shielded Arc Welding

2. AWS standards are published by the American Welding
Society, 550 N.W. LeJeune Road, Miami, FL 33126.
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(13) AWS AS5.29, Specification for Low Alloy Steel
Electrodes for Flux Cored Arc Welding

(14) AWS AS5.32, Specification for Welding Shielding
Gases

(15) AWS B2.1, Specification for Welding Procedure
and Performance Qualification

(16) AWS B4.0, Standard Methods for Mechanical
Testing of Welds (U.S. Customary Units only)

(17) AWS B4.0M, Standard Methods for Mechanical
Testing of Welds (SI Units only)

(18) AWS C4.1, Oxygen Cutting Surface Roughness
Gauge

(19) AWS QCl1, Standard for AWS Certification of
Welding Inspectors

2.2 American Society of Mechanical Engineers
(ASME) Standards?

(1) ASME B 46.1, Surface Texture (Surface Rough-
ness, Waviness, and Lay)

2.3 American Society for Testing and Materials
(ASTM) Standards*

(1) ASTM E 23, Test Methods for Notched Bar
Impact Testing of Metallic Materials

(2) ASTM E 94, Standard Guide for Radiographic
Examination

(3) ASTM E 164, Practice for Ultrasonic Contact
Examination of Weldments

(4) ASTM E 165, Test Method for Liquid Penetrant
Examination

(5) ASTM E 317, Practice for Evaluating Performance
Characteristics of Ultrasonic Pulse-Echo Testing Systems
without the Use of Electronic Measurement Instruments

(6) ASTM A 435, Specification for Straight-Beam
Ultrasonic Examination of Steel Plates

(7) ASTM E 709, Guide for Magnetic Particle
Examination

(8) ASTM E 1316, Standard Terminology for Non-
destructive Examinations

2.4 American Society for Nondestructive Testing
(ASNT) Standards®

(1) SNT-TC-1A, Recommended Practice No. SNT-
TC-1A

3. ASME standards are published by the American Society of
Mechanical Engineers, 3 Park Avenue, New York, NY 10017.

4. ASTM standards are published by the American Society for
Testing and Materials, 100 Barr Harbor Drive, West Consho-
hocken, PA 19428-2959.

5. ASNT standards are published by the American Society for
Nondestructive Testing, Inc., P.O. Box 28518, 1711 Arlingate
Lane, Columbus, OH 43228-0518.
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3. Definitions

The terms that follow are defined for the purposes of
this specification. Other terms used in this specification
are defined in AWS A3.0, Standard Welding Terms and
Definitions.

Engineer. The responsible technical authority.

. Manufacturer. The organization responsible for the per-
© formance of the work covered by this specification.

Owner. The person, company, or agency that purchases
the equipment.

principal structural weldments. Those weldments that
carry the main working loads during normal operations.

primary welds. Welds, the failure of which would result
in (1) a carried load being dropped in excess of 4 in.
[100 mm] or (2) an increase of stress beyond the
allowable stress limits, as defined in Section 35,
Allowable Stresses, in other welds or base metal. Any
welds subject to only compressive stresses are not
considered primary.

secondary welds. Welds not covered by the requirements
of primary welds; secondary welds shall be noted as
such on the drawings. Secondary welds only need to
meet the requirements of Section 7, Workmanship,
and Section 10, Weld Quality and Inspection.

tensile strength of the weld metal. The minimum tensile
strength specified for the filler metal classification as
published in the applicable filler metal specification.

4. Base Metals

4.1 Specifications. All ferrous and nonferrous metals,
structural steel, steel castings, forgings, and any other
metals used in the fabrication by welding of all compo-
nents for overhead material handling machinery and
equipment shall be identified by a specification. Com-
mon industry-wide specifications from organizations
such as the American Society for Testing and Materials
(ASTM), the American Iron and Steel Institute (AISI),
the American Petroleum Institute (API), and the Society
of Automotive Engineers (SAE), or written proprietary
specifications developed by an individual equipment
manufacturer, may be used.

4.2 Proprietary Base Metals. The weldability of and the
procedure for welding (1) base metals covered by a
specific equipment manufacturer’s proprietary specifica-
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tion, (2) steels not listed in Table 1, or (3) base metals not
covered by accepted national specifications, shall be
established by qualification, except as provided for in
4.4.

4.3 Tensile and Yield Strengths of a Base Metal. The
minimum specified tensile and yield strengths for base
metals are listed in Table 1. When Table 1 or the base
metal specification does not establish the minimum ten-
sile and yield strengths for acceptance, the Manufacturer
shall establish the minimum tensile and yield strengths
for design purposes. The documentation may be in the
form of references to published data or compilations of
test data. In the establishment of minimum tensile and
yield strengths for design purposes, due regard shall be
made for size effects, thermal or mechanical treatments,
and the effect of the welding process on the base material
in the heat-affected zone (HAZ).

4.4 Weldability. Steel base metals listed in Table 1
(including combinations thereof) shall be considered
weldable without separate qualification, except base
metals with a minimum yield strength of 90 ksi
[620 MPa] or higher (see 9.1.1). The steels listed in
Table 1 are classified into groups according to the degree
of difficulty encountered during welding related to
chemical composition, rolling condition, or heat treat-
ment. Steels in the higher classifications require greater
precautions during welding, such as preheat, limited heat
input, or other precautions to ensure sound weldments.
When welding combinations of these steels, precautions
related to the steel with the higher classification number
should be observed.

4.5 Quenched and Tempered Steels. Quenched and
tempered steels may be used where design and other fac-
tors permit or require them. Their use shall be compati-
ble with their mechanical properties and the design
requirements as documented by the equipment manufac-
turer. Documentation may be in either of two forms:

(1) An acceptable service history proving reliability,
or

(2) Welding procedure development and qualifica-
tion data establishing the expected service life of the
steel according to accepted engineering criteria for the
application.

4.6 Nonferrous Metals. Nonferrous metals that meet the
requirements of an accepted specification, as described
in 4.1, may be used in the fabrication of components by
welding. Proper documentation in the form of qualified
welding procedures and other experimental data shall be
provided by the Manufacturer using such metals.
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Table 1

Weldability Classification of Steels

Minimum or Range of

Minimum Yield

Material Tensile Strength Strength
Class®) Steel Specification and Grade ksi [MPa] ksi [MPa]
I AISI/SAE See Notes (2), (3), & (4)| See Notes (2) & (4)
1005 Sheet, Plate Hot Rolled 42 [290] 23.5 [162]
1006 Bar or Casting Hot Rolled 43 [295] 24 [165]
1008 (Usually specified by composition Hot Rolled 44 [305] 24.5 [170]
1010 only—without mechanical properties) Hot Rolled 47 [325] 26 [180]
1012 Hot Rolled 48 [330] 26.5 [183]
1013 Hot Rolled 49 [338] 27 [186]
1015 Hot Rolled 50 [345] 27.5 [190]
1016 Hot Rolled 55 [380] 30 [205]
1017 Hot Rolled 53 [365] 29 [200]
1018 Hot Rolled 58 [400] 32 [220]
1020 Hot Rolled 55 [380] 30 [205]
1021 Hot Rolled 61 [420] 33 [230]
1025 Hot Rolled 58 [400] 32 [220]
11 ASTM See Note (5) See Note (5)
A27 Grade N-1 Castings Chemistry Only Not Specified—See 4.3 | Not Specified—See 4.3
Grade 60-30 60 [415] 30 [205]
Grade 65-35 65 [450] 35 [240]
A36 Shapes, Plate, Bar 58-80 [400-550] 36 [250]
AS53 Grade B Pipe 60 [415] 35 [240]
A106 Grade B Pipe 60 [415] 35 [240]
Al31 Grade A, B, D, CS, DS 58-75 [400-520] 34 [235]
Ship Building Shapes, Plate, Bars
A139 Grade A Pipe 48 [330] 30 [205]
Grade B 60 [415] 35 [240]
Grade C 60 [415] 42 [290]
Grade D 60 [415] 46 [315]
Grade E 66 [455] 52 [360]
A283 Grade C, <2 in. [50 mm] Plate 55-75 [380-515] 30 [205]
Grade D, <1 in. [25 mm)] 60-80 [415-550] 33 [230]
A381 Grade Y35 Pipe 60 [415] 35 [240]
A500 Grade A Tubing 45 [310] 33 [288]
Grade B 58 [400] 42 [290]
A501 Tubing 58 [400] 36 [250]
Grade 55, < 8 in. [200 mm] Plate
2915 Grade no longer l[isted in A]51 5-2003 o5 1 [BRE S| U
A516 Grade 55, < 8 in. [200 mm] Plate 55-75 [380-515] 30 [205]
Grade 60, < 8 in. [200 mm] Plate 60-80 [415-550] 32 [220]
AS524 Grade I, £0.375 in. [10 mm] Pipe 60-85 [414-586] 35 [240]
Grade II, > 0.375 in. [10 mm] Pipe 55-80 [380-550] 30 [205]
AS570—
Withdrawn | Grade 36 Sheet, < 0.229 in. [6 mm] 53 [365] 36 [250]
in 2000
AS573 Grade 58 Plate, < 1.5 in. [40 mm)] 58-71 [400-490] 32 [220]
Grade 65 Plate, < 1.5 in. [40 mm)] 65-77 [450-530] 35 [240]
A662 Grade A Plate, < 1.5 in. [40 mm] 58-78 [400-540] 40 [275]
Grade B Plate, < 1.5 in. [40 mm] 65-85 [450-585] 40 [275]
A709 Grade 36 Shapes, Plate, Bar 58-80 [400-550] 36 [250]
API©®
5L Grade B Pipe 60 [410] 35 [240]
(continued)
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Table 1 (Continued)

Weldability Classification of Steels

Minimum or Range of Minimum Yield
Material Tensile Strength Strength
Class™® Steel Specification and Grade ksi [MPa] ksi [MPa]
I AISI/SAE See Notes (2) & (7) See Notes (2) & (4)
1030 Sheet, Plate, Bar, or Casting 68 [470] 37.5 [260]
(Usually specified by composition only—
without mechanical properties)
ASTM See Note (5) See Note (5)
A27 Grade N-2 Castings Heat Treated Not Specified—See 4.3 | Not Specified—See 4.3
Grade 70-36 70 [485] 36 [250]
Grade 70-40 70 [485] 40 [275]
A106 Grade C Pipe 70 [485] 40 [275]
Al31 Grade AH32, DH32, EH32 64-85 [440-590] 46 [315]
AH36, DH36, EH36 71-90 [490-620] 51 [355]
Ship Building Shapes, Plate, Bars
A283 Grade C, > 2 in. [50 mm] to < 4 in. 55-75 [380-515] 30 [205]
[100 mm] Plate
Grade D, > 2 in. [50 mm] to <4 in. 60-80 [415-550] 33 [230]
[100 mm] Plate
A500 Grade C Round Tubing 62 [427] 46 [317]
Grade C Shaped Tubing 62 [427] 50 [345]
AS15 Grade 60, <2 in. [SO mm] Plate 60-80 [415-550] 32 [220]
Grade 65, <2 in. [SO mm] Plate 65-85 [450-585] 35 [240]
AS516 Grade 60, <2 in. [SO mm] Plate 60-80 [415-550] 32 [220]
Grade 65, <2 in. [SO mm] Plate 65-85 [450-585] 35 [240]
AS537 Class 1, < 2.5 in. [65 mm] Plate 70-90 [485-620] 50 [345]
AS572 Shapes, Plate, Sheet, & Bar
HSLA Cb-V Steels
Grade 42, <2 in. [50 mm] 60 [415] 42 [290]
Grade 50, <0.5 in. [13 mm)] 65 [450] 50 [345]
Grade 50, > 0.5 [13 mm] to < 2 in. [50 mm]
Type 1 or 2 Killed Steel 65 [450] 50 [345]
AS588 Grades A, B, C, & K Shapes, Plate, & Bar
<4 in. [100 mm] 70 [480] 50 [340]
A606 Type 2 & 4 Sheet < 0.180 in. [5 mm]
Weathering Steel—As Rolled Cut Lengths 70 [480] 50 [340]
All Other Coils & Cut Lengths 65 [450] 45 [310]
A607— | Type 1 Class 2 Sheet <0.180 in. [5 mm]
Withdrawn | HSLA Non-Weathering Grade 45 60 [410] 45 [310]
in 2000 Grade 50 65 [450] 50 [340]
A618 HSLA Structural Tubing
Wall < 3/4 in. [19 mm)] Grade II 70 [485] 50 [345]
Wall >3/4 in. [19 mm] to < 1.5 in. [38 mm] Grade I1 67 [460] 46 [315]
Grade I1I 65 [450] 50 [345]
A633 HSLA Normalized Structural
Plate, < 4 in. [100 mm] Grade A 63-83 [430-570] 42 [290]
Plate, < 2.5 in. [65 mm] Grades C & D 70-90 [485-620] 50 [345]
Plate, >2.5 in. [65 mm] to < 4in. [100 mm] | Grades C & D 65-85 [450-590] 46 [315]
A662 Gradg B .PV Plate Moderate & Low Temp. 65-85 [450-585] 40 [275]
Applications
(continued)
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Table 1 (Continued)
Weldability Classification of Steels

Minimum or Range of Minimum Yield
Material Tensile Strength Strength
Class™® Steel Specification and Grade ksi [MPa] ksi [MPa]
I A709 Structural Shapes, Plate, Bars—Bridges
(Cont’d) Non-Weathering Grade 50 65 [450] 50 [345]
Weathering Grade 50W 70 [485] 50 [345]
API©®
S5LX Grade 42 High-Strength Pipe 60 [410] 42 [290]
v ASTM See Note (5) See Note (5)
A283 Grade C, > 4 in. [100 mm] to £ 12 in.
2300 ] Plate [ ] 55-75 [380-515] 30 [205]
Grade D, > 4 in. [100 mm] to < 8 in.
D00 o Plate [ I 60-80 [415-550] 33 [230]
A515 Grade 60, > 2 in. [50 mm] Plate 60-80 [415-550] 32 [220]
Grade 65, > 2 in. [50 mm] Plate 65-85 [450-585] 35 [240]
A516 Grade 60, > 2 in. [50 mm] Plate 60-80 [415-550] 32 [220]
Grade 65, > 2 in. [50 mm] Plate 65-85 [450-585] 35 [240]
A537® | Class 2, < 2.5 in. [65 mm] Plate 80-100 [550-690] 60 [415]
AS572 Shapes, Plate, Sheet & Bar
Grade 60, < 1.25 in. [32 mm] 75 [520] 60 [415]
Grade 65, < 1.25 in. [32 mm] 80 [550] 65 [450]
éV?thl;wn HSLA Non-Weathering Grade 60 75 [520] 60 [410]
in 2000 Grade 65 80 [550] 65 [450]
A633® | HSLA Normalized Structural Plate
<4 in. [100 mm] Grade E 80-100 [550-690] 60 [415]
> 4 in. [100 mm] to < 6 in. [150 mm] Grade E 80-100 [550-690] 55 [380]
v® ASTM See Note (5) See Note (5)
A514 HSLA Q&T Plate, < 2.5 in. [65 mm] 110-130 [760-895] 100 [690]
> 2.5 in. [65 mm] to < 6 in. [150 mm)] 100-130 [690-895] 90 [620]
A517 HSLA Q&T PV Plate, < 2.5 in. [65 mm] 115-135 [795-930] 100 [690]
> 2.5 in. [65 mm] to < 6 in. [150 mm] 105-135 [725-930] 90 [620]
A709 HSLA Q&T Plate, < 2.5 in. [65 mm] 110-130 [760-895] 100 [690]
Grades 100 & 100 W, > 2.5 in. [65 mm
o 1100 oo (65 mm] 100-130 [690-895] 90 [620]

Notes:
(1) Material Class I steels are the most weldable, and Material Class V steel the most difficult to weld of the steels listed.
(2) All tensile and yield strength values for AISI/SAE steels are estimated minimum values.
. (3) Hardness is not to exceed 160 Brinell for the AISI/SAE steels listed under Weldability Class I. These same AISI/SAE steels should be placed in a
. higher Weldability Class when hardness exceeds 160 Brinell (ultimate strength greater than 80 ksi [550 MPa]).
“(4) See 4.3 for tensile-yield property determination for AISI/SAE steels.
.(5) All tensile and yield strength values listed for ASTM steels are specified by the ASTM Standard.
(6) API = American Petroleum Institute.
{(7) Hardness is not to exceed 180 Brinell for the AISI/SAE steel listed under Weldability Class III. This same AISI/SAE steel should be placed in a
high Weldability Class when hardness exceeds 180 Brinell (ultimate strength greater than 90 ksi [620 MPa]).
(8) Qualification is required due to the upper limit of the tensile strength range or the entire range exceeding 90 ksi [620 MPa].
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-~ 5. Allowable Stresses

- 5.1 General. The allowable stresses for base metal and
- weld metal and the type of fatigue analysis to be used
shall conform to the requirements of the design specifi-
cations from organizations such as the American Insti-
tute of Steel Construction (AISC), the American Society
of Mechanical Engineers (ASME), the Crane Manufac-
turers Association of America (CMAA), or the Monorail
Manufacturers Association (MMA). In the absence of
other requirements, the allowable stresses in the base
metal and the weld metal shall conform to the following
requirements.

5.1.1 Base Metal. Unless otherwise specified by the
design specifications in 5.1, the allowable tensile or com-
pressive stress in the base metal shall be 50% of the yield
strength, and the allowable shear stress in the base metal
shall be 40% of the yield strength for members not con-
trolled by buckling.

5.1.2 Weld Metal. Allowable stresses in the weld
metal shall conform to Table 2.

5.2 Fatigue. The maximum stress in welded joints sub-
ject to repeated stress fluctuations or reversals shall not
exceed:

(1) The allowable tensile or compressive stress in
5.1;or

(2) The allowable fatigue stress as defined in the
design specifications indicated in 5.1.

In the absence of other requirements, fatigue loading
shall be addressed as follows:

5.2.1 Members subject to repeated loading shall be
designed so that the maximum stress does not exceed
that allowed by 5.1 and the stress range does not exceed
the value given in Table 3 for the applicable stress cate-
gory and nominal number of loading cycles. Stress cate-
gories for weld joint configurations are described in
Table 4 and illustrated in Figure 1.

5.2.2 The stress range is the maximum stress minus
the minimum stress. The minimum stress is considered
negative if it is opposite in direction to the maximum
stress. The nominal number of loading cycles shall be the
number defined in the design specification for the duty
cycle class or determined by the Engineer for the duty
cycle and life specified in the purchase contract.

6. Weld Joint Design

6.1 General Requirements. Complete information
regarding location, type, size, and extent of all welds and
welded joints shall be shown on the drawings. Any spe-
cial inspection requirements shall be noted on the draw-
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ings or other appropriate documents. In general, design
details should minimize restraint, avoid undue concen-
tration of welding, and afford ample access for deposit-
ing the weld metal.

6.2 Groove Welds

6.2.1 The effective area of a weld shall be the effec-
tive weld length multiplied by the effective throat.

6.2.2 The effective length of any groove weld is the
length throughout which the correctly proportioned weld
Cross section exists.

6.2.3 The effective throat is the minimum distance
from the root of a weld to its face, less any reinforce-
ment. For a complete joint penetration weld, this shall be
the nominal thickness of the thinner part joined.

6.2.4 The effective throat of a partial penetration weld
is joint penetration below the surface of the member (see
Table 5 for the minimum effective throat required).

Shop or working drawings shall specify the groove
depths (S) applicable for the weld size (E) required for
the welding process and position of welding to be used.

6.2.5 Groove welds made from one side only, except
in secondary members, are prohibited unless they are
completely fused to a backing strip, or qualified in accor-
dance with the requirements of this specification (see
6.9).

6.2.6 A complete joint penetration groove weld is one
that has been welded from both sides, or from one side,
in which the weld metal completely fills the groove and
is fused to the base metal throughout its total thickness
(see 6.9).

6.3 Intermittent Groove Welds. Intermittent groove
welds are prohibited, except in secondary members.

6.4 Fillet Welds (See Figures 2 and 3)

6.4.1 The minimum fillet weld size shall be as shown
in Table 6, except where fillet welds are used to reinforce
groove welds (see Figure 3).

6.4.2 The maximum fillet weld size permitted along
the edges of members shall be:

(1) The thickness of the base metal when the metal is
less than 1/4 in. [6 mm] thick; or

(2) The thickness of the base metal less 1/16 in.
[2 mm] when the metal is 1/4 in. [6 mm] or more in
thickness, unless the weld is designated on the drawing
to be built out to obtain full throat thickness.

6.4.3 The effective weld area shall be the effective
weld length multiplied by the effective throat. The shear
stress in a fillet weld shall be considered as applied to
this effective area regardless of the direction of applied
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Table 2
Allowable Stress in Weld Metal
Required Weld
Type of Weld Stress in Weld® Allowable Stress Strength Level®
Complete joint Tension normal to the effective area | Same as base metal Matching weld metal shall

penetration groove
welds (Joint Class
L 1L, III, or IV)

be used.

Compression normal to the effective
area

Same as base metal

Weld metal with a strength
level equal to or one classifi-
cation (10 ksi [69 MPa]) less
than matching weld metal
may be used.

Tension or compression parallel to the
axis of the weld

Same as base metal

Shear on the effective area

0.27 times nominal tensile strength of
weld metal, except shear stress on
base metal shall not exceed 0.55 times
yield strength of base metal.

Weld metal with a strength
level equal to or less than
matching weld metal may
be used.

Partial joint Compression normal to | Joint not 0.45 times nominal tensile strength of | Weld metal with a strength
penetration groove | effective area designed | weld metal, except shear stress on level equal to or less than
welds (Joint Class to bear base metal shall not exceed 0.55 times | matching weld metal may
IVorV) yield strength of base metal. be used.
Joint Same as base metal
designed
to bear
Tension or compression parallel to the | Same as base metal
axis of the weld®
Shear parallel to axis of metal 0.27 times nominal tensile strength of
weld metal, except shear stress on
base metal shall not exceed 0.55 times
yield strength of base metal.
Tension normal to effective area 0.27 times nominal tensile strength of
weld metal, except tensile stress on
base metal shall not exceed 0.36 times
yield strength of base metal.
Fillet welds Shear on effective area 0.27 times nominal tensile strength of | Weld metal with a strength
(Joint Class IV, V, weld metal, except shear stress on level equal to or less than
or VI) base metal shall not exceed 0.36 times | matching weld metal may
yield strength of base metal. be used.
Tension or compression parallel to Same as base metal
axis of weld®
Plug and slot welds | Shear parallel to faying surfaces 0.27 times nominal tensile strength of | Weld metal with a strength
(Joint Class V or VI) | (on effective area) weld metal, except shear stress on level equal to or less than
base metal shall not exceed 0.36 times | matching weld metal may
yield strength of base metal. be used.
Notes:

(1) For definitions of effective area, see 6.2, 6.4, and 6.7.

(2) For matching weld metal, see Table 9.

(3) Fillet welds and partial joint penetration groove welds joining the component elements of built-up members, such as flange-to-web connections,
may be designed without regard to the tensile or compressive stress in these elements parallel to the axis of the welds.
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Table 3
Allowable Stress Range("

Allowable Stress Range, ksi [MPa] per Nominal Number of Loading Cycles

Stress Category

(From Table 4) 20 000 to 100 000® 100 000 to 500 000 500 000 to 2 000 000 Over 2 000 000

A 63 [435] 37 [255] 24 [165] 24 [165]

B 49 [340] 29 [200] 18 [125] 16 [110]

B' 39 [270] 23 [160] 15 [100] 12 [80]

C 35 [240] 21 [145] 13 [90] 10 [70]®
D 28 [190] 16 [110] 10 [70] 7[50]

E 22 [150] 13 [90] 8 [55] 5[34]

E 16 [110] 9 [60] 6 [40] 3 [20]

F 15 [100] 12 [80] 9 [60] 8 [55]

Notes:
(1) Stress range is defined as the algebraic difference between the maximum stress and the minimum stress. Tension stress is considered to have the

opposite algebraic sign from the compression stress.

(2) For less than 20 000 loading cycles, use the allowable stress for static loading in accordance with 5.1.1.
(3) Flexural stress range of 12 ksi [80 MPa] permitted at toe of stiffener welds or flanges.

load. The effective length of a fillet weld shall be the
overall length of the full size fillet, including boxing (end
returns).

6.4.4 Fillet welds terminated at ends or sides of parts
or members shall, wherever practicable, be returned con-
tinuously around the corners for a distance at least twice
the nominal size of the weld where such return can be
made in the same plane. Fillet welds deposited on the
opposite sides of a common plane of contact between
two parts shall be interrupted at a corner common to both
welds.

Unless otherwise specified in the contract documents,
fillet welds connecting attachments shall start or termi-
nate a distance approximately equal to the weld size from
the end of the joint. For girder stiffeners, the welds join-
ing the stiffeners to the web shall start or terminate a
distance approximately equal to two times the weld size
from the end of the joint.

6.4.5 Fillet welds in holes or slots may be used to
transmit shear in lap joints to prevent the buckling or
separation of lapped parts, or to join components of built
up members. Fillet welds in holes or slots are not to be
considered plug or slot welds.

6.4.6 Fillet welds shall not be used in skewed T-joints
that have an included angle of less than 60° or more than
135°. The edge of the abutting member shall be beveled,
when necessary, to limit the root opening to 1/8 in.
[3 mm] maximum.

6.5 Intermittent Fillet Welds

6.5.1 The length of any segment of intermittent fillet
welds shall not be less than four times the weld size, with
a minimum of 2 in. [SO mm]. Welds shall be made on
both sides of the joint for at least 25% of its length.
Maximum spacing permitted between welds shall be
12 in. [300 mm].

6.5.2 Intermittent fillet welds may be used to carry
calculated loads except as prohibited in 6.5.4.

6.5.3 Intermittent fillet welds shall be no less than
2 in. [50 mm] in length at each end of the joint. (Note
restriction in 6.4.4.)

6.5.4 Intermittent fillet welds on primary tension
members are prohibited.

6.6 Staggered Intermittent Fillet Welds (See Figure 4)

6.6.1 When staggered intermittent fillet welds are
used, the clear spacing shall be considered the distance
between two consecutive welds on the same side of the
plate.

6.6.2 When the total aggregate length of the staggered
intermittent fillet weld is 90% or more of the joint length,
any odd number of weld segments may be used provided:

(1) Welds are placed at each end of the joint on one
side, and

(2) Clear spacing does not exceed 6 in. [150 mm].

6.6.3 Intermittent staggered fillet welds on primary
tension members are prohibited.

Copyright American Welding Society
Provided by IHS under license with AWS
No reproduction or networking permitted without license from IHS

Not for Resale



AWS D14.1/D14.1M:2005

Table 4
Stress Categories to Determine Allowable Stress Range

Stress
General Kind of Category
Condition Situation Stress (see Table 3)

Illustrative
Example
Numbers

(See Figure 1)®

Plain Material Base metal with rolled or cleaned surface. Flame-cut T or Rev. A
edges with ANSI smoothness of 1000 or less.

1,2

Built-up Members | Base metal and weld metal in members without T or Rev. B
attachments, built-up plates, or shapes connected by
continuous fillet welds parallel to the direction of
applied stress.

3,4,5,6

Base metal and weld metal in members without T or Rev. B'
attachments, built-up plates, or shapes connected by
complete joint penetration groove welds with backing
bars not removed, or by partial joint penetration groove
welds parallel to the direction of applied stress.

3,4,5,6

Base metal at toe of welds on girder webs or flanges T or Rev. C
adjacent to welded transverse stiffeners.

Base metal at ends of partial length welded cover plates
narrower than the flange having square or tapered ends,
with or without welds across the ends or wider than
flange with welds across the ends.

Flange thickness <0.8 in. [20 mm] T or Rev. E
Flange thickness >0.8 in. [20 mm] T or Rev. E'

W

Base metal at end of partial length welded cover plates E'
wider than the flange without welds across the ends.

Groove Welds Base metal and weld metal at complete joint penetration T or Rev. B
groove welded splices of parts of similar cross section
ground flush, with grinding in the direction of applied
stress and with weld soundness established by radio-
graphic or ultrasonic inspection in accordance with the
requirements of Section 10.

10, 11

Base metal and weld metal at complete joint penetration
groove welded splices at transitions in width or
thickness, with welds ground to provide slopes no
steeper than 1 to 2-1/2 with grinding in the direction of
applied stress, and with weld soundness established by
radiographic or ultrasonic inspection in accordance with
the requirements of Section 10.

A514 base metal T or Rev. B'
Other base metals T or Rev. B

12,13
12,13

Base metal and weld metal at complete joint penetration T or Rev. C
groove welded splices, with or without transitions
having slopes no greater than 1 to 2-1/2 when
reinforcement is not removed but weld soundness is
established by radiographic or ultrasonic inspection in
accordance with the requirements of Section 10.

10, 11, 12, 13

Partial Joint Weld metal of partial joint penetration transverse groove T or Rev. F®
Penetration welds, based on effective throat area of the weld or
Groove Welds welds

16

(continued)

10
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Table 4 (Continued)

Stress Categories to Determine Allowable Stress Range

Illustrative
Stress Example
General Kind of Category Numbers
Condition Situation Stress() (see Table 3) | (See Figure 1)@
Fillet-Welded Base metal at intermittent fillet welds T or Rev. E
Connections
Base metal at junction of axially loaded members with
fillet-welded end connections. Welds shall be disposed
about the axis of the member so as to balance weld
stresses.
b <1 in. [25 mm)] T or Rev. E 17,18
b>1in. [25 mm] T or Rev. E' 17,18
Base metal at members connected with transverse fillet
welds.
b <1 in. [25 mm] T or Rev. c® 20,21
b>1in. [25 mm]
Fillet Welds Weld metal of continuous or intermittent longitudinal or S F® 15, 17, 18, 20, 21
transverse fillet welds.
Plug or Slot Base metal at plug or slot welds. T or Rev. 27
Weld
el Shear on plug or slot welds. S F 27
Mechanically Base metal at cross section of high-strength bolted slip- T or Rev. B 8
Fastened critical connections, except axially loaded joints which
Connections induce out-of-plane bending in connected material.
Base metal at net section of other mechanically fastened T or Rev. D 8,9
joints.
Base metal at net section of fully tensioned high- T or Rev. B 8,9
strength, bolted bearing connections.
Attachments Base metal at details attached by complete joint
penetration groove welds subject to longitudinal and/or
transverse loading when the detail embodies a transition
radius R with the weld termination ground smooth and
for transverse loading, the weld soundness established
by radiographic or ultrasonic inspection in accordance
with Section 10.
Longitudinal Loading
R > 24 in. [600 mm] T or Rev. B 14
24 in. [600 mm] >R > 6 in. [150 mm] T or Rev. C 14
6in. [150 mm] = R > 2 in. [50 mm)] T or Rev. D 14
R <2 in. [50 mm)] T or Rev. E 14
Detail base metal for transverse loading: equal thickness
and reinforcement removed.
R > 24 in. [600 mm] T or Rev. B 14
24 in. [600 mm] =R > 6 in. [150 mm)] T or Rev. C 14
6in. [150 mm] >R > 2 in. [50 mm)] T or Rev. D 14
R <2 in. [50 mm] T or Rev. E 14,15
Detail base metal for transverse loading: equal thickness
and reinforcement not removed.
R > 24 in. [600 mm] T or Rev. C 14
24 in. [600 mm] 2R > 6 in. [150 mm)] T or Rev. C 14
6 in. [150 mm] = R > 2 in. [50 mm)] T or Rev. D 14
R <2 in. [50 mm] T or Rev. E 14,15
(continued)
11
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Table 4 (Continued)
Stress Categories to Determine Allowable Stress Range
Illustrative
Stress Example
General Kind of Category Numbers
Condition Situation Stress() (see Table 3) | (See Figure 1)@
Attachments Detail base metal for transverse loading: unequal
(Cont’d) thickness and reinforcement removed.
R > 2 in. [S0 mm)] T or Rev. D 14
R <2 in. [50 mm] T or Rev. E 14,15
Detail base metal for transverse loading: unequal
thickness and reinforcement not removed.
AllR T or Rev. E 14,15
Detail base metal for transverse loading.
R > 24 in. [600 mm] T or Rev. C 19
6in. [150 mm] >R > 2 in. [50 mm)] T or Rev. D 19
R <2 in. [50 mm)] T or Rev. E 19
Base metal at detail attached by complete joint
penetration groove welds subject to longitudinal loading.
2in. [SOmm] <a<12b or 4 in. [100 mm] T or Rev. D 15
a>12bor 4 in. [100 mm] when b < 1 in. [25 mm)] T or Rev. E 15
a>12bor 4 in. [100 mm] when b > 1 in. [25 mm] T or Rev. E' 15
Base metal at detail attached by fillet welds or partial
joint penetration groove welds subject to longitudinal
loading.
a<2in. [50 mm] T or Rev. C 15, 23, 24, 25, 26
2in. [SOmm] <a<12b or 4 in. [100 mm] T or Rev. D 15, 23,24, 26
a> 12bor 4 in. [100 mm] when b < 1 in. [25 mm] T or Rev. E 15,23, 24, 26
a>12bor 4 in. [100 mm] when b > 1 in. [25 mm] T or Rev. E' 15,23, 24, 26
Base metal attached by fillet welds or partial joint
penetration groove welds subjected to longitudinal
loading when the weld termination embodies a transition
radius with the weld termination ground smooth.
R > 2 in. [50 mm)] T or Rev. D 19
R <2 in. [50 mm] T or Rev. E 19
Fillet-welded attachments where the weld termination
embodies a transition radius, weld termination ground
smooth, and main material subject to longitudinal
loading.
R >2in. [50 mm] T or Rev. D 19
R <2 in. [50 mm] T or Rev. E 19
Base metal at stud-type shear connector attached by fillet T or Rev. C 22
weld or automatic end weld.
Shear stress on nominal area of stud-type shear S F —
connectors.

Notes:

(1) “T” signifies range in tensile stress only; “Rev.” signifies a range involving reversal of tensile or compressive stress; “S” signifies range in shear,
including shear stress reversal.

(2) These examples are provided as guidelines and are not intended to exclude other reasonably similar situations.

(3) Allowable fatigue stress range for transverse partial joint penetration groove welds and transverse fillet welds is a function of the effective throat,
depth of penetration, and plate thickness. See Frank and Fisher, Journal of the Structural Division, Vol. 105, N. ST9, Sept. 1979.

12

Copyright American Welding Society
Provided by IHS under license with AWS
No reproduction or networking permitted without license from IHS Not for Resale



AWS D14.1/D14.1M:2005

C 5 T~z
% A

Figure 1—Illustrative Examples for Table 4
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Figure 1 (Continued)—Illustrative Examples for Table 4
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Table 5

Minimum Effective Throat for Partial Joint Penetration Groove Welds

Metal Thickness of Thicker Part Jointed Minimum Effective Throat

in. mm in. mm
<1/4 <6 1/8 3
>1/4t0< 172 >6t0<13 3/16 5
>1/2to < 3/4 >13t0<20 1/4 6
>3/4t0<1-172 >20to <40 5/16 8
>1-12t0<2-1/4 > 40 to €55 3/8 10
>2-1/4t0<6 >55t0< 150 1/2 13
>6 > 150 5/8 16

General Note: The effective throat does not need to exceed the thickness of the thinner part joined.

l ' WELD SIZE | |

| N\
|

WELD SIZE

N\

AN 1 2 ~_

ROOT OF WELDJ i\( ROOT OF WELD \<

EFFECTIVE THROAT EFFECTIVE THROAT

(A) STANDARD FILLET WELD (B) DEEP PENETRATION
FILLET WELD

L o

ROOT OF WELD

REINFORCEMENT

EFFECTIVE THROAT

(C) ACTUAL THROAT OF A BEVEL GROOVE
WELD REINFORCED WITH A FILLET WELD

Figure 2—Fillet and Combined Weld Dimension
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*SIZE OF FILLET WELD AND LEG LENGTH MAY NOT BE EQUAL.

(A) STANDARD FILLET WELD (B) DEEP PENETRATION FILLET WELD

Source: Figures 3(A) and 3(B) from AWS D14.5-97, Figures 2(A) and 2(B).

! . ) §

(C) EFFECTIVE THROATS FOR PARTIAL JOINT PENETRATION GROOVE WELDS WITH REINFORCING FILLET WELDS

Source: Figure 3(C) from AWS A3.0:2001, Figure 25(1).

Figure 3—Size and Effective Throat Measurements for Fillet and
Partial Penetration Groove Welds with Reinforcing Fillet Welds
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Table 6
Minimum Fillet Weld Size
Weld Size)
Deep Penetration Process®
for Single Pass Welds®
Metal Thickness of Thicker Part Joined Shielded Metal Arc Welding Flat or Horizontal Positions
in. mm in. mm in. mm

<1/4 <6 1/8 3 1/8 3
>1/4t0< 172 >6t0<13 3/16 5 1/8 3
>1/2to<3/4 >13t0<20 1/4 6 3/16 5
>3/4 >20 5/16 8 1/4 6

Notes:

(1) Weld size need not exceed thickness of thinner member. Minimum weld size for cyclically loaded structures is 3/16 in. [5 mm)].
(2) The intent of this table is not to establish the arc welding processes that provide deep penetration, but rather, to establish the typical allowable
decrease of fillet weld size, provided the Manufacturer can demonstrate that the required effective throat can be obtained by the qualified welding

procedure in accordance with Section 9.
(3) Also applies to the root pass of a multiple pass weld.

6 in. [150 mm] MAXIMUM

|t—

N

Figure 4—Staggered Intermittent Fillet Weld

6.7 Plug and Slot Welds

6.7.1 Plug or slot welds may be used to transmit shear
loading in a lap joint to prevent buckling or separation of
lapped parts, or to join component parts of built up mem-
bers, except with quenched and tempered steels.

6.7.2 The effective area shall be the nominal area of
the hole or slot in the plane of the faying surface.

6.7.3 The minimum diameter of the hole for a plug
weld shall be no less than the thickness of the part con-
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taining it plus 5/16 in. [8§ mm], preferably rounded to the
next greater odd 1/16 in. [2 mm]. The maximum diame-
ter shall equal the minimum diameter plus 1/8 in. [3 mm]
or 2 1/4 times the thickness of the member, whichever is
greater. The minimum center-to-center spacing of plug
welds shall be four times the diameter of the hole.

6.7.4 The length of the slot for a slot weld shall not
exceed 10 times the thickness of the weld. The width of
the slot shall not be less than the thickness of the part
containing it plus 5/16 in. [8§ mm], preferably rounded to
the next greater odd 1/16 in. [2 mm]. The maximum
width shall equal the minimum width plus 1/8 in. [3 mm]
or 2 1/4 times the thickness of the member, whichever is
greater. The ends of the slot shall be semicircular or shall
have the corners rounded to a radius not less than the
thickness of the part containing it, except those ends
which extend to the edge of the part.

6.7.5 The depth of filling of plug or slot welds in
metal 5/8 in. [16 mm] thick or less shall be equal to the
thickness of the metal. In metal over 5/8 in. [16 mm]
thick, it shall be at least one-half the thickness of the
metal but no less than 5/8 in. [16 mm].

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

6.7.7 The minimum spacing of lines of slot welds in a
direction transverse to their length shall be four times the
width of the slot. The minimum center-to-center spacing
in a longitudinal direction on any line shall be two times
the length of the slot.
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6.7.8 Plug and slot welds on primary tension members
are prohibited.

6.8 Suggested Classification of Welded Joints

6.8.1 The classifications of welded joints for use in
the design and manufacture of overhead material han-
dling machinery and equipment are listed in 6.9 and
illustrated in Figure 5.

6.8.2 These classifications can be used for qualifica-
tion and examination of welded joints used in fabrication
of equipment covered by this specification.

6.8.3 It is not the intent of these classifications to
restrict the use of other proven methods and procedures
that have achieved acceptable results, when agreed to in
writing by the Manufacturer and Owner.

JOINT CLASS

CONFIGURATION OF WELDED JOINTS

J:l 7
[

N

g
i

[l

09T

Figure 5—Classification of Welded Joints

Copyright American Welding Society
Provided by IHS under license with AWS
No reproduction or networking permitted without license from IHS

18

Not for Resale



AWS D14.1/D14.1M:2005

| N 3
v 3 ; ) +T
= SN | [B=
(AR s 2 a—
— d |=—
T’(dﬁk_’? U ¢
| - (:J T
|
T3 :
| -[l
(S L 2
[ (] 3 !
£ T T
T =
A A

General Note: Avoid loading the joint in the arrow direction.
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Figure 5 (Continued)—Classification of Welded Joints
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6.9 Weld Joint Classes

6.9.1 Joint Class I. Joints in this class are double-
welded butt joints with complete joint penetration. The
root of the first weld is chipped, gouged, or ground to
sound metal before making the second weld, and the
weld faces are ground or machined flush with the direc-
tion of metal removal parallel to the principle stress.
Welded joints that are made using backing tape, fusible
flux backing material, or a nonfusible backing bar, and
are back welded to obtain a completely fused root, shall
be qualified in accordance with Section 9, Qualification.
Finished joints shall be nondestructively examined
according to Section 10, Weld Quality and Inspection,
and the results recorded.

6.9.2 Joint Class II. Joints in this class are double-
welded butt, T-, and corner joints with complete joint
penetration. The root of the first weld is chipped,
gouged, or ground to sound metal before making the sec-
ond weld. Welded joints that are made using backing
tape, fusible flux backing material, or a nonfusible back-
ing bar, and are back welded to obtain a completely
fused root, shall be qualified in accordance with Section
9, Qualification. Finished joints shall be nondestructively
examined according to Section 10, Weld Quality and
Inspection, and the results recorded.

6.9.3 Joint Class IIL. Joints in this class are complete
joint penetration butt, T-, and corner joints welded from
both sides, or from one side using a backing strip that is
not removed after welding.

6.9.4 Joint Class IV. Joints in this class are complete
joint penetration butt, T-, and corner joints welded from
one side without the use of backing; partial joint penetra-
tion butt, T-, and corner joints welded on both sides; and
fillet welded lap, T-, and corner joints welded on both
sides.

6.9.5 Joint Class V. Joints in this class are partial
joint penetration butt, T-, and corner joints welded on
one side; and fillet, plug, or slot welded lap, T-, and
corner joints welded on one side only.

6.9.6 Joint Class VI. Joints in this class are joints
which do not require special weld groove preparation,
such as butt, T-, corner, lap, or edge joints; plug welds;
welds of secondary importance in strength; and structural
welded joints of secondary importance not subject to
dynamic loading.

6.10 Joint Qualification

6.10.1 Joints meeting the following requirements are
designated as prequalified:

(1) Conformance with the details of 6.2 through 6.7,
and Figures I.1 or .2 in Annex I; and
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(2) Welded with one of the following processes in ac-
cordance with the requirements of Section 8, Processes
and Filler Metals, as applicable: shielded metal arc, sub-
merged arc, flux cored arc, and gas metal arc with other
than short-circuiting transfer.

6.10.2 Other joint configurations may be used
with proper qualification in accordance with Section 9,
Qualification.

6.11 Transition of Thicknesses or Widths at Butt
Joints

6.11.1 Butt joints between parts of unequal thick-
nesses and also subject to tensile stress shall have a
smooth transition between the offset surfaces at a maxi-
mum slope of 1 in 2-1/2 with the adjacent surface of
either part. The transition may be accomplished by slop-
ing the weld face(s), by chamfering the thicker part, or
by a combination of the two methods (see Figure 6).

6.11.2 Transition of thickness in butt joints between
parts of unequal thickness, that are subject only to shear
or compressive stress, shall be accomplished as specified
in 6.11.1 when the offset between surfaces at either side
of the joint is greater than the thickness of the thinner
part connected. When the offset does not exceed the
thickness of the thinner part connected, the face of the
weld shall be sloped (1) no more than 1 in 2-1/2 from the
surface of the thinner part or (2) to the surface of the
thicker part if this requires a lesser slope. The exception
is that truss member joints and beam and girder flange
joints shall be made with a smooth transition of the type
specified in 6.11.1.

6.11.3 Butt joints between parts of unequal width
that are subject to tensile stress shall have either (1) a
smooth slope between offset edges of no more than 1 in
2-1/2 with the edge of either part or (2) a 2.0 ft
[600 mm] minimum radius tangent to the narrower part
at the center of the butt joint, as shown in Figure 7. A
radius transition is required for steels having yield
strength greater than or equal to 90 ksi [620 MPa].

6.12 Material for Joint Extensions, Backing, and
Spacers

6.12.1 Material for joint extensions and backing used
in welding shall conform to the following requirements:

(1) When used for welding any prequalified steel
listed in 4.4, they may be of any of the steels in the same
list.

(2) When used for welding with a steel qualified in
accordance with this specification, they shall be of the
steel qualified.

(3) Use 100 ksi [690 MPa] minimum yield strength
steel when and only when welding 100 ksi [690 MPa]
minimum yield strength steels.
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General Notes:
1. Groove may be of any permitted or qualified type and detail.
2. Transition slopes shown are the maximum permitted.

Figure 6—Transition of Butt Joints in Parts Having Unequal Thickness
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Figure 7—Transition of Width at Butt Joints of Parts Having Unequal Width (see 6.11.3)

6.12.2 Spacers shall be of the same material as the
base metal.

6.13 Dimensional Tolerances. Dimensions of groove
welds specified on design or detailed drawings may vary
from the dimensions shown in Figures 1.1 and 1.2 only
within the following limits:

6.13.1 The specified thickness of base metal or weld
effective throat is the maximum nominal thickness that
may be used.

6.13.2 The stated groove angle is the minimum; it
may be detailed to exceed the dimensions shown by no
more than 10°.

6.13.3 The stated radius of J and U grooves is the
minimum. U grooves may be prepared before or after fit

up.

6.13.4 Double groove welds may have grooves of
unequal depth, but the depth of the shallower groove
shall be no less than 1/4 of the thickness of the thinner
part joined, unless otherwise designated in Figures I.1
and 1.2.

6.13.5 The root face of the joint shall be as shown
in Figures 1.1 and 1.2 with the following variations
permitted:

22

Copyright American Welding Society
Provided by IHS under license with AWS

(1) For shielded metal arc, gas metal arc, and flux
cored arc welding, it may not be detailed less than the
specified dimension.

(2) For complete joint penetration submerged arc weld-
ing, the specified root face of the joint is the maximum.

6.13.6 The stated root opening of the joints is the min-
imum. It may be detailed to exceed the specified dimen-
sions by no more than 1/16 in. [2 mm)], except that the
root opening of joints for submerged arc welding shall be
detailed as zero (no variation) when so specified.

6.14 Lap Joints

6.14.1 The minimum overlap of parts in stress carry-
ing lap joints shall be five times the thickness of the
thinner part. Unless lateral deflection of the parts is pre-
vented, they shall be connected by at least two transverse
lines of fillet, plug, or slot welds or by two or more longi-
tudinal fillet or slot welds.

6.14.2 If longitudinal fillet welds are used alone in lap
joints of end connections, the length of each fillet weld
shall be no less than the perpendicular distance between
the welds. The transverse spacing of the welds shall not
exceed 16 times the thickness of the connected thinner
part unless suitable provision is made (as by intermediate
plug or slot welds) to prevent buckling or separation of
the parts. The longitudinal fillet weld may be either at the
edges of the member or in slots.
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6.14.3 When fillet welds in holes or slots are used, the
clear distance from the edge of the hole or slot to the
adjacent edge of the part containing it, measured perpen-
dicular to the direction of stress, shall be no less than five
times the thickness of the part nor less than two times the
width of the hole or slot. The strength of the part shall be
determined from the critical net section of the base
metal.

6.15 Corner and T-Joints. Corner and T-joints that are
to be subjected to bending about an axis parallel to the
joint shall have their welds arranged to avoid concentra-
tion of tensile stress at the root of any weld.

6.16 Welds in Combination with Rivets and Bolts.
Rivets or bolts used in bearing-type connections shall not
be considered as sharing the load in combination with
welds. Welds, if used, shall be provided to carry the
entire load in the connection. High-strength bolts prop-
erly installed as a slip-critical-type connection prior to
welding may be considered as sharing the load with the
welds. Bolts or rivets used in assembly may be left in
place if their removal is not specified. If bolts are to be
removed, the plans should indicate whether holes should
be filled and in what manner.

6.17 Eccentricity of Connections

6.17.1 Eccentricity between intersecting parts and
members shall be avoided insofar as practicable.

6.17.2 In designing welded joints, adequate provision
shall be made for bending stresses due to eccentricity, if
any, in the disposition and section of base-metal parts
and in the location and types of welded joints.

6.17.3 For members having symmetrical cross sec-
tions, the connection welds shall be arranged symmetri-
cally about the axis of the member, or proper allowance
shall be made for unsymmetrical distribution of stresses.

6.17.4 For axially stressed angle members, the center
of gravity of the connecting welds shall lie between the
line of the center of gravity of the angle’s cross section
and the centerline of the connected leg. If the center of
gravity of the connecting weld lies outside of this zone,
the total stresses, including those due to the eccentricity
from the center of gravity of the angle, shall not exceed
those permitted by this specification.

7. Workmanship
7.1 General

7.1.1 All requirements of this section shall be
observed in the production and inspection of welded
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assemblies produced by any of the processes acceptable
under this specification.

7.1.2 All welding and thermal-cutting equipment shall
be so designed and manufactured, and shall be in such
condition, as to enable designated personnel to follow
the procedures and attain the results described elsewhere
in this specification.

7.1.3 Welding shall not be done when the ambient
temperature is lower than 0°F [-18°C], when surfaces
are wet or exposed to rain, snow, or high wind velocities,
or when welding personnel are exposed to inclement
conditions. The maximum permissible wind velocity will
vary with the welding process and procedure. Heating,
local protection from the elements, or both, shall be used
as necessary.

7.1.4 The size and length of welds shall not be less
than those specified by design requirements and detail
drawings, except as permitted by 10.6(6), nor shall they
exceed those requirements by more than 25% without
prior approval of the design change by the responsible
Engineer. Also, the location of welds shall not be
changed without prior approval of the Design Engineer.

7.2 Preparation of the Base Metal

7.2.1 Surfaces and edges to be welded shall be
smooth, uniform, and free from fins, tears, cracks, and
other visual defects that would adversely affect the qual-
ity of the weld. Surfaces to be welded and surfaces adja-
cent to a weld shall be free from loose or thick mill scale,
slag, rust, paint, moisture, and other foreign material, or
contaminants that will prevent proper welding or pro-
duce hazardous fumes. Thin mill scale (that can with-
stand vigorous wire brushing), thin rust-inhibitive
coating, or antispatter compound (that will not cause
problems with welding) need not be removed.

7.2.2 When oxyfuel gas cutting is employed, the cut-
ting torch shall be adjusted and manipulated to avoid cut-
ting beyond (inside) the prescribed lines. The roughness
of cut surfaces shall not be greater than Sample No. 2 of
AWS C4.1, Surface Roughness Gauge, for material
thicknesses up to 2 in. [SO mm], and Sample No. 1 for
material 2 in. [SO mm)] to 8 in. [200 mm)] thick. Surfaces
exceeding the above roughness values and occasional
notches or gouges not exceeding 3/16 in. [5 mm] deep
shall be corrected by machining or grinding. Notches or
other sharp discontinuities exceeding 3/16 in. [5 mm]
may be repaired by welding only with the approval of the
Design Engineer. Approved weld repairs shall be made
only by following a documented repair welding proce-
dure that shall contain the following:

(1) Discontinuity removal and joint preparation.

(2) Welding process and filler metal to be used.
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(3) Preheat and welding variables and also any
postheat requirements necessary to comply with this
specification.

(4) Procedures for grinding the completed weld
smooth and flush to within the surface roughness accep-
tance criteria of 7.2.2. Weld repaired surfaces and edges
that will not be subsequently incorporated into a welding
joint shall be stress relieved by any approved method
when determined necessary by the Design Engineer.

- 7.2.3 Machining, plasma arc cutting, air carbon arc
cutting, oxyfuel gas cutting, oxygen gouging, chipping,
or grinding may be used for joint preparation, back goug-
ing, and the removal of unacceptable work or metal. One
exception is that oxygen gouging shall not be used on
quenched and tempered steel. Thermally cut surfaces
should be ground as needed to proper contour. Prepara-
tion of nonferrous base metals by nontraditional methods
shall be a matter of agreement between the Manufacturer
and Owner.

7.2.4 Edges of built up beam and girder webs shall be
cut to the prescribed camber with empirically developed
manufacturing allowance for shrinkage due to cutting
and welding. However, deviation from the specified
camber tolerances may be corrected by carefully super-
vised application of a limited amount of localized heat or
other suitable means of obtaining the specified camber.

The use of flame straightening of distorted members
and camber correction by localized heating shall have the
approval of the Design Engineer and follow an approved
written procedure (see 12.4). When flame straightening
is used, the temperature of the heated areas shall be accu-
rately measured. The temperature shall not exceed
1100°F [590°C] for quenched and tempered steels or
normalized and tempered steels, and 1200°F [650°C] for
other steels.

7.2.5 Dimensional Tolerances. Dimensions of built
up beams and girders shall be within the tolerance of the
general specification governing the work, and also
within the following special tolerances. All measure-
ments shall be taken at the Manufacturer’s plant prior to
shipment, unless otherwise specified.

7.2.5.1 Maximum deviation from straightness, Dy,
(referenced to the neutral axis) of welded beams or gird-
ers, where there is no specified sweep:

Dy, in. = 0.0125 X total length, ft
D,, mm = 1.04 X total length, m

7.2.5.2 Maximum deviation from specified camber
(in the service position), D, of welded beam or girders:
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D, in. = £0.003 X total length, ft, or +1/4 in, which-
ever is greater

D., mm = £0.25 X total length, m, or +6 mm, which-
ever is greater

7.2.5.3 Lateral deviation between the centerline of
the web and the centerline of the flange of buildup H or I
members at the contact surface (referenced to neutral
axis) shall be 1/4 in. [6 mm] maximum.

7.2.5.4 The maximum deviation from the specified
depth for welded built up beams and girders, measured at
the web centerline, shall be +£1/2 in. [13 mm] for depths
up to 72 in. [1800 mm]. For depths over 72 in. [1800
mm], the maximum deviation shall be +3/4 in. [20 mm]
to —1/2 in. [13 mm].

7.2.6 Re-entrant corners, except for the corners of
weld-access cope holes adjacent to a flange, shall be fil-
leted to a radius of no less than 3/4 in. [20 mm]. The fillet
and its adjacent cuts shall meet without offset or cutting
past the point of tangency.

7.3 Visual Inspection and Repair of Plate and
Wrought Steel Products

7.3.1 In the repair and the determination of the limits
of visible internal discontinuities on rolled, sheared, or
oxygen cut edges, the amount of metal removed shall be
the minimum necessary to remove the discontinuity, but
not to exceed the permissible limit given in Table 7.
Material cut edges may exist at any angle with respect to
the rolling direction. All repairs of discontinuities by
welding shall conform to the applicable provisions of
this specification.

7.3.2 The limits of acceptability and the repair of
visually observed edge discontinuities shall be in accor-
dance with Table 7. The length of discontinuity is the
visible length dimension on the material edge, and the
depth is the distance that the discontinuity extends into
the material from the edge.

7.3.3 Discontinuities over 1 in. [25 mm] in length and
in depth, when discovered during either visual inspection
of cut surfaces or nondestructive examination of welded
joints, shall be evaluated further. The following proce-
dures are recommended:

(1) Where discontinuities, such as W, X, or Y in Fig-
ure § are observed prior to completing the joint, the size
and shape of discontinuity shall be determined by ultra-
sonic inspection. The area of the discontinuity shall be
determined as the area of total loss of back reflection
when examined in accordance with the procedure section
of ASTM A 435.

(2) For acceptance of W, X, or Y discontinuities, the
area of a single discontinuity or the aggregate area of
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Table 7
Limits on Acceptability and Repair of Edge Discontinuities in Cut Surfaces (see 7.3.2)

Size of Discontinuity

Length, in. [mm)] Depth, in. [mm)]

Repair Required

<11[25] Unspecified
>1[25] <1/8 [3]

> 1[25] > 1/8 [3]to £ 1/4 [6]
> 1[25] > 1/4[6]to <1 [25]
>1[25] >1[25]

None; need not be explored.

None; depth should be explored per Note (1).

Remove; repair welding not required.

Completely remove and repair weld as limited by Note (2).
Refer to 7.3.3.

Notes:

(1) A spot check of 10% of the discontinuities on the edge in question should be explored by grinding to determine depth. If the depth of any one of the
discontinuities explored exceeds 1/8 [3 mm], then all of the discontinuities remaining on that edge shall be explored by grinding to determine
depth. If none of the discontinuities explored in the 10% spot check has a depth exceeding 1/8 in. [3 mm], then the remaining of the discontinuities

on that edge need not be explored.

(2) Aggregate length of welding shall not exceed 20% of the length of the plate edge being repaired.

’\E’ERIAL WIDTH

1in.[25 mm] MIN

\

MATERIAL LENGTH

™~

X

Figure 8—Edge Discontinuities
in Cut Material (see 7.3.3)

multiple discontinuities shall not exceed 4% of the cut
material area (length X width) with the following excep-
tion: if the width of discontinuity or the aggregate width
of discontinuities on any transverse section, as measured
perpendicular to the cut material length, exceeds 20% of
the cut material width, the maximum allowable area shall
be reduced by the percentage amount of the width
exceeding 20%. For example, if a discontinuity is 30% of
the cut material width, the percentage area of discontinu-
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ity cannot exceed 4 minus 4 X (0.30-0.20), or 3.6% of
the cut material area. The discontinuity on the edge of
the plate shall be gouged out to a depth of 1 in. [25 mm]
beyond its intersection with the surface by chipping, air
carbon arc gouging, or grinding, and then blocked off by
welding in layers not exceeding 1/8 in. [3 mm] in thick-
ness for at least the first four layers.

(3) Repair of an internal discontinuity, Z, in Figure 8
is not required if it does not exceed the allowable area in
7.3.3(2), is discovered after the joint has been completed,
and is 1 in. [25 mm] or more from the toe of the weld as
measured on the cut material surface. If a Type Z discon-
tinuity is less than 1 in. [25 mm] from the face of the
weld, it shall be removed to a distance of 1 in. [25 mm]
from the fusion zone of the weld by chipping, gouging or
grinding. It shall then be blocked by welding in layers
not exceeding 1/8 in. [3 mm] in thickness for at least the
first four layers.

(4) If the area of the discontinuity W, X, Y, or Z
exceeds the allowable in 7.3.3(2), the cut material or sub-
component shall be either rejected and replaced or
repaired at the discretion of the Design Engineer.

(5) The aggregate length of weld repair shall not
exceed 30% of the length of the cut surface without
approval of the Design Engineer.

(6) All repairs shall be in accordance with this speci-
fication. Gouging of a discontinuity may be done from
either the cut material surface or the edge.

7.4 Assembly

7.4.1 Parts to be joined by fillet welds shall be
brought as close together as practicable at the joint. Root
cracking may occur in a fillet weld if there is no root
opening between the parts (e.g., surfaces machined to

Not for Resale



AWS D14.1/D14.1M:2005

bear). It may be necessary to provide a small root open-
ing, in such cases, prior to welding. In any case, the root
opening between parts shall not exceed 1/8 in. [3 mm]
for sections up to 2 in. [SO mm] in thickness. When the
root opening between shapes or plates of 2 in. [S0 mm]
or more in thickness cannot be closed to meet this toler-
ance, a maximum root opening of 3/16 in. [5 mm] is ac-
ceptable if a sealing weld or suitable backing material® is
used. If the root opening is 1/16 in. [2 mm] or greater, the
leg of the fillet weld shall be increased by the amount of
. the separation, or the contractor shall demonstrate that
- the required effective throat has been obtained.

The separation between the faying surfaces of lap
. joints and butt joints with a backing shall not exceed
" 1/16 in. [2 mm]. Deviations from these limits shall be
approved by the Design Engineer.

7.4.2 Parts to be joined by partial joint penetration
groove welds parallel to the length of the member (bear-
ing joints excepted) shall be brought as close together as
practicable. The root opening between parts shall not
exceed 1/8 in. [3 mm]. If the root opening between rolled
shapes or plates of 2 in. [5SO mm] or greater in thickness
cannot be closed sufficiently to meet this tolerance, a
maximum gap of 3/16 in. [5 mm] is acceptable provided
(1) a sealing weld or suitable backing material is used
and (2) the final weld meets the requirements for effec-
tive throat. Tolerances for bearing joints shall be in
accordance with the applicable contract specification or
the Manufacturer’s standard if no tolerances are included
in the contract. Deviations from these limits shall be
approved by the Design Engineer.

7.4.3 Parts to be joined at butt joints shall be carefully
aligned. Where the parts are effectively restrained
against bending due to eccentricity in alignment, an off-
set not exceeding 10% of the thickness of the thinner part
joined, but in no case more than 0.18 in. [4.5 mm], may
be permitted as a departure from the theoretical align-
ment. In correcting misalignment in such cases, the slope
of the drawn-in parts shall not exceed 1 to 24. Measure-
ment of offset shall be based upon centerline of parts,
unless otherwise shown on the drawing. Deviations from
these limits shall be approved by the Design Engineer.

7.4.4 Dimensions of the cross section of groove weld
joint preparations that vary from those shown on the
detail drawings by more than the tolerances given in
Table 8 shall be referred to the Design Engineer for
acceptance. Exceptions are grooves for electroslag and
electrogas welds.

6. Backing may be flux, glass tape, iron powder, or similar
materials. Sealant (root) passes should be made with low-
hydrogen covered electrodes or other arc welding processes.
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Table 8
Tolerances for Groove Weld Joint
Preparations for Arc Welding (see 7.4.4)

Root Not Gouged Root Gouged
in. mm in. mm

Root face +1/16 +2 Not limited
Root opening with ~ +1/16 +2 +1/16 +2
other than steel
backing
Root opening with +1/4 +6 Not applicable
steel backing
Groove angle +5° +10°, -5°

7.4.5 Grooves produced by gouging shall be in accor-
dance with the requirements for processes and filler
metals of Section 8.

7.4.6 Groove welds shall be terminated at the ends of
a joint in a manner that will ensure sound welds. This
should be done by the use of extension bars or run-off
plates.

7.4.7 Extension bars and run-off plates shall be
removed upon completion of the welding, and the ends
of the weld shall be finished smooth and flush with the
edges of the abutting parts.

7.4.8 The weld metal of groove welds made with steel
backing strips shall be thoroughly fused with the back-
ing. Steel backings shall be removed, where accessible,
from welds that are transverse to computed stress, and
the joints shall be ground or finished smooth.

7.4.9 Members to be welded shall be brought into cor-
rect alignment and held in position by clamps, wedges,
guy lines, struts, tack welds, or other suitable devices
until welding has been completed. The use of jigs and
fixtures is recommended where practicable. Suitable
allowances shall be made for warpage and shrinkage.

7.4.10 Steel backing shall be continuous for the full
length of a weld. Welded butt joints in a fabricated steel
backing shall have complete joint penetration, and the
joints shall be welded prior to placement of the backing.

7.4.11 Caulking of welds is not permitted.
7.4.12 Tack Welds

7.4.12.1 Tack welds shall be subject to the same
quality requirements as the final welds.
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7.4.12.2 Tack welds which are incorporated into
the final weld shall be made with electrodes meeting the
requirements of the final weld. Multipass tack welds
shall have cascaded ends. Tack welds shall be cleaned
prior to depositing additional weld metal.

7.4.12.3 Tack welds not incorporated into final
welds shall be removed.

7.4.13 Arc Strikes. Arc strikes outside the area of
permanent welds should be avoided on any base metal.
Cracks or blemishes caused by arc strikes shall be
ground to a smooth contour and examined to ensure
soundness (see 12.2.2).

7.5 Control of Distortion and Shrinkage Stresses

7.5.1 The procedure and welding sequence for assem-
bling and joining parts of a structure or of built up mem-
bers and for welding reinforcing parts to members, shall
be designed to minimize distortion and shrinkage.

7.5.2 When practicable, all welds shall be deposited in
a sequence that will balance the applied heat while weld-
ing progresses.

7.5.3 A program for welding sequence and distortion
control shall be provided where shrinkage stresses or dis-
tortion are likely to affect the adequacy of the structure.

7.5.4 Joints that are expected to produce large shrink-
~age should usually be welded with as little restraint as
~ possible before other joints that are expected to cause
- less shrinkage are welded.

-~ 7.5.5 Peening may be used on intermediate weld lay-
" ers for control of shrinkage stresses in thick welds to pre-
vent cracking (see 7.8). No peening shall be done on the
root pass. Peening of the final weld layer shall be for
fatigue enhancement purposes only and shall be done
according to an approved written procedure (see 7.8.3).

7.5.6 In making welds under conditions of severe
external shrinkage restraint, the welding shall be carried
continuously to completion or to a point that will ensure
freedom from cracking before the joint is allowed to cool
below the minimum specified preheat temperature.
Where preheat and interpass temperatures are not speci-
fied, welding shall continue to a point where freedom
from cracking is assured.

7.6 Stress Relief. Where required by the contract draw-
ings or specifications, welded assemblies shall be stress
relieved.

7.6.1 All stress relief operations shall follow an
approved written procedure.

7.6.2 Localized stress relieving may be employed,
subject to approval by the Design Engineer, when it is
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impractical to stress relieve the entire weldment. A writ-
ten procedure shall address the variables given in 7.6.3.

7.6.3 The procedures for furnace stress relief shall
address the following:

(1) Temperature at the start of the thermal cycle.

(2) Rate of heating to temperature.

(3) Maximum allowable variation of temperature
throughout the portion of the part being heated.

(4) Maximum temperature tolerance at stress relief
temperature.

(5) Holding time at stress relief temperature.

(6) Rate of cooling to a temperature suitable for
removal of work from the furnace.

(7) The thermocouples shall have surface contact
with the weldment and be shielded from direct impinge-
ment of the heat source. The records shall include the
location, calibration and thermal chart of each thermo-
couple, along with traceable weldment documentation.
The records and data shall become part of the weldment
documentation.

(8) Support of the weldment to minimize sagging and
distortion.

(9) Spacing of multiple items so all pieces will heat
uniformly.

(10) Use of baffles or insulating material to protect the
weldment from direct impingement of the heat source.

7.6.4 Stress relieving of weldments of A514, A517,
A709 Grades 100 and 100W, and A710 steels is not rec-
ommended. Stress relieving may be necessary for those
applications where weldments must retain dimensional
stability during machining or where stress corrosion may
be involved, neither condition being unique to weld-
ments involving A514, A517, A709 Grades 100 and
100W, and A710 steels. However, the results of notch
toughness tests have shown that stress relieving may
actually impair weld metal toughness, and intergranular
cracking may sometimes occur in the grain-coarsened
region of the weld heat affected zone. Such steels should
only be stress relieved after consultation with the steel
producer and in strict accordance with the producer’s
recommendations.

Precautionary Note: Consideration must be given to
possible distortion due to stress relief.

7.7 Vibratory Conditioning

7.7.1 Vibratory conditioning to obtain dimensional
stability of the weldment may be employed with the
approval of the Engineer. The conditioning shall be done
in accordance with the recommendations of the manufac-
turer of the vibratory equipment. It shall not be substi-
tuted for thermal stress relief.
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7.7.2 The conditioning process shall be covered by a
written procedure.

7.8 Peening. Shot and mechanical peening provide for
improved fatigue life in the weld joint as a result of the
surface material being placed in compression.”-3°
Mechanical peening can be applied to intermediate weld
passes to reduce residual stresses, cracking, and distor-
tion. All peening shall be done using an approved written
procedure. These guidelines are based on experience
with carbon steel.

7.8.1 Controlled Shot Peening. Controlled shot
peening may be used on external surfaces to improve
fatigue life. Controlled shot peening procedures shall
include Almen intensity, shot size, pressure, and percent
coverage.

7.8.2 Hammer Peening. Hammer peening may be
used on external surfaces to improve fatigue life. Peen-
ing should be controlled to prevent introducing stress
concentrations to, or cracking of, the weld or base metal.
Controlled air hammer peening procedures shall specify
hammer size, peening tool radius, air pressure, and
extent and density of coverage (see 7.8.4).

7.8.3 Peening Applications

(1) No peening shall be done on the root pass.

(2) Hammer or needle peening may be used on inter-
mediate weld layers for control of shrinkage stresses in
thick welds to prevent cracking.

(3) Peening of the surface layer of the weld and the
base metal at the edges of the weld is permitted for
fatigue life improvement. Under controlled conditions,
both shot and mechanical peening places the exposed
material in compression which reduces residual tensile
stresses at the weld surface, the toe of the weld, and the
base metal adjacent to the weld.

(4) All slag shall be removed prior to peening. The
use of manual slag hammers, chisels, and lightweight
tools such as needle descaling guns for the removal of slag
and spatter is permitted, but is not considered peening.

7.8.4 Specification for Pneumatic Hammer Peen-
ing for Fatigue Life Improvement. Peening of weld
toes shall be performed with the use of a small pneumatic
hammer (Ingersoll #2 or equivalent) and peening tool as
shown in Figure 9(A). All welds shall pass magnetic par-

7. Bremen, U., Smith, I. F. C., and Hirt, M. A., Crack Growth
Behavior in a Welded Joint Improved by Residual Stress
Method. International Conference: Fatigue of Welded Con-
struction, Ed., Maddox, S. J. The Welding Institute: 1987.

8. Booth, G. S., Improving the Fatigue Performance of Welded
Joints. The Welding Institute: 1983.

9. Metal Improvement Company, Inc. Shot Peening Applica-
tion, Seventh Edition.
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ticle examination prior to peening, followed by a second
magnetic particle examination after peening.

The peening tool shall be made from a chisel or other
tool designed for the pneumatic hammer. The tool tip
shall conform to the dimensions shown in Figure 9(A).
All sharp edges and burrs shall be removed and the tool
shape maintained in this geometric shape and condition.

Best peening results will be obtained by operating the
pneumatic hammer at approximately 25 psi [1.7 bar] air
pressure. The axis of the hammer shall be perpendicular
to the longitudinal axis of the weld toe and inclined 60°
to 70° above the weld toe plane as shown in Figure 9(B).
Peening is done by slowly moving the peening tool of an
operating hammer along the weld toe. Peening shall con-
tinue until the weld toe becomes smooth (absence of
weld ripples), approximately three to four passes at
30 in./min [760 mm/min]. The depth of indentation due
to peening should be approximately 1/32 in. [1 mm] to
1/16 in. [2 mm].

Peened welds, after passing the second magnetic par-
ticle examination, have increased fatigue strength equal
to the next higher stress category (see Table 3) for the
applicable detail (see Table 4 and Figure 1). However,
the stress category for peened welds shall not exceed
category B.

8. Processes and Filler Metals
8.1 General
8.1.1 Filler Metal Requirements

8.1.1.1 The electrode, electrode-flux combination,
or other filler metal for making complete joint penetra-
tion groove welds shall be in accordance with Table 9
when matching weld metal is required by Table 2.

8.1.1.2 The electrode, electrode-flux combination,
or other filler metal for complete joint penetration or par-
tial joint penetration groove welds and for fillet welds
may provide lower strength weld metal, as permitted in
Table 2. The allowable stress in the weld metal shall not
exceed that allowed in Table 2.

8.1.2 Preheat and Interpass Temperature Require-
ments. Preheat and interpass temperatures shall be in
accordance with Table 10 for the welding process being
used and for the higher strength base metals being
welded.

8.1.3 Heat Input Control for Quenched and Tem-
pered Steel. When quenched and tempered steels are
welded, the heat input shall be restricted in conjunction
with the maximum preheat and interpass temperatures
permitted for the metal thickness. The heat input limita-
tions shall be in accordance with the steel producer’s rec-
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Figure 9—Pneumatic Hammer Peening (see 7.8.4)

ommendations. The use of stringer beads to avoid
overheating is strongly recommended. Oxygen gouging
of quenched and tempered steel is not permitted.

: 8.1.4 Backing for Groove Welds. Materials used for
backing of groove welds may be steel, neutral sub-
merged arc welding flux, nonfusible backup bars, or
commercially available tapes made specifically for this
purpose. The backing material employed shall not alter
the weld metal composition, and the joints shall meet the
requirements of Section 6, Weld Joint Design.

8.2 Shielded Metal Arc Welding (SMAW)
8.2.1 Electrodes for Shielded Metal Arc Welding

8.2.1.1 Electrodes for shielded metal arc welding
shall conform to the requirements of either AWS AS.1,
Specification for Carbon Steel Electrodes for Shielded
Metal Arc Welding, or AWS AS.5, Specification for
Low-Alloy Steel Electrodes for Shielded Metal Arc Weld-
ing, whichever is applicable.

8.2.1.2 All electrodes having low-hydrogen cover-
ings conforming to AWS AS5.1 shall be purchased in her-
metically sealed containers, or shall be dried for at least
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two hours between 500°F [260°C] and 800°F [425°C]
before being used. Electrodes having low-hydrogen cov-
erings conforming to AWS AS5.5 shall be purchased in
hermetically sealed containers, or shall be dried for at
least one hour at a temperature of between 700°F
[370°C] and 800°F [425°C] before being used, in accor-
dance with the recommendations of AWS A5.5. Elec-
trodes shall be dried prior to use if the hermetically
sealed container shows evidence of damage.
Immediately after opening of hermetically sealed con-
tainers or removal from drying ovens, the low-hydrogen
electrodes shall be consumed or stored in ovens held at a
temperature of at least 250°F [120°C]. E70XX or
E70XX-X electrodes that are not used within four hours,
E80XX-X within two hours, E90XX-X within one hour,
E100XX-X or E110XX-X within one half hour, and
E70XXR, E7018M, or E70XXHZR within nine hours
after removal from hermetically sealed containers or
from a drying or storage oven shall be redried before use.
Electrodes shall be redried not more than one time. Elec-
trodes that are, or have been, wet shall not be used.

8.2.1.3 The classification and size of electrode, arc
length, voltage, and amperage shall be suited to the
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Table 9
Matching Filler Metal Requirements(1)- (). ()
Welding Process
Base Metal® SMAW SAW GMAW FCAW
Class I AWS AS.10or A5.5 AWS A5.17 or A5.23 AWS AS5.18 AWS A5.20 or A5.29
Class 1T E60XX, E7T0XX F6XX-EXXX ER70S-X E6XT-X, E6XTX-X, E7XT-X, or
E70XX-X F7XX-EXXX E7XTX-X
F7XX-EXX-XX AWS A5.18 or A5.28  (except -2, -3, -10, -13, -14, or GS)®
E70C-XX
Class III AWS AS5.10r A5.50)  AWS A5.17 or A5.23 AWS AS.18 AWS A5.20 or A5.29
E70XX© F7XX-EXXX ER70S-X E7XT-X or E7TXTX-X
E70XX-X©® F7XX-EXX-XX (except -2, -3, -10, -13, -14, or GS)®
AWS AS5.18 or A5.28
E70C-XX
Class IV AWS A5.5 AWS A5.23 AWS A5.28 AWS A5.29
UTS > 70 ksi ES0XX-X F8XX-EXX-XX ER80S-X ESXTX-X
[485 MPa] E80C-XX
UTS <70 ksi AWS AS.10r A5.5 AWS A5.17 or A5.23 AWS AS.18 AWS A5.20
[485 MPa] E70XX-X© F7XX-EXX ER70S-X E7XT-X or E7XTX-X
E70XX©® F7XX-EXX-X E70C-XX (except -2, -3, -10, -13, -14, or GS)®
Class V Thickness AWS AS.5 AWS A5.23 AWS A5.28 AWS A5.29
<2.5in. [65 mm] E110XX-X© F11XX-EXX-XX ER110S-X E11XTX-X
E11018M
>2.5in. [65 mm] E100XX-X© F10XX-EXX-XX ER100S-X E10XTX-X

E10018M

Notes:

(1) The use of the same type of filler metal having the next higher strength classification as listed in AWS filler metal specifications is permitted. A
filler metal of a lower strength may be used where the Engineer has stipulated less than 100% joint efficiency.

(2) When welds are to be thermally stress relieved, the deposited weld metal shall not exceed 0.05% vanadium.

(3) Filler metals of alloy groups B3, B3L, B4L, B5, B6, B6L, B7, B7L, B8, BSL, or B9, in AWS A5.5, A5.23, A5.28, or A5.29, are not prequalified

for use in the as-welded condition.

(4) In joints involving base metals of different yield points or strengths, filler metals applicable to the lower strength metal may be used.

(5) These electrode classifications do not have yield strength or elongation requirements specified in AWS A5.20. If E7XT-2 filler metals are qualified
by prototype testing (see 9.5.3), this qualifies the use of these filler metals for production. However, it is recommended that these classifications
and the E7XT-11 classification from AWS A5.20 be limited to weld thicknesses less than 1/2 in. [13 mm].

(6) Low hydrogen classifications only (i.e., EXX15, EXX15-XX, EXX16,

thickness of the base metal, type of groove, welding
position, and other circumstances attending the work.

8.2.1.4 The maximum size of electrodes shall be as
follows:

(1) 5/16 in. [8 mm] for all welds made in the flat
position, except for root passes;

(2) 1/4 in. [6 mm] for horizontal fillet welds;

(3) 1/4 in. [6 mm] for root passes of fillet welds made
in the flat position and groove welds made in the flat
position with a backing and a root opening of 1/4 in.
[6 mm] or more;

3
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EXX16-XX, EXX18, EXX18-XX, EXX28, EXX48).

(4) 5/32 in. [4 mm] for welds made with EXX14 and
low-hydrogen electrodes in the vertical and overhead
positions;

(5) 3/16 in. [5 mm] for root passes of groove welds
and for all other welds not included under (1), (2), (3),
and (4).

8.2.2 The minimum thickness of a root pass shall be
large enough to avoid weld metal cracking.

8.2.3 The maximum thickness of layers of fillet
welds, other than root passes, and all layers of groove
welds shall be the following:

(1) 1/4 in. [6 mm] for root passes of groove welds;

0
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Table 10
Minimum Preheat and Interpass Temperatures

Thickness of Thickest Part

Weldability at Point of Welding Minimum Temperature -
Classification of
Base Metal Welding Process in. mm °F °C
Shielded metal arc welding with other < 3/4 <20 None®
than low-hydrogen electrodes >3/4t0<1-12  >20t0<40 None(®
>1-12t0<2-1/2 >40to <65 50 10
; >2-1/2 > 65 200 95
Shielded metal arc welding with low- Up to 3/4 <20 None®
hydrogen electrodes, submerged arc < < R
welding, gas metal arc welding, flux >34w<l-12 >20t0<40 None
cored arc welding >1-12t0<2-12 >40t0<65 None®
>2-172 > 65 150 65
Shielded metal arc welding with other Up to 3/4 <20 None®
than low-hyd lectrod
I anlow-ycrogen electrodes >3/4t0<1-12  >20t0<40 150 65
>1-12t0<2-1/2 >40t0 <65 225 110
>2-1/2 > 65 300 150
Shielded metal arc welding with low- Up to 3/4 <20 None®
hydrogen electrodes, submerged arc
I & 1M1 welding, gas metal arc welding, flux >3/4w<1-12  >20t0<40 50 10
cored arc welding >1-1/2t0<2-1/2 >40to <65 150 65
>2-1/2 > 65 225 110
Shielded metal arc welding with low- < 3/4 <20 50 10
hydrogen electrodes, submerged arc < <
v welding, gas metal arc welding, flux >34w<l-12 >20t0<40 150 65
cored arc welding >1-12t0<2-1/2 >40t0 <65 225 110
>2-1/2 > 65 300 150
Shielded metal arc welding with low- < 3/4 <20 50 10
hydrogen electrodes, submerged arc
welding with carbon or alloy steel wire, >3/4t0<1-1/2 >20to<40 125 50
neutral or active flux,® gas metal arc > 1-1/2t0 <2-1/2 > 40to <65 175 80
welding, flux cored arc welding
v >2-1/2 > 65 225 110
Submerged arc welding with carbon < 3/4 <20 50 10
teel wire, alloy flux®
steel wire, atioy Tux >3/4t0<1-12  >20t0<40 200 95
>1-1/2t0<2-1/2 >40to <65 300 150
>2-1/2 > 65 400 205

Notes:

(1) When the base metal temperature is below 32°F [0°C], the base metal shall be preheated to at least 70°F [21°C] for a distance equal to the thickness
of the part being welded, but not less than 3 in. [75 mm] both laterally and in advance of welding. This minimum temperature shall be maintained
during welding. Preheat and interpass temperature shall be sufficient to prevent crack formation. Temperature above the minimum shown may be
required for highly restrained welds. For quenched and tempered steel, the maximum preheat and interpass temperature should not exceed 400°F
[250°C] for thicknesses up to 1-1/2 in. [40 mm] inclusive or 450°F [230°C] for greater thicknesses. When welding quenched and tempered steel,
heat input should not exceed the producer’s recommendation.

(2) In joints involving combinations of base metals, preheat shall be as specified for the higher strength steel being welded.

(3) Neutral flux: Flux whose primary purpose is to shield the weld metal.

Active flux: Flux whose primary purpose is to deoxidize the weld metal.
Alloy flux: Flux whose primary purpose is to alloy the weld metal. (See AWS A3.0 for complete definitions.)
AWS A5.17/A5.17TM-97, Annex A6 contains more complete descriptions of these fluxes and their applications.
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(2) 1/8 in. [3 mm] for subsequent layers of welds
made in the flat position;

(3) 3/16 in. [5 mm] for subsequent layers of welds
made in the vertical, overhead, and horizontal positions.

8.2.4 The maximum size of both single-pass and root-
pass fillet welds shall be the following:

(1) 3/8 in. [10 mm] in the flat position;

(2) 5/16 in. [8 mm] in horizontal and overhead
positions;

(3) 1/2in. [13 mm] in the vertical position.

8.2.5 The progression of welding in the vertical posi-
tion may be upward or downward, but only in the direc-
tion or directions for which the welder is qualified.

8.2.6 Complete joint penetration groove welds that
are made without the use of steel backing shall have the
root of the first weld gouged or ground to sound metal
before the second weld is started on the opposite side.

8.3 Submerged Arc Welding (SAW)
8.3.1 General Requirements

8.3.1.1 Submerged arc welding (SAW) may be
performed with one or more single electrodes, one or
more parallel electrodes, or combinations of single and
parallel electrodes. The spacing between multiple arcs
shall be such that the slag cover over the weld metal pro-
duced by a leading arc does not cool sufficiently to pre-
vent proper fusion of the weld metal deposit from a
following electrode. SAW with multiple electrodes may
be used for any groove or fillet weld pass.

8.3.1.2 The following subsections (8.3.1.3 through
8.3.1.7) governing the use of SAW are suitable for any
steel included in Table 1, other than quenched and tem-
pered steels. Concerning welding of quenched and tem-
pered steels, it is necessary to comply with the steel
producer’s recommendations for maximum permissible
heat input and preheat combinations. Such consider-
ations shall include the additional heat input produced in
simultaneous welding on two sides of a common member.

8.3.1.3 The size of the electrode shall not exceed
1/4 in. [6 mm] diameter.

8.3.1.4 Surfaces on which submerged arc welds are
to be deposited and adjacent faying surfaces shall be
clean and free of moisture and other contaminants that
may have an adverse effect on weld quality.

8.3.1.5 Roots of groove or fillet welds may be
backed with copper, flux, glass tape, iron powder, or
similar materials to prevent melt-through, or be sealed by
means of root passes deposited using a low-hydrogen
welding procedure. Use caution to avoid letting the
welding arc strike the copper backing.
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8.3.1.6 Neither the depth nor the maximum width
in the cross section of the weld metal deposited in each
weld pass shall exceed the width of the face of that weld
pass or throat cracking may occur (see Figure 10).

8.3.1.7 Tack welds located in the roots of joints
requiring specific root penetration, or in the form of fillet
welds 3/8 in. [10 mm] and under in size, shall not pro-
duce objectionable changes in appearance of the weld
surface or result in decreased penetration. Tack welds
that will cause unsatisfactory weld characteristics shall
be reduced in size by any suitable means before welding.
Tack welds in the root of a joint with steel backing of
less than 5/16 in. [8 mm)] thick shall either be reduced in
size by any suitable means before welding or made
continuous for the full length of the joint using a low-
hydrogen welding procedure. After any tack weld is
reduced in size, care shall be taken to clean the weld
groove before proceeding.

8.3.2 Electrodes and Fluxes. The electrode and flux
combination used for submerged arc welding of a steel
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shall conform to the requirements of AWS A5.17, Speci-
fication for Carbon Steel Electrodes and Fluxes for Sub-
merged Arc Welding or of AWS A5.23, Specification for
Low Alloy Steel Electrodes and Fluxes for Submerged
Arc Welding, whichever is applicable.

8.3.3 Condition of Flux. Flux used for SAW shall be
dry and free of contamination from dirt, mill scale, or
other foreign material. Flux shall be purchased in pack-
ages that can be stored under normal conditions for at
least six months without affecting the welding character-
istics of the flux or the weld properties. Flux from dam-
aged packages shall be discarded or dried at a minimum
temperature of 250°F [120°C] for one hour before use.
Flux shall be placed in the dispensing system immedi-
ately upon opening a package. Before using flux that has
been exposed to the atmosphere in an open package, the
top 1 in. [25 mm)] shall be discarded. Flux that has been
wet shall not be used.

SAW flux that has not been melted during the weld-
ing operation may be reused after recovery by vacuum-
ing, catch pans, sweeping, or other means. The welding
fabricator shall have a system for collecting unmelted
flux, adding new flux, and welding with the mixture of
these two, such that the flux composition and particle
size distribution at the weld puddle are relatively con-
stant. Recrushed slag may be used provided it has its
own marking, using the recrusher’s name and trade des-
ignation. In addition, each dry batch or dry blend (lot) of
flux, as defined in AWS A5.01, Filler Metal Procure-

“ment Guidelines, shall be tested in conformance with
“Schedule I of AWS A5.01 and classified by the contrac-
“tor or recrusher per AWS A5.17 or A5.23, as applicable.

8.3.4 Procedures for SAW with a Single Electrode

8.3.4.1 Submerged arc welds may be made in
either the flat or horizontal position. Single-pass fillet
welds made in the horizontal position shall not exceed
5/16 in. [8 mm)] in size.

8.3.4.2 The thickness of weld layers, except root
and surface layers, shall not exceed 1/4 in. [6 mm].
When the root opening is 1/2 in. [13 mm] or greater, a
multiple-pass stringer bead (split layer) technique shall
be used. The stringer bead (split layer) technique shall
also be used in making multiple-pass welds when the
width of the layer will exceed 5/8 in. [16 mm)].

8.3.4.3 The welding conditions, including current,
arc voltage, and speed of travel, shall ensure that each
weld pass will have complete fusion with the adjacent
base and weld metals, and have no overlap or unaccept-
able undercut. The maximum welding current used to
make any weld pass with fusion to both faces of a weld
groove shall be 800 A, except that the final layer of weld
metal may be made using higher welding current. The
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maximum welding current to be used for fillet welds in
the flat position shall be 1000 A.

8.3.5 Procedures for SAW with Multiple Electrodes

8.3.5.1 Submerged arc welds made with multiple
electrodes may be made in either the flat or horizontal
position. Single-pass, multiple-arc fillet welds made in
the horizontal position shall not exceed 1/2 in. [13 mm]
in size.

8.3.5.2 The thickness of weld layers is not limited.
In making the root pass of a groove weld, either single or
multiple electrodes may be used. Backing strips or root
faces of the groove shall be of adequate thickness to pre-
vent melt-through. When the width of a groove in which
a layer of weld metal is to be deposited exceeds 1/2 in.
[13 mm], multiple electrodes shall be displaced laterally,
or a stringer bead (split layer) technique shall be used to
assure complete fusion. A stringer bead (split layer) tech-
nique shall be employed when only two electrodes in
tandem are used and the width of a previously deposited
layer exceeds 1 in. [25 mm].

8.3.5.3 The welding conditions, including current,
arc voltage, speed of travel, and relative location of elec-
trodes, shall ensure that each pass will have complete
fusion with the adjacent base and weld metals, and have
no depressions or unacceptable undercut. Concavity of
initial weld passes shall not be excessive to avoid crack-
ing in roots of joints that are under restraint.

8.3.5.4 The maximum welding current used in
making a groove weld shall be as limited by the allow-
able heat input for quenched and tempered materials. For
other materials, the following limitations shall apply:

(1) 700 A for any single electrode or for multiple
electrodes when making a root pass of a multiple-pass
weld in a groove having no root opening.

(2) 750 A for any single electrode or 900 A for multi-
ple electrodes when making a root pass in a groove
having steel backing or a spacer bar.

(3) 1000 A for any single electrode or 1200 A for
multiple electrodes for all other passes except the root
pass and the final layer.

(4) Any suitable amperage for the final pass or layer.

8.3.5.5 The maximum welding current to be used
when making a fillet weld shall be 1000 A for a single
electrode or 1200 A for multiple electrodes or as limited
by the allowable heat input for quenched and tempered
materials.

8.3.5.6 Multiple electrodes may be used in the root
of groove or fillet welds using a leading gas metal arc
electrode with gas shielding followed by multiple sub-
merged arc electrodes provided that (1) the gas metal arc
welding conforms to the requirements of 8.4, and (2) the
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spacing between the leading gas metal arc electrode and
the first following submerged arc electrode is not more
than 15 in. [375 mm)].

8.4 Gas Metal Arc Welding (GMAW) and Flux Cored
Arc Welding (FCAW)

8.4.1 Consumables

8.4.1.1 The electrodes and shielding medium for
gas metal arc welding (GMAW) or flux cored arc weld-
ing (FCAW) for producing weld metal with a minimum
specified yield strength of 60 ksi [415 MPa] or less shall
conform to the requirements of AWS AS5.18, Specifica-
tion for Carbon Steel Electrodes and Rods for Gas
Shielded Arc Welding, AWS A5.20, Specification for
Carbon Steel Electrodes for Flux Cored Arc Welding, or
AWS A5.29, Specification for Low Alloy Steel Elec-
trodes for Flux Cored Arc Welding, as applicable.

8.4.1.2 Weld metal having a minimum specified
yield strength greater than 60 ksi [415 MPa] shall con-
form to the following requirements:

(1) The electrodes and shielding gas for GMAW for
producing weld metal with a minimum specified yield
strength greater than 60 ksi [415 MPa] shall conform
with AWS AS5.28, Specification for Low-Alloy Steel
Filler Metals for Gas Shielded Arc Welding.

(2) The electrodes and shielding gas for flux cored
arc welding for producing weld metal with a minimum
specified yield strength greater than 60 ksi [415 MPa]
shall conform to AWS A5.29, Specification for Low
Alloy Steel Electrodes for Flux Cored Arc Welding.

8.4.1.3 When requested by the Design Engineer,
the fabricator shall furnish the electrode manufacturer’s
certification that the filler metal product being used met
the requirements for classification in accordance with the
applicable AWS specifications. The electrode manufac-
turer’s recommended welding process conditions and
parameters including amperage, voltage and shielding
gas (or lack of such) shall be followed.

8.4.2 Shielding Gas. When a gas or gas mixture is
used for shielding in any gas shielded process, it shall be
a welding grade having a dew point of —40°F [-40°C] or
lower (see AWS A5.32, Specification for Welding
Shielding Gases).

8.4.3 Prequalified Procedures for GMAW!? and
FCAW. The requirements for prequalified procedures
that are exempt from qualification testing are as follows:

10. Applies only when welding with the spray or globular
modes of metal transfer. Prequalification does not apply to
short-circuiting metal transfer.
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8.4.3.1 Electrodes shall be dry and in suitable con-
dition for use.

8.4.3.2 The maximum diameter of electrodes shall
be 1/8 in. [3 mm] for the flat and horizontal positions,
and 5/64 in. [2 mm] for the vertical and overhead
positions.

8.4.3.3 The maximum size of a fillet weld made in
one pass shall be 1/2 in. [13 mm] for the flat and vertical
positions, 3/8 in. [10 mm] for the horizontal position, and
5/16 in. [8 mm] for the overhead position.

8.4.3.4 The maximum fill pass thickness shall be
1/4 in. [6 mm]. The maximum root pass thickness shall
be 3/8 in. [10 mm] for the flat position, 5/16 in. [§ mm]
for the horizontal and overhead positions, and 1/2 in.
[13 mm] for the vertical position. The stringer bead
(split layer) technique shall also be used in making all
multipass welds (fillet or groove) when the width of the
preceding layer exceeds 5/8 in. [16 mm].

8.4.3.5 The welding conditions used shall ensure
that each pass will have complete fusion with adjacent
base metal and weld metal, and there will be no exces-
sive overlap, porosity, or undercutting.

8.4.3.6 Complete joint penetration groove welds
made without the use of steel backing shall have the root
of the first weld gouged to sound metal before the second
weld is started from the opposite side of the joint.

8.4.3.7 Backing may be used to prevent melt-
through at the roots of fillet welds and partial penetration
groove welds.

8.4.3.8 Welding with external gas shielding shall
not be done in a draft or wind having a velocity exceed-
ing five miles per hour unless the weld is protected by a
shelter. The shelter shall reduce the air velocity in the
vicinity of the welding to that necessary to avoid loss of
gas shielding.

8.5 Electroslag Welding (ESW) and Electrogas Weld-
ing (EGW)

8.5.1 General Requirements

8.5.1.1 Electroslag Welding (ESW) and electrogas
welding (EGW) of quenched and tempered steels is not
permitted unless the heat-affected zone (HAZ) and weld
are heat treated subsequent to welding to obtain the
required mechanical properties.

8.5.1.2 Prior to use, the Manufacturer shall prepare
a welding procedure specification and qualify each pro-
cedure for the process to be used in accordance with the
requirements of Section 9, Qualification. The welding
procedure specification shall include the joint details,
filler metal type and diameter, welding current and type,
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voltage, speed of vertical travel (if not an automatic
function of arc length or deposition rate), oscillation
(traverse speed, distance, and dwell time), type of shield-
ing (including flow rate and dew point of gas or type of
flux), type of molding shoe, postweld heat treatment (if
required), and other pertinent information.'!

8.5.2 Impact Test Requirements. Impact tests shall
be included in the welding procedure qualification.

8.5.2.1 Five Charpy V-notch impact test specimens
from the weld metal and five specimens from the HAZ
shall be machined from the same weld test assembly
made to determine weld joint properties.

8.5.2.2 The impact specimens shall be machined
and tested in accordance with ASTM E 23, Standard
Methods for Notched Bar Impact Testing of Metallic
Materials, or AWS B4.0 or B4.0M, Standard Methods
for Mechanical Testing of Welds, for Charpy impact
specimens.

8.5.2.3 The longitudinal centerline of the speci-
mens shall be transverse to the weld axis and shall
be located as near as practicable to a point midway
between the surface and center of thickness. The base of
the notch shall be perpendicular to the surface. The stan-
dard 0.394 in. X 0.394 in. [10 mm x 10 mm] specimen
shall be used where the thickness is 1/2 in. [13 mm] or
greater.

8.5.2.4 When computing the average value of the
impact properties, the lowest value and highest value
obtained for each set of five specimens tested shall be
disregarded.

8.5.2.5 The notched bar impact properties of the
weld metal of the remaining three specimens shall be
no less than the values in Table 11 when tested at 0°F
[-18°C].

8.5.3 All-Weld-Metal Tension Tests. Prior to use,
the fabricator shall demonstrate by appropriate tests that
each combination of shielding media and filler metal will
produce welds having the mechanical properties speci-
fied in the latest edition of AWS AS5.25 or A5.26, or as
listed in Table 12.

8.5.4 Electrodes and consumable guide tubes shall be
dry, clean, and in suitable condition for use.

11. The resistance of an electroslag or electrogas weld to cen-
terline hot cracking is related to the angle at which the dendritic
grains meet as solidification of the weld metal proceeds. This
angle is determined by the shape of the molten weld pool. Gen-
erally, if the angle is acute (<90°), the cracking resistance will
be high. See the AWS Welding Handbook, Vol. 2, Welding
Processes, Part 1, 9th Ed., pages 446—447 for more information.
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Table 11
Impact Property Requirements
at 0°F [-18°C] for Electrogas
and Electroslag Welds

Minimum
Average Minimum
Specimen Size Impact Energy  Impact Energy
in. mm ft-1b J ft-1b J
0.394x0.394 10.0x10.0 15.0 20.3 100 13.6

8.5.5 A gas or gas mixture used as shielding for elec-
trogas welding shall be of a welding grade and have a
dew point of 40°F [-40°C], or lower (see AWS A5.32).

8.5.6 The flux used for electroslag welding shall be
dry and free of contamination from dirt, mill scale, or
other foreign material. Flux from packages damaged in
transit or handling shall be discarded or dried at a mini-
mum temperature of 250°F [120°C] for one hour before
use.

8.5.7 Procedures for Electroslag and Electrogas
Welding

8.5.7.1 When an externally supplied shielding gas
is used, electrogas welding shall not be done in a draft or
wind unless the weld area is protected by a shelter. This
shelter shall be designed to reduce the wind velocity in
the vicinity of the weld to conditions where the gas
shielding is not disrupted.

8.5.7.2 The type and diameter of the electrodes
used shall meet the requirements of the welding proce-
dure specification.

8.5.7.3 Welds shall be started in such a manner as
to permit sufficient heat buildup for complete fusion of
the weld metal to the groove faces of the joint. Welds
stopped at any point in the length of the joint shall be
examined in accordance with Section 10, Weld Quality
and Inspection, and repaired if necessary.

8.5.7.4 Preheating of base metals is not normally
required. However, welding shall not be performed when
the base metal at the point of welding is below 32°F
[0°C].

8.5.7.5 Welds not meeting the quality requirements
of Section 10 shall be repaired utilizing a qualified weld-
ing process.
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Table 12
All-Weld-Metal Tension Test Requirements for Electrogas and Electroslag Welds
Minimum Tensile Strength Minimum Yield Point Minimum
Elongation,

Base Metal ksi MPa ksi MPa % in 2 in. [50 mm]
ASTM A 36 60 415 36 250 24
ASTM A 242 or A 441, thickness:

<3/4 in. [20 mm)] 70 485 50 345 22

> 3/4 in. [20 mm] to < 1-1/2 in. [40 mm] 67 460 46 315 22

> 1-1/2 in. [40 mm] to < 4 in. [100 mm)] 63 435 42 290 24

>4 in. [100 mm] to 8 in. [200 mm] 60 415 40 275 24
ASTM A 572:

Grade 42 60 415 42 290 24

Grade 45 60 415 45 310 22

Grade 50 65 450 50 345 21

Grade 55 70 485 55 380 20

Grade 60 75 515 60 415 18

Grade 65 80 550 65 450 17
ASTM A 588, thickness:

<4 in. [102 mm] 70 485 50 345 21

>4 in. [100 mm] to 5 in. [125 mm] 67 460 46 315 21

> 5in. [125 mm] to 8 in. [200 mm] 63 435 42 290 21

9. Qualification

Part A
General Requirements

9.1 Approved Procedures

9.1.1 Joint welding procedures that conform in all
respects to the provisions of Section 4, Base Metals; Sec-
tion 6, Weld Joint Design; Section 7, Workmanship; and
Section 8, Processes and Filler Metals, shall be deemed
prequalified and are exempt from tests or qualifications,
except that all groove and fillet weld procedures for weld
metal and base metal with a minimum specified yield
strength of 90 ksi [620 MPa] or higher shall be qualified
prior to use by tests as prescribed in 9.2 of this section to
the satisfaction of the Engineer.

Note: The use of a prequalified joint welding proce-
dure is not intended as a substitute for engineering judg-
ment in the suitability of application of these joint
welding procedures to a welded assembly or connection.

9.1.2 All prequalified joint welding procedure specifi-
cations (WPS) to be used shall be prepared by the Manu-
facturer, fabricator, or contractor, be in writing and
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signed by an authorized individual, and be available to
those authorized to examine them. A suggested form
showing the information required in a welding procedure
specification is shown in Annex A. The welding parame-
ters set forth in (1) through (4) of this subsection shall be
specified on the written welding procedure specifications
within the limitations of variables prescribed in 9.5 for
each applicable process. Changes in these parameters,
beyond those specified on the written welding procedure
specification, shall be considered essential changes and
shall require a new or revised written prequalified weld-
ing procedure specification.

(1) Amperage (wire feed speed),

(2) Voltage,

(3) Travel Speed, and

(4) Shielding Gas Flow Rate.

9.1.3 A combination of qualified or prequalified joint
welding procedures may be used without requalification,
provided the limitations of essential variables applicable
to each process are observed. This combination of joint
welding procedures shall be written as a single welding
procedure specification.

9.1.4 Procedures previously qualified under earlier
editions of this specification, AWS DI1.1, Structural
Welding Code—Steel, AWS B2.1, Specification for
Welding Procedure and Performance Qualification, or
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Section IX of the ASME Boiler and Pressure Vessel
Code for equivalent welding shall be acceptable under
this specification, subject to the limitations of variables
in Section 9. In addition, Standard Welding Procedure
Specifications (WPSs) published by the AWS Commit-
tee on Welding Qualification are acceptable, subject to
the limitations of variables in Section 9. New qualifica-
tions shall be made in accordance with the requirements
of this specification, or the latest edition of B2.1, subject
to the limitations of variables in Section 9.

9.2 Other Procedures. Except for those procedures
exempted in 9.1.1, joint welding procedures that are
employed in executing contract work under this specifi-
cation shall be qualified prior to use by tests as pre-
scribed in Part B of this section to the satisfaction of both
the Owner’s appointed representative and the Manufac-
turer’s designated representative responsible for weld-
ing. The Owner’s appointed representative should accept
evidence of previous qualification of any joint welding
procedures to be employed.

9.3 Welders, Welding Operators, and Tack Welders

9.3.1 All welders, welding operators, and tack weld-
ers to be employed to weld under this specification shall
have been qualified by tests as prescribed in Parts C, D,
and E, respectively, of this section or by AWS B2.1.
Owner’s representatives, at their discretion, should
accept evidence of previous qualification (to other indus-
try-recognized codes or specifications) of the welders,
welding operators, and tack welders to be employed. A
suggested form showing the information required is
shown in Annex A.

9.3.2 Radiographic examination of a welder’s or
welding operator’s qualification test plate, or test pipe,
may be made in lieu of the guided bend test prescribed in
Parts C and D of this section.

9.4 Qualification Responsibility. Each Manufacturer or
contractor shall conduct the tests required by this specifi-
cation to qualify the welding procedures and the welders,
welding operators, and tack welders who will use these
procedures.

Part B
Procedure Qualification

9.5 Qualification of Welding Procedures. To qualify a
welding procedure by test weldments, the Manufacturer
shall choose testing according to 9.6 through 9.14 or
prototype testing according to 9.5.3.
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9.5.1 The following rules apply when it is necessary
to establish a welding procedure by qualification as
required by 9.2 or the contract specifications, and the
procedure shall be recorded by the Manufacturer as a
welding procedure specification.

9.5.1.1 Qualification of a welding procedure using
a steel that is listed in Table 1, but not in 9.5.1.2, and has
a minimum specified yield point of less than 50 ksi
[345 MPa] shall qualify the procedure for welding any
other steel or combination of steels listed in the table that
have a minimum specified yield point equal to or less
than that of the base metal used in the test.

9.5.1.2 Qualification of a welding procedure estab-
lished with ASTM A 131, Grades AH, DH, or EH; A
515; A 537, Class 1; A 572, Grade 42 through 50; or API
5LX, Grade 42 shall be considered as procedure qualifi-
cation for welding any other steel or combination of
steels in this group, or other steels included in Table 1
that have a lower minimum specified yield point.

9.5.1.3 Qualification of a welding procedure estab-
lished with a base metal included in Section 4, Base
Metals, and having a minimum specified yield strength
greater than 50 ksi [345 MPa] shall qualify the procedure
for welding only base metals of the same material speci-
fication and grade or type that have the same minimum
specified yield strength as the base metal tested, the per-
mitted reduction in yield strength for increased material
thickness being excepted. For example, a procedure
qualified with a 1 in. [25 mm] thick, 100 ksi [690 MPa]
yield strength base metal also qualifies for a 3 in.
[75 mm] thick, 90 ksi [620 MPa] yield strength base
metal of the same material specification.

9.5.1.4 Qualification of a welding procedure estab-
lished with a combination of base metals included in
Table 1 of different minimum specified yield strengths,
one of which is greater than 50 ksi [345 MPa], shall qual-
ify the procedure for welding that high yield strength
base metal to any other of those base metals that have a
minimum specified yield strength equal to or less than
that of the lower strength base metal used in the test.

9.5.1.5 The variables listed in 9.5.2 are essential
variables of a joint welding procedure. In preparing the
procedure qualification record and the welding proce-
dure specification, the Manufacturer or contractor shall
report the specific values for the essential variables in
9.5.2. The suggested form for showing the information
required is shown in Annex A.

9.5.2 Limitations of Variables. The changes set forth
in 9.5.2.1 through 9.5.2.5 shall be considered essential
changes in a welding procedure. Any changes exceeding
the limitations thereof shall require establishment of a
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new procedure incorporating those changes by qualifica-
tion. When a combination of welding processes is used,
the variables applicable to each process shall apply.

9.5.2.1 Shielded Metal Arc Welding (SMAW). A
change in any of the following variables requires requali-
fication of the WPS:

(1) A change increasing filler metal strength levels
(for example, a change from E70XX(-X) to ES0XX-X,
but not vice versa).

(2) A change from a low-hydrogen electrode to a
non-low-hydrogen electrode, but not vice versa.

(3) An increase in the diameter of the electrode used
over that called for in the welding procedure specifica-
tion.

(4) A change of more than 15% above or below the
specified mean arc voltage or amperage for each size
electrode used.?

(5) For a specified welding groove, a change of more
than £25% in the specified number of passes. If the area
of the groove is changed, it is also permissible to change
the number of passes in proportion to the change in area.

(6) A change in position in which welding is done, as
defined in 9.8.

(7) For a change in groove type:

(a) A change in the type of groove (a change
from a V-groove to U-groove for example), except quali-
fication of a complete joint penetration groove weld
qualifies for any groove detail which complies with the
requirements of 6.10.1.

(b) A change in the type of groove to a square-
groove or vice versa.

(8) A change in the shape of any one type of groove
exceeding the tolerances given in Section 6, Weld Joint
Design, involving the following:

(a) A decrease in the included angle of the
groove.

(b) A decrease in the root opening of the groove.

(c) An increase in the root face of the groove.

(d) The omission, but not inclusion, of backing
material.

(9) A decrease of more than 25°F [15°C] in the mini-

mum specified preheat or interpass temperature.

(10) In vertical welding, a change in the progression
specified for any pass from upward to downward, or vice
versa.

(11) The omission, but not the inclusion, of backgouging.

(12) The addition or deletion of postweld heat treatment.

12. When welding quenched and tempered steel, any change
within the limitation of variables shall not increase the heat
input beyond the steel producer’s recommendations.
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9.5.2.2 Submerged Arc Welding (SAW)

(1) A change in the electrode-flux combination not
covered by AWS A5.17 or A5.23.

(2) A change increasing the filler metal strength level
(for example, from 80 ksi [550 MPa] to 90 ksi
[620 MPa], but not vice versa).

(3) A change in electrode diameter when using an
active or alloy flux.!3

(4) A change in the number of electrodes used.

(5) A change in the type of current (ac or dc) or
polarity when welding quenched and tempered steel, or
when using an active or alloy flux.!3

(6) A change of more than 10% above or below the
specified mean amperage or wire feed speed for each
electrode diameter used.!?

(7) A change of more than 7% above or below the
specified mean arc voltage for each diameter electrode
used.?

(8) A change of more than 15% above or below the
specified mean travel speed. 2

(9) A change of more than 10%, or 1/8 in. [3 mm],
whichever is greater, in the longitudinal spacing of mul-
tiple arcs.

(10) A change of more than 10%, or 1/16 in. [2 mm],
whichever is greater, in the lateral spacing of multiple
arcs.

(11) A change of more than +10° in the angular posi-
tion of any parallel electrode.

(12) A change in the angle of electrodes in machine or
automatic welding of more than:

(a) %3° in the direction of travel.

(b) +5° normal to the direction of travel.

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

(14) A change in position in which welding is done as
defined in 9.8.

(15) For a change in groove type:

(a) A change in the type of groove (a change
from a V-groove to U-groove for example), except quali-
fication of a complete joint penetration groove weld
qualifies for any groove detail which complies with the
requirements of 6.10.1.

(b) A change in the type of groove to a square-
groove or vice versa.

(16) A change exceeding the tolerance of Section 6,
Weld Joint Design, in the shape of any one type of
groove involving.

13. Active and alloy fluxes are voltage dependent. AWS
AS5.17/A5.17M-97, Annex A6 contains more complete descrip-
tions of these fluxes and their applications.
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(a) A decrease in the included angle of the
groove.

(b) A decrease in the root opening of the groove.

(c) An increase in the root face of the groove.

(d) The omission, but not inclusion, of backing
material.

(17) A decrease of more than 25°F [15°C] in the mini-
mum specified preheat or interpass temperature.

(18) An increase in the diameter of the electrode used
over that called for in the welding procedure specifica-
tion.

(19) The addition or deletion of supplemental pow-
dered, granular, or cut wire filler metal.

(20) An increase in the amount of supplemental pow-
dered, granular, or cut wire filler metal.

(21) If the alloy content of the weld metal is largely
dependent on the composition of supplemental powdered
filler metal, any change in the joint welding procedure
that would result in the content of important alloying ele-
ments in the weld metal not meeting the chemical
requirements given in the welding procedure specification.

(22) The omission, but not the inclusion, of backgouging.

(23) The addition or deletion of postweld heat
treatment.

9.5.2.3 Gas Metal Arc Welding (GMAW). A
change in any of the following variables requires requali-
fication of the WPS:

(1) A change in the electrode and method of shield-
ing not covered by AWS A5.18 or AWS A5.28.

(2) A change in filler metal to one of higher strength
level, but not vice versa (for example, ER70S-X to
ER80S-X).

(3) A change in electrode diameter.

(4) A change in the number of electrodes used.

(5) A change from a single shielding gas to any other
single gas or to a mixture of gases, or a change in speci-
fied composition of a gas mixture not covered by AWS
AS5.18 or AWS AS5.28.

(6) A change of more than 10% above or below the
specified mean amperage or wire feed speed for each
diameter electrode used.!?

(7) A change of more than 7% above or below the
specified mean arc voltage for each diameter electrode
used.?

(8) A change of more than 10% above or below the
specified mean travel speed.!?

(9) An increase of 25% or more or a decrease of 10%
or more in the flow rate of the shielding gas.

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

(11) A change in the position in which welding is done
as defined in 9.8.
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(12) For a change in groove type:

(a) A change in the type of groove (a change
from a V-groove to U-groove for example), except quali-
fication of a complete joint penetration groove weld
qualifies for any groove detail which complies with the
requirements of 6.10.1.

(b) A change in the type of groove to a square-
groove or vice versa.

(13) A change exceeding the tolerance of Section 6,
Weld Joint Design in the shape of any type of groove
involving:

(a) A decrease in the included angle.

(b) A decrease in the root opening.

(¢) An increase in the root face.

(d) The omission, but not inclusion, of backing
material.

(14) A decrease of more than 25°F [15°C] in the mini-
mum specified preheat or interpass temperature.

(15) In vertical welding, a change in the progression
specified for any pass from upward to downward, or vice
versa.

(16) A change in type of welding current (ac or dc),
polarity, or mode of metal transfer across the arc.

(17) The omission, but not the inclusion, of backgouging.

(18) The addition or deletion of postweld heat treatment.

(19) When required, an increase of more than 10% in
the heat input (combination of travel speed, current and
voltage).

9.5.2.4 Flux Cored Arc Welding (FCAW). A
change in any of the following variables requires requali-
fication of the WPS:

(1) A change in the electrode and method of shield-
ing not covered by AWS A5.20 or AWS A5.29.

(2) A change increasing the filler metal strength level
(for example, from E70T-X to E80TX-X, but not vice
versa).

(3) An increase in the diameter of electrode used over
that called for in the welding procedure specification.

(4) A change in the number of electrodes used.

(5) A change from a single shielding gas to any other
single gas or to a mixture of gases, or a change in the
specified composition of a gas mixture not covered by
AWS A5.20 or AWS A5.29.

(6) A change of more than 10% above or below the
specified mean amperage or wire feed speed for each
size of electrode used.!?

(7) A change of more than 7% above or below the
specified mean arc voltage for each size of electrode
used.!?

(8) A change of more than 10% above or below the
specified mean travel speed.!?

(9) An increase of 25% or more or a decrease of 10%
or more, in the rate of flow of shielding gas.
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(10) For a specified groove, a change of more than
+25% in the specified number of passes. If the area of
the groove is changed, it is permissible to change the
number of passes in proportion to the change in area.

(11) A change in the position in which welding is done,
as defined in 9.8.

(12) For a change in groove type:

(a) A change in the type of groove (a change
from a V-groove to U-groove for example), except quali-
fication of a complete joint penetration groove weld
qualifies for any groove detail which complies with the
requirements of 6.10.1.

(b) A change in the type of groove to a square-
groove or vice versa.

(13) A change exceeding the tolerance of Section 6,
Weld Joint Design, in the shape of any type of groove
involving:

(a) A decrease in the included angle.

(b) A decrease in the root opening.

(¢) An increase in the root face.

(d) The omission, but not inclusion, of backing
material.

(14) A decrease of more than 25°F [15°C] in the mini-
mum specified preheat or interpass temperature.

(15) In vertical welding, a change in the progression
specified for any pass from upward to downward, or vice
versa.

(16) A change in type of welding current (ac or dc),
polarity, or mode of metal transfer across the arc.

(17) The omission, but not the inclusion, of backgouging.

(18) The addition or deletion of postweld heat treatment.

(19) When required, an increase of more than 10% in
the heat input (combination of travel speed, current and
voltage).

9.5.2.5 Electroslag Welding (ESW) and Electro-
gas Welding (EGW). A change in any of the following
variables requires requalification of the WPS:

(1) A change in filler metal or consumable guide tube
metal composition.

(2) A change in the metal core cross-sectional area of
the consumable guide tube exceeding 30%.

(3) A change in flux system (cored, magnetic elec-
trode, external flux, etc.).

(4) A change in flux composition, including consum-
able guide tube covering.

(5) A change in shielding gas composition by a
change in flow of any one constituent of a mixture by
more than 5% of the total gas flow.

(6) A change either in welding current exceeding
20% or a change in wire feed speed exceeding 40%.

(7) A change in groove design, other than a square-
groove, that increases the groove cross-sectional area.
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(8) A change in joint thickness (T) outside the limits
of 0.5T to 1.1T where T is the thickness used for the
procedure qualification.

(9) A change in number of electrodes.

(10) A change from single-to multiple-pass, or vice
versa.

(11) A change to a combination with any other welding
process or method.

(12) A change in postweld heat treatment.

(13) A change in design of molding shoes, either fixed
or movable, from nonfusing solid to water-cooled, or
vice versa.

(14) A change exceeding 1/32 in. [1 mm] in filler metal
diameter.

(15) A change exceeding 10 in./min [4 mm/s] in filler
metal oscillation traverse speed.

(16) A change in filler metal oscillation traverse dwell
time exceeding 2 seconds, except as necessary to com-
pensate for variation in the joint opening.

(17) A change in filler metal oscillation traverse length
that affects, by more than 1/8 in. [3 mm)], the proximity
of filler metal to the molding shoes.

(18) A change in flux burden exceeding 30%.

(19) A change in shielding gas flow rate exceeding
25%.

(20) A change in design of molding shoes, either fixed
or movable, as follows:

(a) Metallic to nonmetallic, or vice versa.

(b) Nonfusing to fusing, or vice versa.

(c) A reduction in any cross-sectional dimension
or area of solid nonfusing shoe exceeding 25%.

(21) A change in welding position from the qualified
verticality by more than 10°.

(22) A change of welding current from ac to dc, or vice
versa, or a change in electrode polarity for direct current.

(23) A change in welding power volt-ampere charac-
teristics from constant voltage to constant current, or
vice versa.

(24) A change in welding voltage exceeding 10%.

(25) A change exceeding 1/4 in. [6 mm] in the root
opening of a square-groove weld.

(26) A change in groove design that reduces the cross-
sectional area.

(27) A change in speed of vertical travel, if not an auto-
matic function of arc length or deposition rate, exceeding
20% except as necessary to compensate for variation in
joint opening.

9.5.3 Prototype Testing

9.5.3.1 With prior agreement between the Owner
and the Manufacturer, welding procedures may be quali-
fied by utilizing prototype structures or components that
comply with the minimum performance criteria as follows:

Not for Resale



(1) Simulated service tests of a welded assembly or a
mockup of the welded joint. The simulated service test
shall include impact loading, loading in bending, static
loading, or fatigue testing to duplicate the type of loading
the joint will be subjected to in service.

(2) A field test of the welded assembly on a machine
loaded and performing the work for which it was
designed.

9.5.3.2 For simulated service or field tests, the
following shall be documented and recorded:

(1) The weldment drawing to which the test part or
assembly was made.

(2) The material specifications of all items included
in the assembly.

(3) The detailed welding procedure employed includ-
ing welding process, filler metal, joint preparation, pre-
heat, welding conditions, and sequence of weld passes
(see Annex A).

(4) The type of loading applied, direction, and mag-
nitude of forces (by calculation or instrumentation), fre-
quency and total number of applications, or specific
duration of the test.

(5) The results of visual examination and nondestruc-
tive testing of all welded joints subjected to loading in
the test.

(6) The results of destructive tests of weldments.

9.5.3.3 The welding procedure employed for the
test assembly shall be considered qualified provided the
following are met:

(1) Visual and any required nondestructive examina-
tions, prior to test, meet the requirements of Section 10,
Weld Quality and Inspection.

(2) Specified examinations conducted after test as-
sure performance criteria are met.

9.5.3.4 A test assembly welding procedure shall be
requalified when a change in an essential variable
exceeds the limits for the welding process (see 9.5.2.1
through 9.5.2.5).

9.6 Types of Tests and Purposes. The tests that are used
to determine the mechanical properties and soundness of
welded joints made to qualify a welding procedure are as
follows:

9.6.1 Groove Welds. The tests for groove welds are
as follows:

(1) Reduced-section tension test for tensile strength,

(2) Root-, face-, and side-bend tests for soundness,

(3) Radiographic test for soundness,

(4) Ultrasonic test for soundness,

(5) All-weld-metal tension test
properties,

(6) Impact test for toughness, and

for mechanical
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(7) Macroetch test for soundness and weld size in
partial joint penetration groove welds.

9.6.2 Fillet Welds. Fillet welds should be macroetch
tested for soundness and fusion.

9.7 Base Metal. The base metal and the preparation for
welding shall be that specified in the procedure specifi-
cation being qualified. For all types of welded joints, the
length of the welded joint and dimensions of the base
metal shall provide sufficient material for the required
test specimens.

9.8 Position of Test Welds

9.8.1 All welds that will be encountered in actual con-
struction shall be classified as flat, horizontal, vertical, or
overhead. Welding position limitations for procedure
qualification are shown in Table 13.

9.8.2 Plate Groove Weld Tests. When making tests
to qualify welding procedures for groove welds in plate,
test plates shall be welded in each of the positions to be
qualified as follows:

(1) Position 1G (flat)—The test plates shall be placed
in an approximately horizontal plane and the weld metal
deposited on the upper side. See Figure 11(A).

(2) Position 2G (horizontal)—The test plates shall be
placed in an approximately vertical plane with the
groove approximately horizontal. See Figure 11(B).

(3) Position 3G (vertical)—The test plates shall be
placed in an approximately vertical plane with the
groove approximately vertical. See Figure 11(C).

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

9.8.3 Pipe Groove Weld Tests. When making tests to
qualify welding procedures for groove welds in pipe, test
pipes shall be welded in each of the positions to be quali-
fied as follows:

(1) Position 1G (pipe horizontal, rolled)—The test
pipe shall be placed with its axis horizontal and the
groove approximately vertical. The pipe shall be rotated
during welding so the weld metal is deposited on the
upper side. See Figure 12(A).

(2) Position 2G (pipe vertical)—The test pipe shall
be placed with its axis vertical to the welding groove
approximately horizontal. The pipe shall not be rotated
during welding. See Figure 12(B).

(3) Position 5G (pipe horizontal, fixed)—The test
pipe shall be placed with its axis horizontal and the
groove approximately vertical. The pipe is not rotated
during welding. See Figure 12(C).
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Table 13
Procedure Qualification—Type and Position Limitations (see 9.10.5)

Type of Weld and Position of Welding Qualified "

Qualification Test Plate® Pipe®
Weld Type Plate or Pipe Positions® Groove Fillet Groove Fillet
1G F F F F
Plate-groove 2G H F.H F.H F.H
) 3G \Y% \Y%
4G OH OH
IF F F,
) 2F F,H F,.H
Plate-fillet 3F v v
4F OH OH
1G Rotated F F F F
Pipe-groove 2G F,H F.H F,H F,H
pe-g 5G F,V,OH F,V,OH F,V, OH F,V, OH
6G@ F,H, V, OH F,H,V, OH F,H,V, OH F,H, V,OH

Notes:

(1) Positions of welding: F = flat, H = horizontal, V = vertical, OH = overhead.

(2) Qualifies for a welding axis with an essentially straight line and specifically includes plates, wrought shapes, fabricated sections, and rectangular
fabricated sections and pipe or tubing over 24 in. [600 mm] minimum in diameter, except for complete joint penetration welds in tubular T-, Y-,
and K-connections. This includes welding along a line parallel to the axis of round pipe.

(3) See Figures 11, 12, and 13.

(4) Qualifies for fillet and groove welds in all positions except for complete joint penetration groove welding of T-, Y-, and K-connections.

(4) Position 6G (pipe inclined, fixed)—The test pipe Note: There are no provisions for separate tests to
shall be inclined at 45° with the horizontal. The pipe is qualify welding procedures for pipe fillet welds. Pipe
not rotated during welding. See Figure 12(D). groove weld tests will qualify welding procedures for

pipe fillet welds.

9.8.4 Fillet Weld Tests. When making tests to qualify
welding procedures for fillet welds, test plates shall be 9.9 Joint Welding Procedure

Ided i h of th itions to b lified as follows:
weldec in cact of The posttions fo be quattied as ToTlows 9.9.1 The procedure for welding a joint shall comply

(1) Position 1F (flat)—The test plates shall be so in all respects with the welding procedure specification.
placed that each fillet weld is deposited with its axis and
face approximately horizontal, and its throat approxi- 9.9.2 Cleaning during the welding of test weld shall
mately vertical. See Figure 13(A). be done in the welding position being qualified.

(2) Position 2F (horizontal)—The test plates shall be
so placed that each fillet weld is deposited on the upper
side of a horizontal surface and against a vertical surface. 9.10.1 Complete Joint Penetration Groove Welds
See Figure 13(B).

(3) Position 3F (vertical)—The test plates shall be
placed in an approximately vertical plane, and each fillet
weld deposited on vertical surfaces with the axis of the
weld vertical. See Figure 13(C).

(4) Position 4F (overhead)—The test plates shall be
so placed that each fillet weld is deposited on the under-
side of a horizontal surface and against a vertical surface. 9.10.1.2 Test specimens to qualify groove welds in
See Figure 13(D). T-joints or corner joints shall be butt joints having the

9.10 Test Specimens

9.10.1.1 The type and number of test specimens
that shall be tested to qualify a welding procedure are
shown in Table 14, together with the range of thickness
that is qualified for use in construction. The range is
based on the thickness of the test plate, pipe, or tubing
used in making the qualification test.
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PLATES HORIZONTAL

(A) TEST POSITION 1G
(FLAT)

—

PLATES VERTICAL;
AXIS OF WELD
VERTICAL

—

z‘/

\/

(C) TEST POSITION 3G
(VERTICAL)
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PLATES VERTICAL;
AXIS OF WELD
HORIZONTAL

N

(B) TEST POSITION 2G
(HORIZONTAL)

PLATES HORIZONTAL

(D) TEST POSITION 4G
(OVERHEAD)

Figure 11—Positions of Test Plates for Groove Welds

same groove configurations as the T-joints or corner
joints to be used in construction.

9.10.1.3 Nondestructive Testing. Procedure qual-
ification test plates, pipe or tubing (Figures 14A through
14E) shall be radiographically or ultrasonically exam-
ined for soundness before preparing the required
mechanical test specimens. Radiographic or ultrasonic
testing shall apply only to that portion of the weld in test
plates between the discard strips, except that a minimum
of 6 in. [150 mm] of effective weld length shall be exam-
ined. The full circumference of a completed weld in pipe
or tubing shall be examined. The welding procedure is
unacceptable if the test results do not conform to the
requirements of 9.12.
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9.10.1.4 Mechanical Testing. Test specimens shall
be prepared by cutting the welded test plate, pipe, or tub-
ing as shown in Figures 14A through 14E, whichever is
applicable. The specimens shall be prepared for testing in
accordance with Figures 15A through 15D, as applicable.

9.10.1.5 When material combinations differ mark-
edly in mechanical bending properties, as between two
base materials or between the weld metal and the base
metal, longitudinal bend tests (face and root) may be
used in lieu of the transverse face- and root-bend tests.
The welded test assemblies conforming to 9.10.1.3 shall
have test specimens prepared by cutting the test plate as
shown in Figures 14D or 14E, whichever is applicable.
The test specimens for the longitudinal bend test shall be
prepared for testing as shown in Figure 15C.
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15° WELD FLAT (+15°). DEPOSIT
150 FILLER METAL AT OR NEAR THE TOP.

(A) TEST POSITION 1G
(PIPE HORIZONTAL AND ROTATED) ‘

D
<

WELD HORIZONTAL (+15°).

«
A

(B) TEST POSITION 2G 150 150
15° 15° (PIPE OR TUBE VERTICAL AND FIXED)

150 - 15°
15° 15°

WELD FLAT, VERTICAL, OVERHEAD.

(C) TEST POSITION 5G
(PIPE ORTUBE HORIZONTAL (+ 15°) AND FIXED)

45° £5°

(D) TEST POSITION 6G
(PIPE INCLINED (45° = 5°) AND FIXED)

Figure 12—Positions of Test Pipe or Tubing for Groove Welds
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AXIS OF WELD
THROAT OF WELD HORIZONTAL

VERTICAL

—
—
—
—

(A) TEST POSITION 1F
(FLAT)

AXIS OF WELD VERTICAL

NU
LT T

(C) TEST POSITION 3F
(VERTICAL)

AXIS OF WELD _ _
HORIZONTAL ~

AXIS OF WELD
HORIZONTAL
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NOTE: ONE PLATE MUST BE HORIZONTAL

(B) TEST POSITION 2F
(HORIZONTAL)

NOTE: ONE PLATE MUST BE HORIZONTAL

(D) TEST POSITION 4F
(OVERHEAD)

Figure 13—Positions of Test Plates for Fillet Welds

9.10.2 Partial Joint Penetration Groove Welds

9.10.2.1 A sample weld shall be made using the
type of groove design and joint welding procedure to be
used in construction, except that the depth of groove
need not exceed 1 in. [25 mm)]. If the partial joint pene-
tration groove weld is to be used for corner or T-joints,
the butt joint shall have a temporary restrictive plate in
the plane of the square face to simulate a T-joint configu-
ration. The sample weld shall first be visually examined
to 9.12.7 and, if applicable, further examined as follows:

9.10.2.2 For joint welding procedures which con-
form in all respects to Sections 7 (Workmanship) and 8
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(Processes and Filler Metals), three macroetch cross sec-
tion specimens shall be prepared to demonstrate that the
designated effective throat (obtained from the require-
ments of the procedure specification) is met.

9.10.2.3 When a joint welding procedure has been
qualified for a complete joint penetration groove weld
and is applied to the welding conditions of a partial joint
penetration groove weld, three macroetch cross section
test specimens are required.

9.10.2.4 If a joint welding procedure is not covered
by either 9.10.2.2 or 9.10.2.3, or if the welding variables
do not meet a prequalified status or have not been used
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Table 14
Number and Type of Test Specimens and Range of Thickness Qualified—
Procedure Qualification; Complete Joint Penetration Groove Welds

1. Tests on Plate

Test Specimens Required
Reduced-
Section Root Face Side
Tension Bend Bend Bend Plate Thickness (T)
Plate Thickness (T) Number of Sample (see Fig. | (see Fig. | (see Fig. | (see Fig. Qualified, in. [mm)]
Tested, in. [mm] Welds per Position | NDT® 17A) 17C) 17C) 17D) Maximum®
1/8 [2] £ T < 3/8 [10] 1 Yes 2 2 2 — 1/8 [3] to 2T
3/8 [10] 1 Yes 2 2 2 — 3/4 [20]
3/8 [10]<T<1[25] 1 Yes 2 — — 4 2T
>11[25] 1 Yes 2 — — 4 Unlimited

Notes:

(1) A minimum of 6 in. [150 mm)] of effective weld length shall be examined by radiographic or ultrasonic testing prior to mechanical testing.
(2) For square groove welds, qualification shall be limited to thickness tested.

General Note: All welded test plates shall be visually inspected (see 9.12.7).

2. Tests on Pipe or Tubing

Pipe Size of Test Specimens Required Pipe or Tube Size Qualified
Sample Weld Number of Specimens Wall Thickness, in. [mm]
Reduced-
Number Section Root Face Side
of Sample Tension Bend Bend Bend
Diameter Wall Welds per (see Fig. | (see Fig. | (see Fig. | (see Fig. | Diameter,
in. [mm] | Thickness Position | NDT® 17A) 17C) 17C) 17D) in. [mm] Min Max
2 [50] Sch. 80 3/4 120]
or 2 Yes 2 2 2 — through | 0.125[3] | 0.674 [17]
3[75] Sch. 40 4 1100]
6 [150] Sch. 120 4 1100]
or 1 Yes 2 — — 4 and 0.187 [5] Any
8 [200] Sch. 80 over
Job Size Pipe or Tubing
Wall
Diameter| Thickness,
in. [ mm] | T, in. [mm]
Test
1/8<T<3/8 .
[3<T<10] 1 Yes 2 2 2 — diameter 1/8 [3] 2T
and over
<24 |3/8<T<3/4 Test
[600] |[10<T < 20] 1 Yes 2 — — 4 diameter T2 2T
and over
Test 1375
T > 3/4 [20] 1 Yes 2 — — 4 diameter ['] 0] Unlimited
and over
Test
1/8<T<3/8 .
[3<T<10] 1 Yes 2 2 2 — diameter 1/8 [3] 2T
and over
>24 [3/8<T<3/4 24 [600]
[600] |[10<T<20]| ! Yes 2 - - 4 | andover | TP 2T
T>3/4 20] 1 Yes 2 _ _ 4 | 241600110375 5 kiced
and over [10]

Notes:

(3) For pipe or tubing, the full circumference of the completed weld shall be examined by radiographic or ultrasonic testing prior to mechanical testing.

General Note: All welded test pipes or tubing shall be visually inspected (see 9.12.6).
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Table 14 (Continued)
Number and Type of Test Specimens and Range of Thickness Qualified—
Procedure Qualification; Complete Joint Penetration Groove Welds

3. Tests on Electroslag and Electrogas Welding

Test Specimens Required

Reduced- | All-Weld
Section Metal Side
Tension | Tension Bend Impact
Plate Thickness (T) Number of (see Fig. | (see Fig. | (see Fig. | Tests®® | Plate Thickness (T)
Tested, in. [mm] Sample Welds NDT® 17A) 17B) 17D) |(see 8.5.2) Qualified
T® 1 Yes 2 1 4 5 0.5T-1.1T

Notes:

(4) 6 in. [150 mm] minimum length of weld shall be examined by radiographic or ultrasonic testing prior to mechanical testing (see 9.10.1.3).
(5) If required.

(6) T is the test plate thickness.

General Note: All welded test plates shall be visually inspected (see 9.12.7).

TOP OF PIPE FOR 5G
AND 6G POSITIONS

TOP OF PIPE FOR 5G
AND 6G POSITIONS

FACE
FACE BEND
BEND
_I_
ROOT
BEND
ROOT
BEND
TENSION SPECIMENS BEND SPECIMENS

Figure 14A—Location of Test Specimens on Welded Test Pipe
2 in. [50 mm] or 3 in. [75 mm] in Diameter

TOP OF PIPE FOR 5G
AND 6G POSITIONS

TENSION

SIDE SIDE BEND
BEND

*
SIDE SIDE BEND
BEND TENSION

Figure 14B—Location of Test Specimens on Welded Test Pipe
6 in. [150 mm] or 8 in. [200 mm] in Diameter
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-+— DIRECTION OF ROLLING—»

1 1
DISCARD THIS PIECE

WPRGT SPECHENS

f——
=

\ /

TENSION SPECIMEN
/7 N\

7 \

24 in.
[600 mm]
MINIMUM

EXTENSIONS NEED NOT
BE USED IF THE JOINT

IS OF SUFFICIENT LENGTH
TO PROVIDE 19 in. [475 mm]
OF SOUND WELD EXCLUSIVE
OF RETESTS.

DISCAFED THIS. PIECE

le—— 121in.
[300 mm]
MINIMUM

12in. ————
[300 mm]
MINIMUM +

T/2 FOR T < 3/4 in. [20 mm]

/

|
I
|
=

PN

o T/4 FORT > OVER 3/4 in.

[20 mm], OR AS NEAR
T AS PRACTICALTO T/4

THE GROOVE CONFIGURATION SHOWN IS FOR ILLUSTRATION ONLY.
THE GROOVE SHAPE USED SHALL CONFORM TO THAT BEING QUALIFIED.

Figure 14C—Location of Test Specimens on Welded Test Plate—
Electroslag and Electrogas Welding—Procedure Qualification

and tested for a complete joint penetration groove weld,
then a test sample joint shall be prepared. The first test
on the joint is a macroetch test to determine the effective
throat of the weld. Next, material is machined from the
bottom side of the joint until its thickness is equal to the
effective throat of the weld. Tension and bend test speci-
mens shall then be prepared from the test joint, and tests
performed as required for complete joint penetration
groove welds (see 9.10.1).

9.10.3 Fillet Welds. A T-shaped specimen with a
double fillet weld, as shown in Figure 16, shall be made
for each welding procedure and welding position to be
used in construction. One of the test welds shall be the
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maximum size single-pass fillet weld, and the other test
weld shall be the minimum size multiple-pass fillet weld
to be used in construction. The weldments shall be cut
perpendicular to the direction of welding at three loca-
tions, as shown in Figure 16. One face of each of the
three cuts shall be prepared for macroetch examination in
accordance with 9.11.2.

9.10.4 Test specimens may be aged between 200°F
and 225°F [95°C and 105°C] for 46 to 50 hours when
required or permitted by the filler metal specification
applicable to the weld metal being tested.

9.10.5 Qualification on pipe shall also qualify for
plate, but not vice versa. One exception is that qualifica-
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WHEN IMPACT TESTS ARE REQUIRED, THE SPECIMENS SHALL BE
REMOVED FROM THEIR LOCATIONS, AS SHOWN IN FIGURE 17C.

(1) LONGITUDINAL BEND SPECIMENS

e

(2) TRANSVERSE BEND SPECIMENS

A/
\ /
\//

4

THE GROOVE CONFIGURATION SHOWN IS FOR ILLUSTRATION ONLY.
THE GROOVE SHAPE USED SHALL CONFORM TO THAT BEING QUALIFIED.

Figure 14D—Location of Test Specimens on Welded Test Plate
Over 3/8 in. [10 mm] Thick—Procedure Qualification

tion on plate in the 1G (flat) or 2G (horizontal) positions
shall qualify for welding groove welds and fillet welds in
pipe or tubing that is over 24 in. [600 mm] in diameter.
Welding position limitations for procedure qualification
are shown in Table 13.

9.11 Method of Testing Specimens

9.11.1 Reduced-Section Tension Specimens. Before
testing, the least width and corresponding thickness of
the reduced section shall be measured. The initial cross-

49

sectional area shall be obtained by multiplying this width
by the thickness. The specimen shall be ruptured under
tensile load, and the maximum load shall be determined.
The tensile strength shall be obtained by dividing the
maximum load by the initial cross-sectional area.

9.11.2 Macroetch Test. The weld test specimens
shall be prepared with a finish suitable for macroetch
examination. A suitable macroetch solution (such as
hot ammonium persulfate) shall be used for etching to
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THE GROOVE CONFIGURATION SHOWN IS FOR ILLUSTRATION ONLY.
THE GROOVE SHAPE USED SHALL CONFORM TO THAT BEING QUALIFIED.

accentuate the

Figure 14E—Location of Test Specimens on Welded Test Plate
3/8 in. [10 mm] Thick and Under—Procedure Qualification

gross structure of the weld and any

exposed internal discontinuities.

9.11.3 Root-,

Face-, and Side-Bend Specimens

9.11.3.1 Each specimen shall be bent in a guided
bend test jig. Any convenient means may be used to
complete the bend test (see 9.27.1).

9.11.3.2 Face-bend specimens shall be oriented so

that the face of

Copyright American Welding Society
Provided by IHS under license with AWS

No reproduction or networking permitted without license from IHS

the weld will be in tension. Root-bend

50

and fillet-weld-soundness specimens shall be oriented so
that the root of the weld will be in tension. Side-bend
specimens shall be oriented so that the side showing the
larger discontinuity, if any, will be in tension.

9.11.3.3 The specimen shall be formed into a U-
shape. The weld and heat-affected zones shall be
centered and completely within the bent portion of the
specimen after bending.
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MACHINE WELD REINFORCEMENT
FLUSH WITH BASE METAL

THESE EDGES

MAY BE
- A
OXYGEN-CUT 14 in.
\ [6 mm] ’e %‘
‘ - EDGE OF
~—THIS SECTION — WIDEST
MACHINED FACE OF
PREFERABLY BY MILLING WELD MACHINE THE MINIMUM AMOUNT
NEEDED TO OBTAIN PLANE
L PARALLEL FACES OVER THE
REDUCED SECTION
Dimensions, in. [mm]
Test Plate(") Test Pipe
6 [150] & 8 [200]
1<Tp<1-1/2 2[50] & 3[75] Diameter or
Tp <1[25] [25 < Tp < 40] Tp =1-1/2 [40] Diameter Larger
. . - Widest Face of Weld + 1/2 [3],
A—Length of Reduced Section Widest Face of Weld + 1/2 [13], 2-1/4 [55] minimum 2-1/4 [55] minimum
L—Overall Length, minimum®) As required by Testing Equipment As required by Testing Equipment
. . 1-1/2 £ 0.01 1+0.01 1+0.01 1/2 £ 0.01 3/4 £ 0.01
— (3),(4)
W—Width of Reduced Section [40 = 0.3] [25 + 0.3] [25 + 0.3] [13 = 0.3] [20 = 0.3]
C—Width of Grip Section): (%) 2[50 1-1/2 [40] 1-1/2 [40] 1 [25] approx.  1-1/4 [30] approx.
. . Maximum possible with plane
— (6),(7)
t—Specimen Thickness Tp Tp Tp/n (Note 7) parallel faces within Length A
r—Radius of Fillet, minimum 1/2 [13] 1/2 [13] 1/2 [13] 1[25] 1[25]
Notes:

(1) Tp = thickness of the plate.

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

(8) The ends of the reduced section shall not differ in width by more than 0.004 in. [0.10 mm]. Also, there may be a gradual decrease in
width from the ends to the center, but the width of either end shall not be more than 0.015 in. [0.40 mm] larger than the width at the
center.

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

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

(6) The dimension t is the thickness of the specimen as provided for in the applicable material specifications. The minimum nominal
thickness of 1-1/2 in. [40 mm] wide specimens shall be 3/16 in. [5 mm], except as permitted by the product specification.

(7) For plates over 1-1/2 in. [40 mm] thick, specimens may be cut into the minimum number of approximately equal strips not exceeding
1-1/2 in. [40 mm] in thickness. Test each strip and average the results.

Figure 15A—Reduced-Section Tension Specimens
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|

o

Dimensions, in. [mm]

Standard Specimen

Small-Size Specimens Proportional to Standard

Nominal Diameter

0.500 [12.7] Round

0.350 [8.9] Round 0.250 [6.35] Round

2.000 = 0.005 1.400 + 0.005 1.000 + 0.005
_ M

G—Gage Length [51.4 = 0.13] [35.6 + 0.13] [25.4 + 0.13]

. 0.500 + 0.010 0.350 + 0.007 0.250 + 0.005

_ @

D—Diameter [12.7  0.25] (8.9 + 0.18] [6.35 = 0.13]

r—Radius of Fillet, minimum 3/8[10] 1/4 (6] 3/16 [5]

A—Length of Reduced Section® 2-1/4 [55] 1-3/4 [45] 1-1/4 [30]

Notes:

(1) The gage length and fillets shall be as shown, but the ends may be of any form to fit the holders of the testing machine in such a way
that the load shall be axial. If the ends are to be held in wedge grips, it is desirable, if possible, to make the length of the grip section
great enough to allow the specimen to extend into the grips a distance equal to two-thirds or more of the length of the grips.

(2) The reduced section may have a gradual taper from the ends toward the center, with the ends not more than 1% larger in diameter

than the center (controlling dimension).

(3) If desired, the length of the reduced section may be increased to accommodate an extensometer of any convenient gage length.
Reference marks for the measurement of elongation should be spaced at the indicated gage length.

Figure 15B—All-Weld-Metal Tension Specimens

9.11.3.4 When using a wraparound jig, the speci-
men shall be firmly clamped on one end so that it does
not slide during the bending operation. The weld and
heat-affected zones shall be completely in the bent por-
tion of the specimen after testing. Test specimens are to
be removed from the jig after the bending roller has been
moved 180° from the starting point.

9.11.4 All-Weld-Metal Tension Test. The test speci-
men shall be tested in accordance with the latest edition
of AWS B4.0 or B4.0M, Standard Methods for Mechan-
ical Testing of Welds.

9.11.5 Radiography. The radiographic procedure and
technique shall be in conformance to the requirements of
Section 10, Weld Quality and Inspection.

9.11.6 Ultrasonic Testing. The ultrasonic procedure
and technique shall be in conformance to the require-
ments of Section 10.

9.12 Test Results Required

9.12.1 Reduced-Section Tension Test. The tensile
strength shall not be less than the minimum of the speci-
fied tensile range of the base metal.
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9.12.2 Root-, Face-, and Side-Bend Tests. The con-
vex surface of the specimen shall be examined for the
appearance of cracks or other open discontinuities. A
specimen shall be considered as failed when a crack or
other open discontinuity exceeding 1/8 in. [3 mm], mea-
sured in any direction, is present after the bending.
Cracks occurring on the corners of the specimen may be
1/4 in. [6 mm] maximum length, provided there is
no evidence of slag inclusions or other fusion-type
discontinuities.

9.12.3 Macroetch Tests. The macroetched surfaces
of the specimens shall be examined for discontinuities,
and the welds shall be considered as failed when discon-
tinuities prohibited by 10.6 are observed on the macro-
etched surfaces. Partial joint penetration groove welds
shall have the designated effective throat. Fillet welds
shall show fusion to the root of the joint, but not neces-
sarily beyond, and both legs shall be equal to within
1/8 in. [3 mm]. Convexity shall not exceed the limits
specified in 10.7.
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3/8 in. | 3/8 in. 3/8 in.
[10 mm_>| |<_ _>| r_[10 mm] _-I |<_[10 mm]
} k
1-1/2 in. [40 mm] I P Ir']
|

|
}‘— 6 in. [150 mm] MIN —>| : ——| L_Epé?\j% ->| L_g(ég;

3/8 in. [10 mm] TEST PLATE TEST PLATE OVER
3/8 in. [10 mm] THICK

(1) LONGITUDINAL BEND SPECIMEN

6 in. [150 mm] MIN .
[SEE NOTE (1)] RADIUS 1/8 in. [3 mm] MAX

\ I b 7
W I
1
| 3/8 in
NOTE (2)j /—NOTE 3) Ly Lo mm]
o 7

T 3/8 in.

3 MATERIAL TO BE REMOVED 3/8 in. — (PLATE) PIPE)
FOR CLEANUP [10 mm]

e

FACE-BEND SPECIMEN

RADIUS 1/8 in

6 in. [150 mm] MIN .
F*[SEE NOTE (1)]—>| [8 mm] MAXQ
n
\ iy 1|
' L
3/8 in.
NOTE (Z)y _’I "[10 mm] XL\(
MATERIAL TO BE REMOVED L

_r_FOR CLEANUP * 3/8 in.—=

—_— e ——— — ——— [10 mm]
o A/ | ! (PLATE) (PIPE)

—

-

——

—— e ———

[10 mm]
ROOT-BEND SPECIMEN
(2) TRANSVERSE BEND SPECIMENS

Dimensions, in. [mm]

Test Weldment Test Specimen Width (W)

Plate 1-1/2 [40]
Test Pipe 2 [50] and 3 [75] in Diameter 1[25]
Test Pipe 6 [150] and 8 [200] in Diameter 1-1/2 [40]

Notes:

(1) A longer specimen length may be necessary when using a wraparound-type bending fixture or when testing steel with a yield strength
of 90 ksi [620 MPa] or more.

(2) These edges may be oxyfuel, plasma, or laser cut.

() The weld reinforcement and backing, if any, shall be removed flush with the surface of the specimen. If a recessed backing is used,
this surface may be machined to a depth not exceeding the depth of the recess to remove the backing. In such cases, the thickness of
the finished specimen shall be that specified above. Cut surfaces shall be smooth and parallel.

General Notes:

1. T = plate or pipe thickness.

2. When the thickness of the test plate is less than 3/8 in. [10 mm], the nominal thickness shall be used for face-bend and root-bend specimens.

Figure 15C—Face- and Root-Bend Specimens
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6 in. [150 mm]'V _
1/8 in. [8 mm]

/N | MIN _———— -

r— —————————— — — — — 1r-
— R S—— i —
[
S —
y 3/8 in.—T .
1/8 in. [3 mm] .
IF CUT WITH OXYFUEL, PLASMA, (10 mm] MIN RAD'USM1A/§( in:
OR LASER, ALLOW NOT LESS [3 mm]
THAN 1/8 in. [3 mm] TO BE
MACHINED FROM EDGES
7T~
r—-————- - —— === A
} @)
t I
L T@in. (mm] t, in. [mm]
UHEN T EXCEE0S 12 i, 40 i Toe Sl 12 T
> 1-1/2 [40] See Note (3)

WITH OXYFUEL, PLASMA, OR LASER.

Notes:

(1) A longer specimen length may be necessary when using a wraparound-type bending fixture or when testing steel with a yield
strength of 90 ksi [620 MPa] or more.

(2) T = plate or pipe thickness.

(3) For plates over 1-1/2 in. [40 mm] thick, the specimen shall be cut into approximately equal strips with the t dimension between 3/4 in.
[20 mm] and 1-1/2 in. [40 mm], and each strip shall be tested.

Figure 15D—Side-Bend Specimens

DISCARD I~
T2 Weld Size, Ty MIN? T, MIN?
in. [mm] in. [mm] in. [mm]
4in.[100 mm] 3/16 [5] 1/2[13] 3/16 [5]
1/4 [6] 3/4 [20] 1/4 [6]
4in. (106 o 5/16 8] 1 [25] 5/16 [8]
- 3/8 [10] 1 [25] 3/8 [10]
DISCARD 1/2[13] 1 [25] 1/2 [13]
5/8 [16] 1[25] 5/8 [16]
3/4 [20] 1 [25] 3/4 [20]
> 3/4 [20] 1[25] > 1[25]

6in.
[150 mm]

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

12in.
[300 mm]
MIN

7L

AN

[150 mm] | |

MIN \>/ MACROETCH TEST
SPECIMEN

Figure 16—Fillet Weld Soundness Test for Procedure Qualification
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9.12.4 All-Weld-Metal Tension Test (Electroslag
and Electrogas). The mechanical properties shall equal
or exceed those specified in Table 12.

9.12.5 Nondestructive Testing. The weld soundness,
as revealed by either radiographic or ultrasonic testing,
shall conform to the requirements of Section 10, Weld
Quality and Inspection.

9.12.6 Visual Inspection—Pipe and Tubing. For
acceptable qualification, a pipe weld shall conform to the
following requirements.

9.12.6.1 The weld shall be free of cracks.

9.12.6.2 All craters shall be filled to the full cross
section of the weld.

9.12.6.3 The face of the weld shall be at least flush
with the outside surface of the pipe, and the weld shall
merge smoothly with the base metal. Undercut shall not
exceed 1/64 in. [0.5 mm]. Weld reinforcement shall not
exceed values given in Table 15.

9.12.6.4 The root of the weld shall be inspected.
There shall be no evidence of cracks, incomplete fusion,
or inadequate joint penetration. A concave root surface is
permitted within the limits shown in 9.12.6.5, provided
the total weld thickness is equal to or greater than that of
the base metal.

9.12.6.5 The root surface concavity shall be
1/16 in. [2 mm] or less, and the melt-through shall be
1/8 in. [3 mm] or less.

9.12.7 Visual Inspection—Plate. For acceptable
qualification, the welded test plate shall conform to the
requirements for visual inspection in Section 10, Weld
Quality and Inspection.

9.13 Records. Records of the test results shall be kept by
the Manufacturer or contractor, and shall be available to
those authorized to examine them.

Table 15
Acceptable Reinforcement on
Groove Welds in Pipe and Tubing

Wall Thickness Maximum Reinforcement

in. mm in. mm
<3/8 <10 3/32 2
>3/8to<3/4 >10t0<20 1/8 3
>3/4 > 20 3/16 5
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9.14 Retests. If any one tested specimen fails to meet the
test requirements, two retests of that particular type of
test specimen may be performed with specimens cut
from the same procedure qualification test material. The
results of both retest specimens shall meet the test
requirements. For material over 1-1/2 in. [40 mm)] thick,
failure of a specimen shall require testing of all speci-
mens of the same type from two additional locations in
the test material.

Part C
Welder Qualification

9.15 General. The qualification tests described are
specially devised to determine a welder’s ability to pro-
duce sound welds. These tests are not intended to be used
as a guide for welding during actual construction. Weld-
ing during manufacturing shall be performed in accor-
dance with the requirements of the welding procedure
specification.

9.16 Limitations. For the qualification of welders, the
following rules shall apply:

9.16.1 Qualification established with any one of the
steels permitted by this specification shall be considered as
qualification to weld or tack weld any of the other steels.

9.16.2 A welder shall be qualified for each process
used.

9.16.3 A welder qualified for SMAW with an elec-
trode identified in Table 16 shall be considered qualified
to weld, or tack weld, with any other electrode in the
same group designation, and with any electrode listed in
a numerically lower group designation.

9.16.4 A welder qualified with an approved electrode-
shielding medium combination shall be considered
qualified to weld or tack weld with any other approved
electrode-shielding medium combination for the process
used in the qualification test.

9.16.5 A change in the position of welding to one for
which the welder is not qualified to weld shall require
qualification in that position.

9.16.6 A change from one diameter/thickness group-
ing of pipe shown in Table 17, Part 2, to another group-
ing shall require requalification.

9.16.7 A change in the direction of welding shall
require requalification when the plate is in the vertical
position, or the pipe or tubing is in the 5G or 6G position.
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Table 16
SMAW Electrode Groups

Group Designation AWS Electrode Classification"

F4 EXX15, EXX16, EXX18, EXX15-X,
EXX16-X, EXX18-X, EXX18M

F3 EXX10, EXX11, EXX10-X, EXX11-X

F2 EXX12, EXX13, EXX14, EXX13-X,
EXX19

F1 EXX20, EXX24, EXX27, EXX28,
EXX20-X, EXX27-X

Note:

(1) The letters “XX” used in the classification designations in this table
represent the various strength levels 60 ksi [415 MPa], 70 ksi
[480 MPa], 80 ksi [550 MPa], 90 ksi [620 MPa, 100 ksi [690 MPa],
110 ksi [760 MPa], and 120 ksi [830 MPa]) of deposited weld metal.

9.16.8 The omission of backing material in complete
joint penetration welds that are welded from one side
shall require requalification.

9.17 Qualification Tests Required

9.17.1 The welder qualification tests for manual and
semiautomatic welding of plate shall be as follows:

(1) Groove weld qualification test for plate of unlim-
ited thickness.

(2) Groove weld qualification test for plate of limited
thickness.

(3) Fillet weld qualification test for fillet welds only,
Option 1 or 2 (see 9.22).

9.17.2 The pipe or tubing qualification tests for man-
ual and semiautomatic welding shall be as follows:

(1) Groove weld qualification test for butt joints in
pipe or tubing.

(2) Groove weld qualification test for T-, Y-, or
K-connections in pipe or tubing.

9.17.3 A welder who makes a successful procedure
qualification test of a complete joint penetration groove
weld in flat plate is qualified to weld production plate
with the welding process and in the position used in the
test. The thickness range qualified for and the number of
test specimens required shall be as specified in Table 17,
Part 1. The welder is also qualified to make fillet welds
in plate and pipe, as shown in Table 18.

9.17.4 The welder who makes a successful procedure
qualification test of a complete joint penetration groove
weld in pipe without a backing strip is qualified to weld
pipe and tubing with the process and in the position used
in the test. The diameter and wall thickness ranges quali-
fied for and the number of test specimens required shall
be as specified in Table 17, Part 2.
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9.18 Groove Weld Plate Qualification Test for Plate
of Unlimited Thickness. The joint detail shall be as fol-
lows: 1 in. [25 mm] plate, single-V-groove, 45° included
angle, 1/4 in. [6.4 mm] root opening with backing (see
Figure 17A). For horizontal position qualification, the
joint detail may, at the contractor’s option, be a single-
bevel-groove, 45° groove angle, 1/4 in. [6.4 mm] root
opening with backing (see Figure 17B). Backing shall be
at least 3/8 in. [10 mm] X 3 in. [75 mm)] if radiographic
testing is used without prior removal of backing. Back-
ing shall be at least 3/8 in. [10 mm] X 2 in. [50 mm] for
mechanical testing or for radiographic testing after the
backing is removed. The minimum length of the weld
groove shall be 5 in. [125 mm].

9.19 Groove Weld Plate Qualification Test for Plate
of Limited Thickness. The joint detail shall be as fol-
lows: 3/8 in. [10 mm] plate, single-V-groove, 45°
included angle, 1/4 in. [6.4 mm] root opening with back-
ing (see Figure 18A). For horizontal position qualifica-
tion, the joint detail may, at the contractor’s option, be
single bevel groove, 45° groove angle, 1/4 in. [6.4 mm]
root opening with backing (see Figure 18B). Backing
shall be at least 3/8 in. [10 mm] X 3 in. [75 mm] if radio-
graphic testing is used without prior removal of the back-
ing. Backing shall be at least 3/8 in. [10 mm] X 2 in.
[50 mm] for mechanical testing or for radiographic test-
ing after the backing is removed. The minimum length of
the weld groove shall be 5 in. [125 mm].

9.20 Groove Weld Qualification Test for Butt Joints
in Pipe or Tubing. The joint detail shall be that shown
in a qualified welding procedure specification for a sin-
gle-welded pipe butt joint. Alternatively, the joint may
be prepared in job-sized pipe with a single V-groove, 60°
included angle, 1/8 in. [3 mm] maximum root face and
root opening without backing (see Figure 19A), or a
single-V-groove, 60° included angle, and suitable root
opening with backing (see Figure 19B).

9.21 Groove Weld Qualification Test for T-, Y-, and
K-Connections on Pipe or Tubing. The test joint
design is shown in Figure 20. The joint detail shall be as
follows: single bevel groove, 37.5° included angle,
1/16 in. [2 mm] maximum root face, 1/8 in. [3 mm] root
opening with the bevel on a pipe or tube that is at least
1/2 in. [13 mm] thick. The square edge pipe or tube shall
be at least 1/16 in. [2 mm] thicker than the beveled pipe.
A restriction ring shall be placed on the thicker pipe
within 1/2 in. [13 mm)] of the joint, and shall extend at
least 6 in. [150 mm] beyond the surface of the pipe or
tube (see Figure 20). Test specimens for side bends shall
be taken as indicated in Figure 21 and machined as stan-
dard specimens with parallel sides.
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Table 17
Number and Type of Test Specimens and Range of Thickness Qualified—
Welder and Welding Operator Qualification

1. Tests on Plate

Number of Specimens
Thickness of Plate
Test Plate (T) Bend Tests(V Thickness
As Welded, Visual Macroetch Qualified,
Type of Weld in. [mm] Inspection | Face | Root | Side | T-Joint Break Test in. [mm]
Groove?® 3/8 [10] Yes 1 1 — — — 3/4 [20] max®
Groove 3/8 [10] < T <1 [25] Yes — — 2 — — T/2-2T3®-*
Groove > 1 [25] or over Yes — — 2 — — Unlimited®
Fillet option No. 1) 1/2 [13] Yes - - - 1 1 Unlimited
Fillet option No. 2©® 3/8 [10] Yes — 2 — — — Unlimited
Notes:
(1) Radiographic examination of the welder or welding operator test plate may be made in lieu of the bend test (see 9.3.2).
(2) Not applicable for welding operator qualification.
(3) Also qualifies for welding fillet welds on material of unlimited thickness.
(4) T is the maximum for welding operator qualification.
(5) See Figure 21.
(6) See Figure 22.
2. Tests on Pipe or Tubing
Number of Specimens Pipe or Tube
Wall Thickness
Pipe or Tubing Size, All Positions Except 5G & 6G Qualified,
As Welded 5G & 6G Positions Only in. [mm]
Pipe or Tube
Type of | Diam., Visual | Face | Root | Side | Face | Root | Side | Size Qualified,
Weld in. [mm] | Thickness | Inspection| Bend | Bend | Bend | Bend | Bend | Bend in. [mm] Min Max®
2[50]  Sch. 80
or Yes 1 Ll = 2| 2 | = <4[100] 0'[13?- 0['1677]4
3[75]  Sch. 40
6 [150]  Sch. 120
Groove or Yes | — | — | 2 | — | — | 4 > 4 [100] 0'[15?7 Unlimited
8[200] Sch. 80
See Figure 20 Yes — — — — — 4 KT_’ Y-, and — | Unlimited
-connections
Job Size Pipe
or Tubing
Type of | Diam., Wall
Weld in. [mm] | Thickness
>3/4[20] to 0.125 0.674
< — —
<41100] Any Yes 1 1 2 2 <41100] 3] [17]
Groove |>4[100]|<3/8[10] Yes 1 1 — 2 2 — 1/2 test 0.125 0.674
diameter or [3] [17]
. | 0.187 Unlimited
>4[100] [23/8 [10]| Yes — | = 2| = | — | a [ 41i00min [51 | e
Notes:

(7) Radiographic examination of the welder or welding operator test plate may be made in lieu of the bend test (see 9.3.2).
(8) Also qualifies for welding fillet welds of material of unlimited thickness.
(9) Minimum pipe size qualified shall not be less than 4 in. [100 mm] or 1/2d, whichever is greater, where d is diameter of test pipe.
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Table 17 (Continued)

Number and Type of Test Specimens and Range of Thickness Qualified—
Welder and Welding Operator Qualification

3. Tests on Electroslag and Electrogas Welds

Test Specimens Required

Plate Thickness Tested, Number of Plate Thickness Qualified,
in. [mm] Sample Welds Visual Inspection Side Bend!® in. [mm]
1-1/2 [40] max 1 Yes

Unlimited for 1-1/2 [40]
Max tested for <1-1/2 [40]

Note:

(10) Radiographic examination of the welder or welding operator test plate may be made in lieu of the bend test (see 9.3.2).

Copyright American Welding Society

Table 18
Welder Qualification—Type and Position Limitations

Type of Weld and Position of Welding Qualified "

Qualification Test Plate Pipe
Plate or Pipe
Weld Positions Groove Fillet Groove Fillet
Plate-Groove® 1G F F.H F® F, H®
2G F,H F,H F, H® F, H®
3G F,H,V F,H,V F,H
4G F, OH F, H, OH F
3G and 4G All All F,H
Plate-Fillet®:® 1F F F
2F F,H F,H
3F F,HV
4F F, H, OH
3F and 4F All
Pipe-Groove 1G Rotated F F,.H F F. H
2G F,H F,H F,H F,H
5G F,V, OH F,V, OH F,V, OH F,V, OH
6G Note (5) Note (5) Note (5) Note (5)
2G and 5G Note (5) Note (5) Note (5) Note (5)
6GR All All All All

Notes:

(1) Positions of welding: F = flat, H = horizontal, V = vertical, OH = overhead.
(2) Not applicable for welding operator qualification [see 9.34(5)].
(3) Welding operators qualified to weld pipe or tubing over 24 in. [600 mm] in diameter for the test positions indicated.

(4) Not applicable for fillet welds between parts having a dihedral angle of 75° or less.
(5) Qualifies for all but groove welds for T-, Y-, and K-connections.
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1in. [25 mm]

SIDE-BEND / l
SPECIMEN SIDE-BEND
SPECIMEN
DIRECTION OF
i\ ROLLING
T

5in.
[125 mm)]

MIN
MIN [6.4 mm] /

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

Figure 17A—Test Plate for Unlimited Thickness—Welder Qualification

5in. /\
[125 mm]

MIN
6 in.
[150 mm] DIRECTION
MIN OF ROLLING
I |
1/4 in || | :
[6.4 mm] \I | : I
|| SIDE-BEND
|| SPECIMEN
-

Note: When radiography is used for testing,
SIDE-BEND 1in. [25 mm] no tack welds shall be in the test area.
SPECIMEN

Figure 17B—Optional Test Plate for Unlimited Thickness,
Horizontal Position—Welder Qualification
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1in.[25 mm]

FACE-BEND ROOT-BEND
SPECIMEN SPECIMEN
¢ DIRECTION OF
\K T ROLLING

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

Figure 18A—Test Plate for Limited Thickness, All Positions—Welder Qualification

7 in. /\

[175 mm]
< MIN
6 in
[150 mm] DIRECTION
MIN OF ROLLING
1/4in.
[6.4 mm]
ROOT-BEND
SPECIMEN
3/8 in.
[10 mm]™\
™ Note: When radiography is used for testing,
FACE-BEND 1in.[25 mm] no tack welds shall be in the test area.
SPECIMEN

Figure 18B—Optional Test Plate for Limited Thickness,
Horizontal Position—Welder Qualification
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XY 1

. o !
. n.
[1:;8rr:rr]r;] [3 mm] I
MAX MAX
SUITABLE ‘
ROOT OPENING—>|  |=—
Figure 19A—Pipe Test Butt Joint without Figure 19B—Pipe Test Butt Joint with
Backing—Welder Qualification Backing—Welder Qualification

6 in. [150 mm] MIN

RESTRICTION RING
6 in. [150 mm] MIN

37-1/2°

0TO 1/16in. [2 mm]

1/2 in. [13 mm] MleS/

<3/16 in. [5 mm] MIN

Figure 20—Test Joint for T-, Y-, and K- Connections on
Pipe or Tubing—Welder Qualification
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e—

FACE-BEND
45°

N

PIPE WALL < 3/8 in.[10 mm]

—

+
SIDE-BEND J

PIPE WALL > 3/8 in. [10 mm]

SIDE-BEND
45°

SPECIMENS FOR 1G AND 2G POSITIONS

FACE-BEND

ROOT-BEND
%

FACE-BEND

PIPE WALL < 3/8 in

SIDE-BEND
ROOT-BEND

. [10 mm]

TOP OF PIPE FOR

5G AND 6G POSITIONS

] SIDE-BEND
45°

SIDE-BEND

SIDE-BEND

PIPE WALL > 3/8 in. [10 mm]

SPECIMENS FOR 5G AND 6G POSITIONS

Figure 21—Location of Test Specimens on Welded Test Pipe—Welder Qualification
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9.22 Fillet Weld Qualification Test. For fillet weld
qualification only, the welder shall weld a test plate
according to Option 1 or Option 2, depending on the
contractor’s choice, as follows:

(1) Option 1—Weld a T-test plate in accordance with
Figure 22.

(2) Option 2—Weld a soundness test plate in accor-
dance with Figure 23.

9.23 Position of Test Welds. The positions shall be as
listed in Table 17.

9.23.1 Groove Plate Test Welds

9.23.1.1 Qualification in the 1G (flat) position
qualifies the welder for flat-position groove welding of
plate, pipe, and tubing, and flat- and horizontal-position
fillet welding of plate, pipe, and tubing.

9.23.1.2 Qualification in the 2G (horizontal) posi-
tion qualifies the welder for flat- and horizontal-position
groove welding, and flat- and horizontal-position fillet
welding of plate, pipe, and tubing.

9.23.1.3 Qualification in the 3G (vertical) position
qualifies the welder for flat-, horizontal-, and vertical-
position groove welding, and flat-, horizontal-, and

FILLET WELD
BREAK
SPECIMEN

1/2in.[13 mm]\

L

4in.
[100 mm]

1/21in.[13 mm]j\
4in.

[100 mm]

ACROETCH SPECIMEN

(ETCH INTERIOR FACE)

AWS D14.1/D14.1M:2005

vertical-position fillet welding of plate; and flat- and
horizontal-position fillet welding of pipe and tubing.

9.23.1.4 Qualification in the 4G (overhead) posi-
tion qualifies the welder for flat- and overhead-position
groove welding, and flat-, horizontal-, and overhead-
position fillet welding of plate; and flat-position fillet
welding of pipe and tubing.

9.23.2 Groove Pipe Test Welds

9.23.2.1 Qualification in the 1G (pipe horizontal,
rotated) position qualifies the welder for flat-position
groove welding of pipe, tubing, and plate; and flat- and
horizontal-position fillet welding of pipe, tubing, and
plate.

9.23.2.2 Qualification in the 2G (pipe vertical)
position qualifies the welder for flat- and horizontal-
position groove welding and flat- and horizontal-position
fillet welding of pipe, tubing, and plate.

9.23.2.3 Qualification in the 5G (pipe horizontal,
fixed) position qualifies the welder for flat-, vertical-, and
overhead-position groove welding and flat-, vertical-,
and overhead-position fillet welding of pipe, tubing, and
plate.

1in.
[25 mm]

/ DISCARD

| _— CUTLINE

5/16 in. [8 mm]
FILLET WELD

>\ STOP AND RESTART

[200 mm] WELDING NEAR CENTER

\— CUTLINE

& Note: Plate thickness and

dimensions are minimum.

Figure 22—Fillet Weld Break and Macroetch Test Plate—Welder Qualification, Option 1
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~+—— DIRECTION OF ROLLING———»

¢ 1in.
[175 mm] — -+ - T [25 Fm] ¢

MINIMUM [25 mm]

THESE EDGES MAY BE OXYGEN-CUT AND

MAY OR MAY NOT BE MACHINED. _R

1-1/2in. 1-1/2'in.
[40+mm] [40 mm]

15/16 in. [24 mm] — -

3in. 3in.
[75 mm] MIN [75 mm] MIN

RADIUS 1/8 in. [3 mm] MAX
THE PORTION BETWEEN FILLET WELDS
l_ 3/8 in. [10 mm] [ MAY BE WELDED IN ANY POSITION.

| [T |

! H

MAXIMUM SIZE SINGLE \ AT LEAST 3/8 in. [10 mm] x 2 in. [25 mm].
PASS FILLET WELD 3/8 in. [10 mm] IF RADIOGRAPHY IS USED, A BAR AT LEAST
3/8 in. [10 mm] x 3 in. [75 mm] SHALL BE USED.

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

THE WELD REINFORCEMENT AND THE BACKING SHALL
BE REMOVED FLUSH WITH THE BASE METAL (SEE 10.7.3).
OXYGEN CUTTING MAY BE USED FOR THE REMOVAL OF
THE MAJOR PART OF THE BACKING, PROVIDED AT LEAST
1/8 in. [8 mm] OF ITS THICKNESS IS LEFT TO BE REMOVED
BY MACHINING OR GRINDING.

Figure 23—Fillet Weld Root-Bend Test Plate—Welder Qualification, Option 2
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9.23.2.4 Qualification in the 6G (inclined, fixed)
position qualifies the welder for all-position groove and
all-position fillet welding of pipe, tubing, and plate.

9.23.2.5 Qualification for T-, Y-, or K-connections
in the 6GR (inclined, fixed) position qualifies the welder
for groove welding of T-, Y-, or K-connections, and for
groove and fillet welding of pipe, tubing, and plate in all
positions.

9.23.3 Fillet Weld Test

9.23.3.1 Qualification in the 1F (flat) position
qualifies the welder for flat-position welding of plate,
pipe, and tubing.

9.23.3.2 Qualification in the 2F (horizontal) posi-
tion qualifies the welder for flat- and horizontal-position
fillet welding of plate, pipe, and tubing.

9.23.3.3 Qualification in the 3F (vertical) position
qualifies the welder for flat-, horizontal-, and vertical-
position fillet welding of plate.

9.23.3.4 Qualification in the 4F (overhead) posi-
tion qualifies the welder for flat-, horizontal-, and
overhead-position fillet welding of plate.

9.24 Base Metal. The base metal used shall comply with
the welding procedure specification.

9.25 Joint Welding Procedure

9.25.1 The welder shall follow a joint welding proce-
dure specification applicable to the joint details given in
9.18, 9.19, 9.20, 9.21, or 9.22, whichever is applicable.
For complete joint penetration groove welds that are
welded from one side without backing, the welder shall
follow a welding procedure specification applicable to
the joint detail shown in Figure 19A.

9.25.2 Weld cleaning shall be done with the test
weld in the same position as the welding position being
qualified.

9.26 Test Specimens

9.26.1 The type and number of test specimens that
shall be tested to qualify a welder by mechanical testing
are given in Table 18. The range of thickness that can be
welded in construction, which depends on the thickness
of the test plate, is also given in the table. Radiographic
examination of the test weld may be used in lieu of
mechanical testing at the contractor’s option.

9.26.2 Guided bend test specimens shall be prepared
by cutting the test plate, pipe, or tubing as shown in Fig-
ures 17A and 17B, 18A and 18B, 21 or 23, whichever is
applicable, to form specimens approximately rectangular
in cross section. The specimens shall be prepared for
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testing in accordance with Figures 15A through 15D,
whichever is applicable.

9.26.3 The fillet weld break and macroetch test speci-
mens shall be cut from the test joint as shown in Figure
22. The exposed section of the macroetch test specimen
shall be smoothed for etching.

9.26.4 The weld reinforcement need not be ground or
otherwise smoothed for inspection when radiographic
testing is used in lieu of the prescribed bend tests, unless
surface irregularities or juncture with the base metal
would cause objectionable weld discontinuities to be
obscured in the radiograph. If the backing is removed for
radiographic testing, the root shall be ground flush with
the base metal (see 10.7.3).

9.27 Method of Testing Specimens

9.27.1 Root-, Face-, and Side-Bend Specimens.
Each specimen shall be bent in a guided bend test jig that
meets the requirements shown in Figure 24A, 24B, or
24C, or is substantially in accordance with those figures,
provided the maximum bend radius is not exceeded. The
plunger member (if used) may be moved with relation to
the die member by any convenient means.

9.27.1.1 Face-bend specimens shall be oriented so
that the face of the weld will be in tension. Root-bend
and fillet weld Option No. 2 soundness specimens shall
be oriented so that the root of the weld will be in tension.
Side-bend specimens shall be oriented so that the side
showing the larger discontinuity, if any, will be in tension.

9.27.1.2 The specimen shall be forced into the die
or wrapped around member “A” of the wraparound jig
until it assumes a U-shape. The weld and heat-affected
zones shall be completely within the bent portion of the
specimen after bending.

9.27.1.3 When using a wraparound jig (see Figure
24B), the specimen shall be firmly clamped on one end
so that the specimen does not slide during the bending
operation. The weld and heat-affected zones shall be
completely within the bent portion of the specimen after
testing. The test specimen shall be removed from the jig
after the outer roll has been moved 180° from the starting
point.

9.27.2 Fillet Weld Break Test (Option No. 1). The
entire length of the fillet weld shall be examined visu-
ally, and then a 6 in. [150 mm] long specimen shall be
cut from the sample and loaded in such a way that the
root of the weld is in tension. The load shall be steadily
increased or repeated until the specimen fractures or
bends flat upon itself.

9.27.3 Macroetch Test (Fillet Option No. 1). The
test specimens shall be suitably smoothed for macroetch
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AS REQUIRED
TAPPED HOLE TO SUIT
TESTING MACHINE PLUNGER MEMBER
3/4 in.
AS REQUIRED A—
*( @ b= (19 mm] | \ [
I HHIN
| i | | L |
' N 172 in.
| SHOULDER HARDENED | [12.7 mm]
AND GREASED 7\ —-1-1/8 in.
e 3/4 in. [19 mm] [28.6 mm]
1-1/8 in. [28 i f |
[28.6 mm]
| | 6-3/4 in.
[171.4 mm]
1/4 in. |- |
[6.4 mm] 5-1/4 in.
[133.4 mm]
| 3/4 in.
[20 mm]
! \ HARDENED
' | ROLLERS
¥ ] 1-1/2 in. [38.1 mm]
|¢2 in.—>| 3/4 in. B c D IN DIAMETER MAY
[50.8 mm] [19 mm] _ BE SUBSTITUTED
3.7/8 in. o l«——— 7-1/2 in. [190.5 m]——| FOR JIG
[98.4 mm] - 9 in. 1228.6 SHOULDERS
- MEMBER in. [228.6 mm]
Specified or Actual A B C D
Base Metal Yield Strength, ksi [MPa] in. [mm[ in. [mm] in. [mm] in. [mm]
50 [345] & Under 1-1/2 [38.1] 3/4[19.0] 2-3/8[60.3]  1-3/16[30.2]
Over 50 [345] to 90 [620] 21[50.8] 1[25.4] 2-7/8[73.0]  1-7/16 [36.6]
90 [620] & Over 2-1/2 [63.5] 1-1/4[31.8] 3-3/8[85.7] 1-11/16[42.9]

General Note: Plunger and interior die surfaces shall be machine-finished.

Source: AWS D1.1/D1.1M:2004, Figure 4.15, as adapted from AWS B4.0-98, Figure A2.

Figure 24A—Guided-Bend Test Jig—Standard Design

examination. A suitable solution (such as hot ammonium
persulfate) shall be used for etching to give a clear defi-
nition of the weld.

9.27.4 Radiographic. The radiographic procedure
and technique shall be in accordance with the require-
ments of Section 10, Weld Quality and Inspection. Only
the center 50% of the test plate length shall be subject to
examination. Welded test pipe or tubing 4 in. [100 mm]
in diameter or larger shall be examined for a minimum of
one-half of the weld perimeter selected to include a sam-
ple of all positions welded. Welded test pipe or tubing
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less than 4 in. [100 mm] in diameter shall require 100%
radiography.

9.28 Test Results Required

9.28.1 Root-, Face-, and Side-Bend Tests. The con-
vex surface of the bent specimen shall be examined visu-
ally for discontinuities. Any bent specimen in which
a crack or other open discontinuity exceeding 1/8 in.
[3 mm)] in any direction is present shall be considered as
having failed. Cracks occurring on the corners of the
specimen may be 1/4 in. [6 mm] maximum length, pro-
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[2 mm] ROLLER ANY
DIAMETER
A
Y

N B< /4 WELD

A )/ B = A2
Specified or Actual A B
Base Metal Yield Strength, ksi [MPa] in. [mm] in. [mm]
50 [345] & Under 1-1/2 [38.1] 3/4[19.0]
Over 50 [345] to 90 [620] 2[50.8] 1 [25.4]
90 [620] & Over 2-1/2 [63.5] 1-1/4 [31.8]

General Note: Plunger and interior die surfaces shall be machine-finished.

Source: AWS D1.1/D1.1M:2004, Figure 4.16, as adapted from AWS B4.0-98, Figure Al.

Figure 24B—Alternative Guided-Bend Test Jig—Wraparound Design

vided there is no evidence of slag inclusions or other
fusion-type discontinuities.

9.28.2 Fillet Weld Break Test

9.28.2.1 To pass visual examination, the fillet weld
shall present a reasonably uniform appearance and shall
be free of overlap, cracks, and excessive undercut. There
shall be no porosity visible on the surface of the weld.

9.28.2.2 The fillet weld specimen passes the test if
it bends flat upon itself. If the fillet weld fractures, the
fractured surface shall show complete fusion to the root
of the joint, and exhibit no inclusion or porosity larger
than 3/32 in. [2.5 mm] in the greatest dimension to pass
the test. The sum of the greatest dimensions of all
inclusions and porosity at the fractured surface shall
not exceed 3/8 in. [10 mm] in the 6 in. [150 mm] long
specimen.

9.28.3 Macroetch Test. The specimen shall be exam-
ined for discontinuities. If discontinuities prohibited by
Section 10, Weld Quality and Inspection, are found, the
test shall be considered as failed. The weld shall show
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fusion to the root, but not necessarily beyond, and both
legs shall be equal to within 1/8 in. [3 mm]. Convexity
shall not exceed the limits specified in 10.7, e.g., 1/16 in.
[2 mm] for a 5/16 in. [8 mm] test weld.

9.28.4 Radiographic Test. To qualify, the weld, as
revealed by the radiograph, shall conform to the require-
ments of Section 10.

9.28.5 Visual Inspection of Pipe and Tubing (see
9.12.6)

9.28.6 Visual Inspection of Plate. For acceptable
qualification, the welded test plates shall conform to the
requirements for visual inspection in Section 10.

9.29 Retests. If one or more test welds made by a welder
fails to meet the requirements, a retest may be allowed
under the following conditions:

(1) An immediate retest may be made consisting of
two welds of each type on which the welder failed.
The retest specimens shall meet all the specified
requirements.
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R MIN =
3/4 in. [19 mm] /
- 4 +—
\ /
o 1 R4
V—w A—
I‘i C —>
— ~—R MIN
Specified or Actual A B C
Base Metal Yield Strength, ksi [MPa] in. [mm] in. [mm] in. [mm]
50 [345] & Under 1-1/2 [38.1] 3/4 [19.0] 2-3/8 [60.3]
Over 50 [345] to 90 [620] 2[50.8] 1 [25.4] 2-7/8 [73.0]
90 [620] & Over 2-1/2 [63.5] 1-1/4 [31.8] 3-3/8 [85.7]

General Note: Plunger and interior die surfaces shall be machine-finished.

Source: AWS D1.1/D1.1M:2004, Figure 4.17, as adapted from AWS B4.0-98, Figure A3.

Figure 24C—Alternative Guided-Bend Test Jig—Roller-Equipped
Design for Bottom Ejection of Test Specimens

(2) A retest may be made, provided there is evidence
that the welder has had further training or practice. In
this case, one complete retest shall be made.

9.30 Period of Effectiveness. The welder’s qualifica-
tion, as specified, shall remain in effect indefinitely
unless:

(1) The welder is not engaged in a given process of
welding for which the welder is qualified for a period
exceeding 6 months; or

(2) There is some specific reason to question the
welder’s ability.

In case (1), the requalification test need be made only
in the 3/8 in. [10 mm] thickness.

9.31 Records. Records of the test results shall be kept by
the Manufacturer or contractor and shall be available to
those authorized to examine them.

68

9.32 Workmanship Qualification

9.32.1 Scope. The tests described herein are a second
method of welder qualification for welders performing
operations on secondary stressed components and non-
critical weldments. Workmanship samples, as shown in
Figures 25(A) and 25(B), or a sample similar to the
production welds shall be made.

9.32.2 Welder Qualification. Qualification tests are
used to determine a welder’s ability to produce sound,
acceptable welds when welding to the requirements of
a qualified procedure specification using a manually-
directed welding process. The type and number of sam-
ples to be made shall be determined by the Manufacturer
to represent the type of work the welder will be doing.
The test shall be witnessed, evaluated, and recorded by
personnel authorized by the Manufacturer to do so, using
visual inspection and appropriate sectioning and etching
of each sample. The welds shall meet the requirements of
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(A)
SINGLE-
PASS FILLET

3in.
[75 mm]
1.5in.
0.5in. [40 mm]
[13 mm]
(A) FILLET WELD SIZE IS LIMITED BY THE WELDING PROCESS
AND POSITION OF THE TEST
0.75in. (B)
MULTIPLE-
PASS FILLET

(B) FILLET WELD SIZE SHOULD BE A MINIMUM OF 0.75 in. [20 mm].
NUMBER OF PASSES REQUIRED IS DETERMINED BY THE WELDING PROCESS,
POSITION OF TEST, AND PROCEDURE.

Figure 25—Examples of Workmanship Samples
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Sections 7 (Workmanship) and 10 (Weld Quality and
Inspection).

9.32.3 Production Qualification. After successful
completion of one or more workmanship samples, the
capability of the welder to satisfactorily perform produc-
tion welding will be determined after a tryout at the job
station. Qualification shall be achieved when the welder
produces a typical production part that meets the quality
requirements of this specification, as witnessed and
recorded by personnel authorized by the Manufacturer to
do so.

9.32.4 Sample Examination. Methods of examining
samples shall be visual, sectioning and etching, and
physical measurement.

9.32.4.1 Visual Examination. To pass the visual
examination, the weld shall meet the requirements of
Section 7 (Workmanship) and Section 10 (Weld Quality
and Inspection).

9.32.4.2 Macroetch Examination. The specimen
cross section shall be smoothed, etched, and examined
for discontinuities. The sample shall meet the applicable
requirements in other sections of this specification. The
weld shall show complete fusion to the root, but not nec-
essarily beyond. Convexity and concavity of the weld
shall not exceed the limits specified in Sections 7 and 10.

9.32.4.3 Physical Measurement Examination.
Welds shall be measured to ascertain that they meet the
size tolerances specified in Sections 7 and 10.

9.32.5 Retests. In case one or more test welds fail to
meet the requirements of 9.32.4, the welder may be
retested under the following conditions:

(1) An immediate retest may be made that shall con-
sist of two test welds of each type that failed. Both test
specimens shall meet all the requirements specified for
such welds.

(2) A retest may be made, provided there is evidence
that the welder has had further training or practice. In
this case, one complete retest shall be made.

9.32.6 Period of Effectiveness. Welder qualification
verified by workmanship samples shall remain in effect
indefinitely unless:

(1) The welder does not use a welding process for
which the welder is qualified for a period exceeding six
months; or

(2) There is some specific reason to question the
welder’s ability.

In case (1), the requalification test need be made only
with 3/8 in. [10 mm] thick material.

9.32.7 Records. Records of the test results shall be
kept by the Manufacturer and shall be available to those
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authorized to examine them (see suggested sample form
in Annex A).

Part D
Welding Operator Qualification

9.33 General. The qualification tests described in this
section are specially devised to determine a welding
operator’s ability to produce sound welds. The tests are
not intended to be used as a guide for welding during
actual construction. The latter shall be performed in
accordance with the requirements of the procedure speci-
fication. For an alternate method of qualification, see
9.32.

9.34 Limitations. For the qualification of a welding
operator, the following rules shall apply:

(1) Qualification established with any one of the
steels permitted by this specification shall be considered
as qualification to weld any of the other steels.

(2) A welding operator qualified with an approved
electrode-shielding medium combination shall be con-
sidered qualified to weld with any other approved elec-
trode-shielding medium combination for the process
used in the qualification test.

(3) A welding operator qualified to weld with multi-
ple electrodes or welding heads shall be qualified to weld
with a single electrode, but not vice versa. This does not
apply to electrogas and electroslag welding.

(4) An electroslag or electrogas welding operator
qualified with an approved electrode-shielding medium
combination shall be considered qualified to weld with
any other approved electrode-shielding medium combi-
nation for the process used in the qualification test.

(5) A change in the position in which welding is done
shall require qualification in the new position (see
9.35.3).

9.35 Qualification Tests Required

9.35.1 The welding operator qualification test, for
other than electroslag or electrogas welding, shall have
the following joint detail: 1 in. [25 mm] plate, single-V-
groove, 20° groove angle, and 5/8 in. [16 mm] root open-
ing with backing (see Figure 26). Backing shall be at
least 3/8 in. [10 mm] X 3 in. [75 mm)] if radiographic test-
ing is used without prior removal of backing. It shall be
at least 3/8 in. [10 mm] %X 2 in. [50 mm] for mechanical
and ultrasonic testing and for radiographic testing after
the backing is removed. Minimum length of the welding
groove shall be 15 in. [375 mm]. This test will qualify
the welding operator for groove and fillet welding in
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‘\DIRECTION OF
ROLLING

[375 mm] MIN

1. When radiography is used for testing, no tack welds shall be in test area.
2. The joint configuration of a qualified groove weld procedure may be used in lieu of the

groove configuration shown here.

Figure 26—Test Plate for Unlimited Thickness—Welding Operator Qualification

materials of unlimited thickness if the test results are
satisfactory.

9.35.2 An electroslag or electrogas welding operator
shall be tested by welding a joint in material of the
maximum thickness to be used in construction, except
that the material thickness for the test weld need not
exceed 1-1/2 in. [40 mm] (see Figure 27). If a 1-1/2 in.
[40 mm] thick test weld is made, tests need not be made
for thinner sections. This test shall qualify the welding
operator for groove welds in material of unlimited thick-
ness if the test results are satisfactory.

9.35.3 The welding operator who makes a complete
joint penetration groove weld procedure qualification
test that meets the test requirements is qualified for that
process and test position for plate of the same thickness
as the welded test plate. If the test plate is 1-1/2 in.
[40 mm] or over in thickness and welded by electroslag
or electrogas welding, or 1 in. [25 mm] or over and
welded by any other processes, the welding operator will
be qualified for all thicknesses with the welding process
used if the test results are satisfactory.

A welding operator qualified to weld pipe shall also
be qualified to weld plate, but not vice versa, except that
qualification on plate in the 1G (flat) or 2G (horizontal)
position shall qualify the operator for welding pipe or
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tubing over 24 in. [600 mm] diameter in the position
qualified. See Table 17 (Note 2) for additional pipe posi-
tion qualifications.

9.35.4 For fillet weld qualification only, the welding
operator shall weld a test plate according to Option 1
or Option 2, depending on the contractor’s choice, as
follows:

(1) Option 1—Weld a T-shaped test plate in accor-
dance with Figure 28.

(2) Option 2—Weld a soundness test plate in accor-
dance with Figure 29.

9.36 Base Metal. The base metal used shall comply with
Section 4, Base Metals, or the welding procedure specifi-
cation used for qualification.

9.37 Joint Welding Procedure

9.37.1 The welding operator shall follow the joint
welding procedure specified by the welding procedure
specification.

9.37.2 Weld cleaning shall be done with the test
weld in the same position as the welding position being
qualified.
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| |
| |
| |
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(i1

General Notes:

1. Root opening “R” established by procedure qualification.
2. T = maximum to be welded in construction but not to exceed 1-1/2 in.

[40 mm].

3. Extensions need not be used if joint is of sufficient length to provide 17 in.

[425 mm] of sound weld.

Figure 27—Butt Joint for Electroslag and Electrogas—Welding Operator Qualification

9.38 Test Specimens

9.38.1 Guided bend test specimens for mechanical
testing shall be prepared by cutting the test plate as
shown in Figure 26, 27, or 29, whichever is applicable, to
form specimens approximately rectangular in cross sec-
tion. The specimens shall be prepared for testing in con-
formance to Figures 15A through 15D, as applicable.

9.38.2 At the Manufacturer’s option, radiographic
testing of the weld may be performed in lieu of the
guided bend test. In that event, the weld reinforcement
need not be ground or otherwise smoothed for inspec-
tion, unless surface irregularities or juncture with the
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base metal would cause objectionable weld discontinui-
ties to be obscured during the radiographic inspection. If
the backing is removed for radiographic testing, the root
shall be ground flush with the base metal (see 10.7.3).

9.38.3 The fillet weld break and macroetch test speci-
mens shall be cut from the test joint as shown in Figure
28. The exposed section of the macroetch test specimen
shall be finished smooth for etching.

9.39 Method of Testing Specimens

9.39.1 Root- or Side-Bend Specimens. Each speci-
men shall be bent in a guided bend test jig that meets the

Not for Resale
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| _— CUTLINE

5/16 in. [8 mm]
FILLET WELD

Figure 28—Fillet Weld Break and Macroetch Test Plate—
Welding Operator Qualification, Option 1

requirements shown in Figure 24A, 24B, or 24C, or is
substantially in accordance with those figures, provided
the maximum bend radius is not exceeded. Any conve-
nient means may be used to move the plunger member (if
used) with relation to the die member.

9.39.1.1 Root-bend specimens shall be oriented so
that the root of the weld will be in tension. Side-bend
specimens shall be oriented so that the side showing the
larger discontinuity, if any, will be in tension.

9.39.1.2 The specimen shall be forced into the die
or wrapped around member “A” of the wraparound jig
until it assumes a U-shape. The weld and heat-affected
zones shall be centered and completely within the bent
portion of the specimen after testing.

9.39.1.3 When using a wraparound jig, the speci-
men shall be firmly clamped on one end so that it does
not slide during the bending operation. The weld and
heat-affected zones shall be completely in the bent por-

tion of the specimen after testing. Test specimens are to
be removed from the jig after the bending roller has been
moved 180° from the starting point.

9.39.2 Radiographic procedure and technique shall be
in accordance with the requirements of Section 10, Weld
Quality and Inspection. Only the center 50% of the test
weld shall be subject to testing.

9.39.3 Fillet Weld Break Test. The entire length of
the fillet weld shall be examined visually, and then a 6 in.
[150 mm] long specimen shall be cut from the test sample
and loaded in such a way that the root of the weld is in
tension. The load shall be steadily increased or repeated
until the specimen fractures or bends flat upon itself.

9.39.4 Macroetch Test. The test specimens shall be
prepared with a finish suitable for macroetch examina-
tion. A suitable solution (such as hot ammonium persul-
fate) shall be used to give a clear definition of the weld
area.

73

Copyright American Welding Society
Provided by IHS under license with AWS

No reproduction or networking permitted without license from IHS Not for Resale



AWS D14.1/D14.1M:2005

~<¢— DIRECTION OF ROLLING ———»
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I e I [40 mm]
ROOT-BEND SPECIMEN 1in.
[25 mm]
15in. i
[375 mm] — €4 _ ¢
MIN f
ROOT-BEND SPECIMEN 1in
_____'________f [25 mm]
1-1/2 in.
[40 mm]
THESE EDGES MAY BE OXYGEN-CUT AND
MAY OR MAY NOT BE MACHINED. —R
} A
1-1/2 in. 1-1/2 in.
[40 mm] [40 mm]
¥
15/16 in. [24 mm]— —
3in. 3in.
[75 mm] MIN [75 mm] MIN
RADIUS 1/8 in. [3 mm] MA
THE PORTION BETWEEN FILLET WELDS
l_3/8 in.[10 mm] MAY BE WELDED IN ANY POSITION.
I NN | |
T 1 1
| [ |y (S— -

XAT LEAST 3/8 in.[10 mm] x 2 in. [25 mm].
IF RADIOGRAPHY IS USED, A BAR AT
LEAST 3/8 in.[10 mm] x 3 in. [75 mm]
SHALL BE USED.

MAXIMUM SIZE SINGLE PASS
FILLET WELD 3/8 in. [10 mm]

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

THE WELD REINFORCEMENT AND THE BACKING SHALL
BE REMOVED FLUSH WITH THE BASE METAL. OXYGEN
CUTTING MAY BE USED FOR THE MAJOR PART OF THE
BACKING, PROVIDED AT LEAST 1/8 in. [3 mm] OF ITS
THICKNESS IS LEFT TO BE REMOVED BY MACHINING
OR GRINDING.

Figure 29—Fillet Weld Root-Bend Test Plate—Welding Operator Qualification, Option 2
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9.40 Test Results Required

< 9.40.1 Root- and Side-Bend Test. The convex sur-
face of the specimen shall be examined for the appear-
ance of cracks or other open discontinuities. Any bent
specimen containing a crack or other open discontinuity
exceeding 1/8 in. [3 mm], measured in any direction,
shall be considered as failed. Cracks occurring on the
corners of the specimen may be 1/4 in. [6 mm] maximum
length, provided there is no evidence of slag inclusions
or other fusion-type discontinuities.

9.40.2 Welds examined by radiographic examination
shall conform to the requirements of Section 10, Weld
Quality and Inspection.

9.40.3 Fillet Weld Break Test

9.40.3.1 To pass the visual examination, the fillet
weld shall present a reasonably uniform appearance and
shall be free of overlap, cracks, and excessive undercut.
There shall be no porosity visible on the face of the weld.

9.40.3.2 The specimen passes the test if it bends
flat upon itself. If the fillet weld fractures, the fractured
surface shall show complete fusion to the root of the
joint, and shall exhibit no inclusion or porosity larger
than 3/32 in. [2.5 mm] in the greatest dimension. The
sum of the greatest dimensions of all inclusions and
porosity shall not exceed 3/8 in. [10 mm] in the 6 in.
[150 mm] long specimen.

9.40.4 Macroetch Test. The test specimen shall be
examined for discontinuities. If any discontinuities pro-
hibited by 10.6 are found on the surface, the specimen
shall be considered to have failed. The weld shall show
complete fusion to the root, but not necessarily beyond,
and both legs shall be equal within 1/8 in. [3 mm]. Con-
vexity shall not exceed the limits specified in 10.7.

9.40.5 Visual Inspection. For acceptable qualifica-
tion, the welded test plate, when inspected visually, shall
conform to the requirements for visual inspection in Sec-
tion 10, Weld Quality and Inspection.

9.41 Retests. If one or more test welds made by a weld-
ing operator fail to meet the requirements, a retest may
be allowed under the following conditions:

(1) An immediate retest may be made consisting of
two test welds of each type on which the welding opera-
tor failed. The retest specimens shall meet all the require-
ments specified for such welds.

(2) A retest may be made, provided there is evidence
that the welding operator has had further training or prac-
tice. In this case, one complete retest shall be made.

9.42 Period of Effectiveness. The welding operator’s
qualification specified in this section shall remain in
effect indefinitely unless:
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(1) The welding operator is not engaged in a given
process of welding for which the operator is qualified for
a period exceeding 6 months; or

(2) There is some specific reason to question the
welding operator’s ability.

9.43 Records. Records of the test results shall be kept by
the Manufacturer and shall be available to those autho-
rized to examine them (see suggested sample form in
Annex A).

Part E
Qualification of Tack Welders

9.44 General. The qualification tests described in this
section are specifically devised to determine a tack
welder’s ability to produce sound tack welds. The quali-
fication tests are not intended to be used as a guide for
tack welding during actual construction. The latter shall
be performed in accordance with the requirements of the
welding procedure specification. For an alternate method
of qualification, see 9.32.

9.45 Limitations. For the qualification of a tack welder,
the following rules apply:

9.45.1 Qualification established with any one of the
steels permitted by this specification shall qualify the
tack welder to tack weld any of the other steels.

9.45.2 Qualification of a tack welder for SMAW with
an electrode identified in Table 16 shall qualify the tack
welder to tack weld with any other electrode in the same
group designation and with any electrode listed in a
numerically lower group designation.

9.45.3 Qualification of a tack welder with an
approved electrode-shielding medium combination shall
qualify the tack welder to tack weld with any other
approved electrode-shielding medium combination for
the process used in the qualification test.

9.45.4 A tack welder shall be qualified for each pro-
cess used.

9.45.5 A change in the position in which tack welding
is done, as defined in 9.8, shall require qualification in
the new position.

9.46 Qualification Tests Required. A tack welder shall
be qualified by making one test specimen in each posi-
tion in which he or she will tack weld on the job.

9.47 Base Metal. The base metal used shall comply with
the welding procedure specification.
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9.48 Test Specimen. The tack welder shall make a tack
weld of 1/4 in. [6 mm] maximum size and approximately
2 in. [5S0 mm] long on a fillet weld break specimen,
shown in Figure 30.

9.49 Method of Testing. A force shall be applied to the
specimen, as shown in Figure 31, until rupture occurs.
The force may be applied by any convenient means. The
surface of the weld prior to testing and the fracture sur-
face shall be examined visually for discontinuities.

9.50 Test Results Required

9.50.1 A qualification tack weld shall have a reason-
ably uniform appearance and be free of overlap, cracks,
and excessive undercut. There shall be no visible poros-
ity on the surface of the tack weld.

9.50.2 The fractured surface of the tack weld shall
show complete fusion to the root, but not necessarily
beyond, and complete fusion to the base metal. Any
inclusion or porosity larger than 3/32 in. [2.5 mm] in
greatest dimension is unacceptable.

9.50.3 A tack welder who passes the fillet weld break
test shall be eligible to tack weld all types of joints in
the position and with the welding process used for
qualification.

9.51 Retests. In case of failure to pass the qualification
test, the tack welder may make one retest without addi-
tional training.

9.52 Period of Effectiveness. A tack welder who passes
the qualification test shall be eligible to perform tack
welding indefinitely in the positions and with the pro-

4in.[100 mm]
1/2in.[13 mm]—»l
|

/

1/2in.[13 mm]— [=—

1/2in. |« 4in.[100 mm] —]
[13 mm] 5 in.—»l
[50 mm]
I |
1
4

Figure 31—Method of Fracturing
Fillet Weld Break Specimen—
Tack Welder Qualification

cesses used for qualification unless there is some specific
reason to question the tack welder’s ability. In such
cases, the tack welder shall be required to demonstrate
the ability to make sound tack welds by again passing the
prescribed welding test.

9.53 Records. Records of the test results shall be kept by
the Manufacturer or contractor and shall be available to
those authorized to examine them (see suggested sample
form in Annex A).

Figure 30—Fillet Weld Break Specimen—Tack Welder Qualification
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10. Weld Quality and Inspection
10.1 General

10.1.1 Inspection personnel shall perform tests as nec-
essary prior to, during, and after assembly and welding to
ensure that materials and workmanship meet the require-
ments of this specification.

10.1.2 Personnel performing nondestructive examina-
tion other than visual shall be qualified in accordance
with the American Society for Nondestructive Testing
Recommended Practice No. SNT-TC-1A. Only individu-
als qualified for NDT Level I, and working under the
NDT Level II, or individuals qualified for NDT Level II,
may perform nondestructive examination. Certification
of Level I and Level II individuals shall be performed by
a Level III individual who has been certified by (1) The
American Society for Nondestructive Testing, or (2) has
the education, training, experience, and has successfully
passed the written examination prescribed in SNT-TC-1A.

10.1.3 Inspectors responsible for acceptance or rejec-
tion of material and workmanship shall be qualified. The
basis of inspector qualification shall be documented. If
the Engineer elects to specify the basis of inspector qual-
ification, it shall be so stated in contract documents. The
following are acceptable qualification bases:

(1) Current certification as an AWS Senior Certified
Welding Inspector (SCWI) or AWS Certified Welding
Inspector (CWI) in conformance to the provisions of
AWS QCl1, Standard for AWS Certification of Welding
Inspectors, or

(2) Current certification by the Canadian Welding
Bureau (CWB) to the requirements of the Canadian Stan-
dard Association (CSA) Standard W178.2, Certification
of Welding Inspectors, or

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

10.2 Owner’s Representative

10.2.1 A representative designated by the Owner,
when required by the contract, shall verify that all fabri-
cation by welding is performed in conformance to the
requirements of this specification. At their discretion,
Owners, or their representatives, may waive verification
of welding and fabrication inspection.

10.2.2 The representative shall be furnished with or
have access to a complete set of detailed drawings show-
ing the size, length, type, and location of all welds that
are to be made.

10.2.3 The representative shall be notified in advance
of the start of any welding operations, when required by
the contract.
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10.2.4 The representative shall not delay the normal
operating schedule of the Manufacturer if the representa-
tive cannot be on site after proper notification, unless
otherwise agreed to in the contract.

10.2.5 The representative shall have the option of per-
forming all, or any part of, the functions set forth in 10.3,
10.4, and 10.5.

10.2.6 If agreed to in the contract, the representative
may keep records of all welder and welding operator
qualifications, all procedure qualifications, other tests
that are made, and other information that may be
required for the execution of duties. Otherwise, this
information shall be made available for review at the
Manufacturer’s facility.

10.3 Inspection of Welding Procedure Qualifications.
The Owner’s representative may witness or review the
records of welding and testing of any procedure qualifi-
cations that are required in this specification.

10.4 Inspection of Welder, Tack Welder, and Weld-
ing Operator Qualifications. The Owner’s representa-
tive shall only permit welding to be performed by
welders, tack welders, and welding operators who are
qualified in advance in accordance with the requirements
of this specification. If retesting or qualification is
required, the purchasing representative may witness the
welding and testing of the qualification test for each
welder, tack welder, or welding operator. Otherwise, the
purchasing representative may review the records of past
qualification and testing.

10.5 Inspection of Work and Records

10.5.1 The Owner’s representative shall make certain
that the size, length, and location of welds conform to the
requirements of this specification and to the detailed
drawings, and that no specified welds are omitted.

10.5.2 The Owner’s representative shall make certain
that only those welding procedures that meet the provi-
sions of this specification are employed.

10.5.3 The Owner’s representative may, at suitable
intervals, observe the technique and performance of any
welder, welding operator, or tack welder to make certain
that the applicable workmanship requirements of Section
7, Workmanship, are being met.

10.5.4 The Owner’s representative may examine the
work to make certain that it meets the requirements of
the workmanship standards of this specification. Size
and contour of the welds shall be measured with suitable
gauges. Visual inspection for cracks in welds and base
metal and for other defects should be aided by strong
light or other devices, such as magnifiers, where they
may be helpful.
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10.5.5 The Owner’s representative should identify all
parts or joints that have been inspected and accepted with
a distinguishing mark.

10.6 Visual Examination. All welds shall be visually
examined. Examination shall be performed after removal
of foreign debris, including slag. A weld shall be accept-
able by visual examination if it meets the specified size
on the drawings (see Section 7, Workmanship), and the
following conditions are met:

(1) The weld has no cracks.

(2) Complete fusion exists between adjacent layers of
weld metal and between weld metal and base metal.

(3) All craters are filled to the full cross section of the
weld.

(4) Weld profiles are in accordance with 10.7.

(5) Permissible frequency and size of piping porosity
in fillet welds shall be limited as follows:

(a) For primary welds, no more than 1 pore in
each 4 in. [100 mm] of length, and no larger in diameter
than 3/32 in. [2.5 mm)].

(b) For secondary welds, the sum of the diame-

~ ters of piping porosity shall not exceed 3/8 in. [10 mm]
" in any linear inch of weld, and shall not exceed 3/4 in.
© [20 mm] in any 12 in. [300 mm] length of weld.
: (6) The actual size of a portion of continuous fillet
¢ weld, 3/8 in. [10 mm] or larger, can be under the nominal
required fillet weld size by 1/16 in. [2 mm] without cor-
rection, provided that the undersize portion does not
exceed 10% of the weld length. On web-to-flange fillet
welds on girders, no undersize weld is permitted at the
end of the joint in a length equal to twice the width of the
flange.

(7) Primary groove welds shall have no piping poros-
ity. Secondary groove welds shall meet the porosity
requirements for fillet welds in 10.6(5)(a).

(8) Visual inspection of welds in all steels may begin
immediately after the completed welds have cooled to
ambient temperature. Acceptance criteria for ASTM A
514, A 517, and A 709 grades 100 and 100W steels shall
be based on visual inspection performed not less than
48 hours after completion of the weld.

10.7 Welding Profiles

10.7.1 The faces of fillet welds may be slightly con-
vex, flat, or slightly concave, as shown in Figures 32(A),
32(B), and 32(C), but with none of the unacceptable pro-
files shown in 32(D). Except at outside corner joints, the
convexity C shall not exceed the sum of 0.1S + 0.03 in.
[0.8 mm], where S is the actual size of the fillet weld in
inches [millimeters]. See Figures 32(B) and 32(C).

10.7.2 Groove welds shall be made with slight or
minimum reinforcement, except as may be otherwise
provided. For butt and corner joints, the reinforcement
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height, R, shall not exceed 1/8 in. [3 mm] for metal
thickness of 2 in. [SO mm] and under, and 3/16 in. [5S mm]
for metal thicknesses over 2 in. [SO mm]. It shall have
gradual transition to the plane of the base metal’s sur-
face, as shown in Figure 32(E). Groove welds shall be
free of the discontinuities shown for butt joints in Figure
32(F).

10.7.3 Where the surface of butt joints are required to
be flush, the thickness of the thinner base metal or weld
metal shall not be reduced by more than 1/32 in. [1 mm],
or 7% of the thickness, whichever is smaller, and weld
reinforcement shall not exceed 1/32 in. [1 mm]. How-
ever, all reinforcement shall be removed where the weld
forms part of a faying or contact surface. Any reinforce-
ment shall blend smoothly into the plate surfaces with
transition areas free from undercut. Chipping may be
used, provided it is followed by grinding. Where surface
finishing is required, the roughness value shall not
exceed 250 x 1070 in. [6 x 10® m]. Surfaces finished to
values of over 125 x 1076 in. [3 X 10~ m] through 250 x
107% in. [6 X 10° m] shall be finished parallel to the
direction of primary stress. Surfaces finished to 125 x
1076 in. [3 x 107 m] or less may be finished in any direc-
tion. (See ASME B46.1, Surface Texture, for measure-
ment method.)

10.7.4 Undercut depth shall not exceed 1/32 in.
[I mm] or 7% of the base metal thickness, except that
Joint Class IV, V, and VI welds with a total undercut of
less than 1/2 in. [13 mm] in length in any linear 12 in.
[300 mm] of weld are acceptable without measurement
of the undercut depth.

10.7.5 Welds shall be free from overlap.

10.7.6 Fillet welds may not deviate from designated
size by more than the tolerances given in 10.6(6). The
convexity shall meet the tolerances given in 10.7.1. If the
deviation exceeds these tolerances, the weld shall be cor-
rected as noted in Section 12, Repair and Correction of
Defects.

10.8 Nondestructive Examination

10.8.1 Joint Class I and II weld joints shall require
either radiographic or ultrasonic examination in addition
to magnetic particle or dye penetrant examination. Non-
destructive examination (other than visual inspection) of
weld joints other than Joint Class I or II, when it is to be
required as a part of the contract, shall be announced in
the information furnished to bidders. The information
provided shall designate the inspection process to be
employed, the welds to be examined, and the extent of
examination of each weld. Such nondestructive examina-
tion shall be conducted in conformance to the require-
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Figure 32—Acceptable and Unacceptable Weld Profiles
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ments of this specification, or as modified by mutual
agreement between the Manufacturer and Owner.

For welds subject to nondestructive testing in accor-
dance with 10.8, 10.11, 10.15, 10.16, or 10.17, the test-
ing may begin immediately after the completed welds
have cooled to ambient temperature. However, nonde-
structive testing of ASTM A 514, A 517, and A 709
Grade 100 and 100W steels shall begin not less than
48 hours after the completed welds have cooled to ambi-
ent temperature.

Refer to ASTM E 1316, Standard Terminology for
Nondestructive Examinations, for standard definitions of
terms.

10.8.2 Welds that do not meet the nondestructive
examination requirements of this specification shall be
repaired by the methods permitted by Section 12, Repair
and Correction of Defects.

10.8.3 Nondestructive examination in this specifica-
tion is only intended to apply to primary welds, unless
otherwise specifically agreed to in the contract between
the Manufacturer and the Owner.

10.8.4 A weld that is to be subjected to nondestructive
examination need not be ground or otherwise smoothed,
provided surface irregularities or juncture with the base
metal do not obscure objectionable weld discontinuities
during examination.

10.9 Radiographic Examination of Welds

10.9.1 The procedures and standards set forth in this
section are to govern radiographic examination of welds
when such testing is required by stipulation of 10.8.
These procedures are restricted to inspection of groove
welds with complete joint penetration.

10.9.2 Variations in testing procedure, equipment,
and acceptance standards from those given in this section
may be used upon agreement with the Owner. Such vari-
ations include the radiographic examination of fillet
welds, T-welds, or corner welds; changes in source-to-
film distance; unusual geometries; unusual penetrameter
application, film type, or densities; and film exposure or
development variations.

10.9.3 Information furnished to the bidders shall
clearly identify the extent of radiographic testing
required.

10.9.4 Complete testing, when specified, requires that
the entire length of weld in each designated joint shall be
tested.

10.9.5 Spot testing, when specified, requires that the
number of spots to be radiographed in a stated length of
weld in each designated category of weld joint shall be
included in information furnished to bidders. Each spot
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radiograph shall show at least 4 in. [100 mm] of weld
length. If a spot radiograph shows discontinuities that
require repair, as defined in 10.11, two adjacent spots
shall be tested. If discontinuities requiring repair are
detected in either of these, the entire length of weld in
that joint shall be tested radiographically.

10.10 Radiographic Procedure

10.10.1 Radiographs shall be made by either X-ray or
isotope radiation methods. Radiography shall be con-
ducted in accordance with ASTM E 94, Standard Guide
for Radiographic Examination.

10.10.2 The radiographic sensitivity shall be judged
based on penetrameters. Radiographic technique and
equipment shall provide sufficient sensitivity to clearly
delineate the required penetrameters and the essential
holes as described in 10.10.4 and Table 19. Identifying
letters and numbers shall show clearly in the radiograph.
Note: Alternative image quality indicators may be used
when approved by the Engineer.

10.10.3 Radiographs shall have an H & D density'# of
2.0 minimum and 4.0 maximum. In addition, the density
in the area of interest shall not vary more than minus
15% and plus 30% from the density through the penet-
rameter.

10.10.4 One penetrameter, centered on the film, shall
be used for film 10 in. [250 mm] or less in length. Two
penetrameters, one centered and one at the end of the
film, shall be used for radiographs with a film length
greater than 10 in. [250 mm] in length. For panoramic
exposures, three penetrameters shall be placed 120° apart
around the object being radiographed. Penetrameters
shall be placed on the source side whenever possible.
Failure to prove adequate sensitivity on all three
penetrameters shall disqualify the exposure, and the
entire technique shall be repeated.

10.10.5 Radiographs shall be made using a single
source of radiation approximately centered with respect
to the length and width of the area being examined. The
minimum source-to-object distance shall be the greater
of the film length or 7 times the maximum thickness of
the weld being examined. For panoramic exposures, the
minimum source-to-object distance shall be 7 times the
maximum weld thickness. During exposure, the film
shall be as close as possible to the opposite side of the
weld being examined. Edge blocks shall be used when
radiographing butt joints greater than 1/2 in. [13 mm]

14.H & D density, D, is a measure of film blackening
expressed as D = log (I,/I), where:

I, =light intensity on the film

I =light transmitted through the film
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Table 19
Penetrameter Requirements (see 10.10.2)

Nominal Material Thickness Range(! Source Side Film Side®

in. mm Designation Essential Hole Designation Essential Hole
Up to 0.25 incl. Up to 6 incl. 10 4T 7 4T
Over 0.25 through 0.375 Over 6 to 10 12 4T 10 4T
Over 0.375 through 0.625  Over 10to 16 15 4T 12 4T
Over 0.625 through 0.75 Over 16 to 19 17 4T 15 4T
Over 0.75 through 1.00 Over 19 to 25 20 4T 17 4T
Over 1.00 through 1.25 Over 25 to 32 25 4T 20 4T
Over 1.25 through 1.50 Over 32 to 40 30 2T 25 2T
Over 1.50 through 2.00 Over 40 to 50 35 2T 30 2T
Over 2.00 through 2.50 Over 50 to 65 40 2T 35 2T
Over 2.50 through 3.00 Over 65to 75 45 2T 40 2T
Over 3.00 through 4.00 Over 75 to 100 50 2T 45 2T
Over 4.00 through 6.00 Over 100 to 150 60 2T 50 2T
Over 6.00 through 8.00 Over 150 to 200 80 2T 60 2T
Notes:

(1) Single wall radiographic thickness (for tubulars).
(2) Applicable to tubular structures only.

thick. The minimum width of the edge blocks shall be
1 in. [25 mm] or half the weld thickness, whichever is
greater. The edge blocks shall have a thickness equal
to or greater than the thickness of the weld being
radiographed.

10.10.6 All radiographs shall be free from chemical
and mechanical blemishes that could mask discontinui-
ties in the area of interest. Such blemishes include, but
are not limited to, finger prints, crimps, screen marks,
water marks, streaks, chemical stains, and fogging. Film
identification shall be made permanent on the film by
radiographic image, lead tape, flash type ID, or other
approved means.

10.11 Acceptability of Radiographed Welds

10.11.1 Welds subject to radiographic examination
shall first be visually examined in conformance to the
requirements of 10.6 and 10.7.

10.11.2 The greatest dimension of any porosity or
fusion-type discontinuity indications that are 1/16 in.
[2 mm] or larger shall not exceed the size, B, indicated
in Figure 33 for the effective throat of a groove weld or
weld size of a fillet weld. The distance from any indica-
tion of porosity or fusion-type discontinuity to another
such indication, to an edge, or to any intersecting weld
shall not be less than the minimum clearance allowed, C,
indicated in Figure 33 for the size of discontinuity under
examination. Annex B illustrates the application of the
requirements given in 10.11.2.
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10.11.3 Discontinuities meeting requirements of
10.11.1 and having a greatest dimension of less than
1/16 in. [2 mm] are nevertheless not acceptable if the
sum of their greatest dimensions exceeds 3/8 in. [10 mm]
in any linear inch [25 mm] of weld.

10.11.4 The limitations for 1-1/2 in. [40 mm] groove
weld effective throat given in Figure 33 shall apply to all
welds with larger effective throats.

10.11.5 A recommended form for reporting the results
of radiographic examination is shown in Annex A.

10.12 Examination,
Radiographs

Report, and Disposition of

10.12.1 The contractor shall provide a suitable high-
intensity viewer with sufficient capacity to illuminate
radiographs with a density of 4.0 without difficulty. It is
recommended that at least a two-level or variable-inten-
sity illuminator be used.

10.12.2 All radiographs of welds that are subject to
contractual radiographic examination by the Manufac-
turer, including those that show unacceptable quality
prior to repair, and a report interpreting them, shall be
available for review by the Owner’s representative
before the weld is accepted.

10.12.3 A full set of radiographs for welds subject to
radiographic examination by the Manufacturer for the
Owner, including those that show unacceptable quality
prior to repair, shall be delivered to the Owner upon
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(LARGER OF ADJACENT DISCONTINUITIES GOVERNS)

General Note: Adjacent discontinuities, spaced less than the minimum required clearance shall be measured as one length equal to
the sum of the total length of the discontinuities plus the length of the space between them and evaluated as a single discontinuity.

Figure 33—Weld Quality Requirements for Discontinuities Occurring in Welds
(Limitation of Porosity and Fusion—Type Discontinuities)

completion of the work. The Manufacturer’s obligation
to retain radiographs shall cease (1) upon delivery of this
full set to the Owner, (2) one full year after completion
of the Manufacturer’s work, in the event that delivery is
not required, or (3) as otherwise stated in the contract.

10.13 Ultrasonic Examination of Welds

10.13.1 The procedures and standards set forth in this
section govern the ultrasonic examination of groove
welds between the thicknesses of 5/16 in. [§ mm] and
8 in. [200 mm] inclusive, when such testing is required
by 10.8 of this specification. These procedures and stan-
dards are not to be used as a basis for rejection of the
base metal.

10.13.2 Variations in testing procedure, equipment,
and acceptance standards not included in this section
may be used by agreement between the Manufacturer
and Owner. Such variations include other thicknesses,
weld geometries, transducer sizes, frequencies, and
couplants.
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10.13.3 Spot radiography is suggested to supplement
ultrasonic testing of electroslag and electrogas groove
welds in material 2 in. [SO mm] and over in thickness to
detect possible piping porosity.

10.13.4 Information furnished to bidders shall clearly
identify the extent of ultrasonic testing required.

10.13.5 Complete testing, when specified, requires
testing of the entire length of the weld in each designated
joint.

10.13.6 Spot testing, when specified, requires that the
number of spots in each designated category of weld, or
the number required to be made in a stated length of
weld, be included in the information furnished to bid-
ders. When spot testing reveals discontinuities that
require repair, two adjacent spots shall be tested. If dis-
continuities requiring repair are revealed in either of
these, the entire length of the weld in that joint shall be
tested ultrasonically.
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10.14 Ultrasonic Testing Equipment and Calibration

10.14.1 The apparatus for ultrasonic examination
shall meet the requirements of ASTM E 164, Recom-
mended Practice for Ultrasonic Contact Examination of
Weldments, and ASTM E 317, Recommended Practices
for Evaluating Performance Characteristics of Pulse-
Echo Ultrasonic Testing Systems. Refer to ASTM
E 1316, Standard Terminology for Nondestructive
Examinations, for standard definitions of terms.

10.14.2 Test instruments shall include internal stabili-
zation so that, after warm up, no variation in response
greater than =1 dB occurs with supply voltage changes
of 15% nominal or, in the case of battery powered instru-
ments, over the battery charge operating life. There shall
be an alarm or meter to signal a drop in battery voltage
prior to instrument shutoff due to battery exhaustion.

10.14.3 The test instrument shall have a calibrated
gain control (attenuator) adjustable in discrete 1 or 2 dB
steps over a range of at least 60 dB.

10.14.4 The dynamic range of the instrument’s dis-
play shall be such that a difference of 1 dB of amplitude
can be easily detected.

10.14.5 Each search unit shall be marked to clearly
indicate the frequency of the transducer, nominal angle
of refraction, and index point.

10.14.6 Preferred couplants are a cellulose gum-water
mixture and glycerine with a wetting agent. Where possi-
ble, avoid the use of oil or grease as the couplant for
examination of welds. If oil or grease is used as the cou-
plant, the requirements of 7.2.1 shall be met before any
repairs are made.

10.14.7 The horizontal linearity of the test instrument
shall be within +5% over the linear range that includes
90% of the sweep length presented on the display for the
longest sound path to be used. The horizontal linearity
shall be measured by the techniques prescribed in Sec-
tion 7.9 of ASTM E 317, except that the results may be
tabulated rather than graphically represented. Horizontal
linearity shall be checked after each 40 hours of instru-
ment use.

10.14.8 Internal reflections from the search unit, with
a screen presentation higher than the horizontal reference
line, appearing on the screen to the right of the sound
entry point shall not occur beyond 1/2 in. [13 mm] equiv-
alent distance in steel when the sensitivity is as follows:
20 dB more than that required to produce a maximized
horizontal reference-line height indication from the
1/16 in. [1.59 mm] diameter hole in the International
Institute of Welding (ITW) reference block (see ASTM
E 164).
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10.14.9 The dimensions of the search unit shall be
such that the minimal allowable distance, X, between the
toe of the search unit and the edge of the ITW block, shall
be as follows:

(1) 70° transducer, X = 2 in. [S0 mm]

(2) 60° transducer, X = 1-7/16 in. [37 mm]

(3) 45° transducer, X = 1 in. [25 mm]

The search unit shall be positioned for maximum indi-
cation from the 1/16 in. [1.59 mm] diameter hole in the
IIW calibration block.

10.14.10 Resolution

10.14.10.1 For shear waves, the combination of
search unit and instrument shall resolve the appropriate
three holes in the resolution test block shown in Figures
34A and 34B. For a 70° angle, the transducer should be
set in position Q on the resolution block as shown in Fig-
ure 34C. The resolution shall be evaluated with the
instrument controls set at normal test settings, and with
indications from the holes brought to midscreen height.
Resolution shall be sufficient to distinguish at least the
peaks of indications from the three holes.

10.14.10.2 To determine longitudinal wave resolu-
tion, the instrument controls shall be at normal settings
with indications from the holes brought to midscreen
height (see Figure 34C).
(1) Set the transducer in position F on the IIW block.
(2) Transducer and instrument should resolve all
three distances.

10.14.11 The IIW ultrasonic reference block, shown
in ASTM E 164, shall be the standard used for both dis-
tance and sensitivity calibration. More portable reference
blocks of other designs may be used, provided they meet
the requirements of this specification and are referenced
back to the ITW block. Approved designs are shown in
ASTM E 164. See Figure 34C for application.

10.14.12 Using a corner reflector for calibration pur-
poses is prohibited.

10.14.13 The gain control (attenuator) of the instru-
ment shall meet the requirements of 10.14.3 and shall be
checked for correct calibration at two-month intervals in
accordance with a procedure approved by the manufac-
turer of the instrument.

10.14.14 With the use of an approved calibration
block, each angle-beam search unit shall be checked
after each eight hours of use to determine that:

(1) The contact face is flat,

(2) The sound entry point is correct, and

(3) The beam angle is within the permitted +2°
tolerance.

Search units that do not meet these requirements shall
be corrected or replaced.
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Source: Adapted from AWS D1.1/D1.1M:2004, Figure 6.23, p. 248.

Figure 34 A—RC Resolution Reference Block (U.S. Units)

10.14.15 Calibration for sensitivity and horizontal
sweep (distance) shall be made at the location of testing
by the ultrasonic operator just prior to examination of
each weld and at intervals of 30 minutes during examina-
tion. Recalibration shall be made when:

(1) There is a change of operators,

(2) Transducers are changed,

(3) New batteries are installed, and

(4) Equipment operating from a 110 volt source is
connected to a different power outlet.

10.14.16 Calibration for straight beam testing shall be
performed as follows:

(1) The horizontal sweep shall be adjusted for dis-
tance calibration to present the equivalent of a least two
plate thicknesses on the display.

(a) Set the transducer in position G on the IIW
block, position H on the DC block, or position M on the
DSC block (see Figure 34C).
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(b) Adjust instrument to produce indications at
1 in. [25 mm], 2 in. [SO mm], 3 in. [75 mm], 4 in.
[100 mm], etc. on the display.

(2)The sensitivity (gain) shall be adjusted at a location
free of indications so that the first back reflection from
the far side of the plate will be 50% to 70% of full screen
height. For this purpose, the reject (clipping) control
shall be turned off.

10.14.17 Calibration for angle beam testing shall be
performed as follows:

(1) The horizontal sweep shall be adjusted to repre-
sent the actual sound-path distance by using acceptable
distance calibration blocks shown in Figure 34C and
ASTM E 164. This distance calibration shall be made
using either the 5 in. [125 mm] scale or the 10 in.
[250 mm] scale on the display, whichever is appropriate,
unless joint configuration or thickness prevents full
examination of the weld at either of these settings.
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Figure 34B—RC Resolution Reference Block (SI Units)

(a) Set the transducer in position D on the [IW
block (any angle).

(b) Adjust the instrument to obtain indications on
the display at 4 in. [100 mm] and 9 in. [225 mm] from a
Type 1 block, or at 4 in. [100 mm] and 8 in. [200 mm]
from a Type 2 block.

(c) Set the transducer in position J or L on the
DSC block (any angle).

(d) Adjust the instrument to obtain indications
on the display at 1 in. [25 mm], 5 in. [125 mm], 9 in.
[225 mm)] in the J position, or at 3 in. [75 mm], and 7 in.
[175 mm)] in the L position.

(e) Set the transducer in position I on the DC
block (any angle).

(f) Adjust the instrument to obtain indications on
the display at 1 in. [25 mm], 2 in. [SO mm], 3 in.
[75 mm)], 4 in. [100 mm], and so forth.

(2) With the unit adjusted to conform with the
requirements of 10.14.1 through 10.14.10, the sensitivity
shall be adjusted by the use of the gain control (attenua-
tor) so that a horizontal reference-level trace deflection
results on the display with the maximum indication from
the 0.060 in. [1.59 mm] diameter hole in the IITW block
or from the equivalent reference reflector in other accept-
able calibration blocks. This basic sensitivity then
becomes the zero reference level for discontinuity evalu-
ation and shall be recorded on the ultrasonic test reports
under reference level. See Annex A for a sample ultra-
sonic test report form.

(a) Set the transducer in position A on the IITW
block (any angle).

(b) Adjust the maximized signal from the 0.060
in. [1.59 mm] hole to attain a horizontal reference-line
height indication.

Copyright American Welding Society
Provided by IHS under license with AWS
No reproduction or networking permitted without license from IHS

Not for Resale



AWS D14.1/D14.1M:2005

(&

DC BLOCK

DSC BLOCK

SC BLOCK RESOLUTION BLOCK
TP |[up

|

I

DS BLOCK

Figure 34C—TYypical Transducer Positions

Copyright American Welding Society
Provided by IHS under license with AWS

No reproduction or networking permitted without license from IHS Not for Resale



(c) Set the transducer in position L on the DSC
block (any angle).

(d) Adjust the maximized signal from the 1/32 in.
[0.8 mm] slot to attain a horizontal reference-line height
indication.

(e) Set the transducer on the SC block in position
N for 70° angle, position O for 45° angle, or position P
for 60° angle.

(f) Adjust the maximized signal from the 0.060 in.
[1.59 mm] hole to attain a horizontal reference-line
height indication.

(g) The decibel reading obtained in (f) shall be
used as the reference level, b, reading on the test report
sheet (see Annex A).

10.15 Ultrasonic Testing Procedure,
Criteria, and Reports

Acceptance

10.15.1 The letter Y accompanied by a weld identifi-
cation number shall be clearly marked on the base metal
adjacent to the weld at the left end of each weld that is
ultrasonically examined. This identification number
serves as an orientation direction for weld discontinuity
location and as the report number on the report form (see
Annex A for suggested report form).

10.15.2 All surfaces to which a search unit is applied
shall be free of weld spatter, dirt, grease, oil, (other than
that used as a couplant) and loose scale and shall have a
contour permitting intimate coupling. Tight layers of
paint need not be removed unless their combined thick-
ness exceeds 0.010 in. [0.25 mm].

10.15.3 A couplant shall be used between the search
unit and the metal. The couplant should be either glycer-
ine with a wetting agent, if needed, or a cellulose gum
and water mixture of a suitable consistency. Light
machine oil, or equivalent, may be used for couplant on
calibration blocks.

10.15.4 The entire base metal through which ultra-
sonic vibrations must travel to test the weld shall be
examined for laminar reflectors, using a straight-beam
search unit conforming to the requirements of 10.14. If
any area of base metal exhibits total loss of back reflec-
tion and is located in a position that would interfere with
the normal weld scanning procedure, the following alter-
nate weld scanning procedure shall be used. Alternate
weld scanning procedure inspection may also be con-
ducted in accordance with ASTM E 164.

(1) The area of the laminar reflector and its depth
from the surface shall be determined and reported on the
ultrasonic test report.

(2) If part of a weld is inaccessible to testing in accor-
dance with the requirements of Table 20 because of lam-
inar content recorded in accordance with 10.15.4(1), the
testing shall be conducted by using an alternate scanning
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pattern described in 10.15.5, by first grinding the weld
surfaces flush to make total weld areas accessible to
ultrasonic testing, or both.

10.15.5 Alternate Scanning Patterns (See Figure
35)

(1) Longitudinal Discontinuities. Scanning patterns
shall consist of the following combined movements:

(a) Scanning movement A—Rotation angle, a,
equals 10°.

(b) Scanning movement B—Scanning distance,
b, shall be sufficient to ensure that the section of weld
being examined is covered.

(¢) Scanning movement C—Progression dis-
tance, c, shall be approximately one-half of the trans-
ducer width.

(2) Transverse Discontinuities

(a) Scanning pattern D—when welds are ground
flush.

(b) Scanning pattern E—when weld is not
ground flush.

(c) Scanning angle e = 15° maximum.

(d) Scanning pattern shall ensure the full weld
section is covered.

(3) Electroslag or Electrogas Welds. (Additional
scanning pattern)—scanning pattern E

(a) Search unit rotation angle, e, between 45° and
60°.

(b) Scanning pattern shall ensure that the full
weld section is covered.

10.15.6 Welds shall be examined using an angle-
beam search unit conforming to the requirements of
10.14 and ASTM E 164. Following calibration and dur-
ing testing, the only instrument adjustment permitted is
in the sensitivity-level adjustment with the calibrated
gain control or attenuator. Sensitivity shall be increased
from the reference level for weld scanning in accordance
with Table 21.

10.15.6.1 If mechanically possible, all welds shall
be scanned from both sides on the same face for longitu-
dinal and transverse discontinuities. The applicable scan-
ning pattern, or patterns, shown in Figure 35 shall be
used.

10.15.6.2 The testing angle shall be as shown in
Table 20.

10.15.6.3 When a discontinuity indication appears
on the screen, the maximum attainable indication from
the discontinuity shall be adjusted to produce a horizon-
tal reference level trace deflection on the display. This
adjustment shall be made with the calibrated gain control
or attenuator, and the instrument reading in decibels shall
be recorded on the ultrasonic test report under the head-
ing Indication Level, a.
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1. Testing patterns are all symmetrical around the weld axis with the exception of pattern D, which is conducted

directly over the weld axis.

2. Testing from both sides of the weld axis is to be made wherever mechanically possible.

Figure 35—Plan View of UT Scanning Patterns

10.15.6.4 The attenuation factor, ¢, on the test
report is obtained by subtracting 1 in. [25.4 mm] from
the sound-path distance and multiplying the remainder
by 2 [0.0787].

10.15.6.5 The indication rating, d, on the test
report is the difference between the reference level and
the indication level after the indication level has been
corrected by the attenuation factor.

Instruments with gainindB:a—-b—-c=d
Instruments with attenuationindB:b-a-c=d

10.15.6.6 The length of a discontinuity, as entered
under indication length on the test report, shall be deter-
mined by locating the points at each end at which the
indication amplitude drops 6 dB (50%) and measuring
between the centerlines of those transducer locations.

10.15.6.7 Each weld discontinuity shall be
accepted or rejected on the basis of its indication rating
and its length in accordance with Table 21. Only those
discontinuities which are rejectable need be recorded on
the test report.

10.15.7 Each rejectable discontinuity shall be indi-
cated on the weld by a mark directly over the discontinu-
ity for its entire length. The depth from the surface and
type of discontinuity shall be noted on nearby base
metal.

10.15.8 Welds found unacceptable by ultrasonic test-
ing shall be repaired by methods permitted by Section
12, Weld Repairs, of this specification. Repaired welds
shall be reexamined ultrasonically, and an additional
report form completed.
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Table 20
Ultrasonic Testing Angle

Procedure Chart

Material Thickness, in. [mm)]

5/16 [8] |>1-1/2 [40]|>1-3/4 [45]|>2-1/2 [65]| >3-1/2[90] |>4-1/2 [115]| >5[125] |>6-1/2[165]| >7[180]
to to to to to to to to to
Weld Type [<1-1/2 [40]|<1-3/4 [45]|<2-1/2 [65]|<3-1/2 [90]|<4-1/2 [115]| <5([125] |<6-1/2[165]| <7[180] <8 [200]
* % * % kS % * % *
1G 1G 6 8 9 12
Butt 1 (0] 1 F or F or F or F or F or F or F 12 F
4 5 7 10 11 13
F F F F F F F
T- 1 (0] 1 or 4 or 5 or 7 or 10 or 11 or 13 or — —
XF XF XF XF XF XF XF
F | 1IG F 1IG F 6 F 8 F 9 F 13 F
Corner 1 (0] 1 or or or or or or or or of or or or or — —
XF| 4 XF| 5 XF 7 XF 10 XF 11 XF 14 XF
Electrogas 1G 1IG Pl 6 11 11 11 11
& 1 (0] 1 (0] or 1**| or or or P3 or P3 or P3 or P3 or P3
Electroslag 4 3 P3 7 15 15 15 15%*
X RECEIVER
X FACE A | TRANSMITTER
FACE A X FACE A | FACE A X
iy |
§ > < § FACE FACE § ( )& §
J ] T_ c FACEB  © |
FACEB— X L FACEB | FACE B X
X |
BUTT JOINT CORNER JOINT X TJOINT PITCH-AND-CATCH

GROUND FLUSH

bé

l— FACE A

TOP QUARTER-70°— 4
MIDDLE HALF-70°
BOTTOM QUARTER-60°——

General Notes:

1.
2.

Where possible, all examinations shall be made from Face A and in Leg 1, unless otherwise noted in this table.

Root areas of single groove weld joints which have backing not requiring removal by contract, shall be tested in Leg 1, where possible, with Face
A being that opposite the backing. (Grinding of the weld face or testing from additional weld faces may be necessary to permit complete scanning
of the weld root.)

. Examination in Leg II or III shall be made only to satisfy provisions of this table or when necessary to test weld areas made inaccessible by an

unground weld surface, or interference with other portions of the weldment.
A maximum of Leg III shall be used only where thickness or geometry prevents scanning of complete weld areas and heat-affected zones in Leg I
or Leg II.

. On tension welds in cyclically loaded structures, the top quarter of thickness shall be tested with the final leg of sound progressing from Face B

toward Face A, and the bottom quarter of thickness shall be tested with the final leg of sound progressing from Face A toward Face B; i.e., the top
quarter of thickness shall be tested either from A in Leg II or from B in Leg I at the contractor’s option, unless otherwise specified in the contract
documents.
The weld face indicated shall be ground flush before using procedure 1G, 6, 8, 9, 12, 14, or 15. Face A for both connected members shall be in the
same plane.

(See Legend on next page)
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Table 20 (Continued)
Ultrasonic Testing Angle
Legend:
X — Check from Face “C.”
G — Grind weld face flush.
(0] — Not required.
A Face — The face of the material from which the initial scanning is done (on T- and corner joints, follow above

sketches).

B Face — Opposite the “A” face (same plate).

C Face — The face opposite the weld on the connecting member or a T- or corner joint.

* — Required only where reference level indication of discontinuity is noted in fusion zone (weld metal to
base metal interface) while searching at scanning level with primary procedures selected from first
column.

*% — Use 15 in. [375 mm] or 20 in. [SO0 mm] screen distance calibration.

P — Pitch and catch shall be conducted for further discontinuity evaluation in only the middle half of the

material thickness with only 45° or 70° transducers of equal specification, both facing the weld. (Trans-
ducers shall be held in a fixture to control positioning—see sketch.) Amplitude calibration for pitch
and catch is normally made by calibrating a single search unit. When switching to dual search units for
pitch and catch inspection, there should be assurance that this calibration does not change as a result of
instrument variables.

F — Weld metal to base metal interface indications shall be further evaluated with either 70°, 60°, or 45°
transducer—whichever sound path is nearest to being perpendicular to the suspected fusion surface.

Procedure Legend

Area of Weld Thickness

Top Middle Bottom

No. Quarter Half Quarter
1 70° 70° 70°
2 60° 60° 60°
3 45° 45° 45°
4 60° 70° 70°
5 45° 70° 70°
6 70°G A 70° 60°
7 60° B 70° 60°
8 70°G A 60° 60°
9 70°G A 60° 45°
10 60° B 60° 60°
11 45° B T0°** 45°

12 70°G A 45° 70°G B
13 45° B 45° 45°
14 70°G A 45° 45°

15 70°G A 70°A B 70°G B
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Table 21
Ultrasonic Acceptance and Rejection Criteria

Weld Thickness," in. [mm)] and Search Unit Angle

>5/16 [8] | > 3/4 [20]
to to
<3/4120] [£1-1/2 [40]| > 1-1/2 [40] to £2-1/2 [65] >2-1/2 [65] to £4 [100] >4 [100] to < 8 [200]
Flaw
Class 70° 70° 70° 60° 45° 70° 60° 45° 70° 60° 45°
+10 & +8 & +4 & +7 & +9 & +1 & +4 & +6 & 2 & +1 & +3 &
Class A
lower lower lower lower lower lower lower lower lower lower lower
Class B +11 +9 +5 +8 +10 +2 +5 +7 -1 +2 +4
+6 +9 +11 +3 +6 +8 +0 +3 +5
Class C +12 +10 +7 +10 +12 +4 +7 +9 +1 +4 +6
+8 +11 +13 +5 +8 +10 +2 +5 +7
Class D +13 +11 +9 +12 +14 +6 +9 +11 +3 +6 +8
& up & up & up & up & up & up & up & up & up & up & up
Note:

(1) Weld thickness shall be defined as the nominal thickness of the thinner of the two parts being joined.

General Notes:

1. Class B and C flaws shall be separated by at least 2L, L being the length of the longer flaw, except that when two or more such flaws are not sepa-
rated by at least 2L, but the combined length of flaws and their separation distance is equal to or less than the maximum allowable length under the
provisions of Class B or C, the flaw shall be considered a single acceptable flaw.

2. Class B and C flaws shall not begin at a distance less than 2L from the end of the weld, L being the flaw length.

3. Discontinuities detected at “scanning level” in the root face area of complete penetration double groove weld joints shall be evaluated using an
indicating rating 4 dB more sensitive than described in 10.15.6.5 when such welds are designated as “tension welds” on the drawing (subtract 4 dB
from the indication rating “d”). This shall not apply if the weld joint is backgouged to sound metal to remove the root face, and magnetic particle

examination is used to verify that the root face has been removed.

Class A (Large Flaws)
Any indication in this category shall be rejected (regardless of length).

Class B (Medium Flaws)
Any indication in this category having a length greater than 3/4 in.
[20 mm] shall be rejected.

Class C (Small Flaws)
Any indication in this category having a length greater than 2 in.
[50 mm] length in the middle half or 3/4 in. [20 mm] length in the top
of bottom quarter of weld thickness shall be rejected.

Class D (Minor Flaws)
Any indication in this category shall be accepted regardless of length or
location in the weld.

10.15.9 A report form which clearly identifies the
work and the area of inspection shall be completed by the
ultrasonic inspector at the time of the inspection. The
report form for welds that are unacceptable need only
contain sufficient information to identify the weld, the
inspector (signature), and the acceptability of the weld.
An example of such a form is shown in Annex A.

10.15.10 All report forms pertaining to a weld subject
to contractual ultrasonic testing by the Manufacturer for
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Scanning Levels

Above Zero

Sound path,® in. [mm] Reference, dB

<2-1/2 [65] 20
>2-1/2 [65] to <5 [125] 25
>5[125] to <10 [250] 35
>10 [250] to <15 [375] 45

Note: (2) refers to sound path distance; NOT material thickness.

the Owner, including those that show unacceptable qual-
ity prior to repair, shall be available for review by the
Owner’s representative before the weld is accepted.

10.15.11 A full set of completed report forms of
welds subject to contractual ultrasonic testing by the
Manufacturer for the Owner, including any that show
unacceptable quality prior to repair, shall be delivered to
the Owner upon completion of the work. The Manufac-
turer’s obligation to retain ultrasonic reports shall cease
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(1) upon delivery of this full set to the Owner or (2) at the
end of one full year after completion of the Manufac-
turer’s work, in the event that delivery is not required, or
as otherwise provided in the contract.

10.16 Magnetic Particle Examination of Welds

10.16.1 The procedure and technique for magnetic
particle examination, when required, shall be in accor-
dance with ASTM E 709, Practice for Magnetic Particle
Inspection (latest edition), and the standards of accep-
tance shall be in accordance with 10.16.4.

10.16.2 Variations in testing procedure, equipment,
and acceptance standards not included in this specifica-
tion may be used upon agreement between the Manufac-
turer and the Owner.

10.16.3 Welds subject to magnetic particle examina-
tion shall first be subject to visual examination in accor-
dance with the requirements of 10.6 and 10.7.

10.16.4 Welds that are subject to magnetic particle
examination shall be unacceptable if any discontinuities
exceed the following limits:

(1) A magnetic particle indication of any porosity or
fusion-type discontinuity, that is 1/16 in. [1.5 mm] or
larger in greatest dimension, shall not exceed the size, B,
indicated in Figure 33 for the effective throat or weld
size involved. The distance from any indication of an
acceptable porosity or fusion-type discontinuity to
another discontinuity, to an edge, or to any intersecting
weld shall not be less than the minimum clearance, C,
indicated by Figure 33 for the size of discontinuity under
examination. (Annex B illustrates the application of the
requirements given. A sample report form is shown in
Annex A.)

(2) Discontinuities meeting the requirements of
10.16.4(1) and having a greatest dimension of less than
1/16 in. [1.5 mm] are nevertheless not acceptable if the
sum of their greatest dimensions exceeds 3/8 in. [10 mm)]
in any linear inch [25 mm] of weld.

(3) The limitations given by Figure 33 for a groove
weld effective throat of 1-1/2 in. [40 mm] shall apply to
groove welds of greater thickness.

10.17 Liquid Penetrant Examination of Welds

10.17.1 When liquid penetrant examination is
required, the procedure and technique shall be in accor-
dance with ASTM E 165, Recommended Practice for
Liquid Penetrant Inspection. The standard of acceptance
shall be in accordance with 10.17.3.

10.17.2 Variations in testing procedure, equipment,
and acceptance standards not included in this specifica-
tion may be used upon agreement between the Manufac-
turer and Owner.
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10.17.3 Welds that are subject to liquid penetrant
examination shall be evaluated on the basis of the
requirements for visual inspection as defined in 10.6 and
10.7.

11. Field Weld Repair and
Modification

11.1 General. Repairs and modifications shall require
the approval of the Engineer (see 11.3.1). The material
composition of the components shall be identified and
the welding procedures approved by the Engineer before
starting repair or modification. The repair and modifica-
tion work shall conform to all applicable sections of this
specification. When a modification includes removal,
addition, or alteration of structural members, the Engi-
neer shall verify that the original design requirements are
satisfied. This section is a guide to aid the Manufacturer
and the Owner by suggesting pertinent items that shall be
considered at the time of initial contract negotiations.
The eventual need for field weld repairs as a result of
normal wear and tear, modification, or accident is often
forgotten. Every repair, no matter how small, becomes
the total responsibility of the Owner and the organization
performing the repair work, who must consider its effect
on the equipment involved. The original Manufacturer
should be contacted to ensure that the projected repair is
advisable and sound from an engineering standpoint.
Safe recommended repairs and modifications can only be
accomplished with knowledge of the design loading on
the equipment and the resulting stresses at the repair
locations.

Caution: Leaking of flammable liquids from pressur-
ized lines may exist and shall be addressed to prevent
fires when welding and cutting is performed. Confined
space circumstances can also exist on some repair
operations.

11.2 Field Repair—Manufacturer’s Responsibility.
The Manufacturer shall furnish, as a part of instruction
manuals or as a separate publication, instructions for
field repair when required by the contract. The complete-
ness and extent of material identification and welding
repair procedures shall be covered in the contract.

11.2.1 Instructions by the Manufacturer shall include
the following:

(1) Qualification requirements of the welder perform-
ing the repair (see Section 9, Qualification, for minimum
requirement).

(2) A list of materials used in the manufacture of the
equipment and the location of materials by some appro-
priate means such as an outline drawing. This shall
include lists and locations of those materials that:
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(a) Are easily weldable without preheat or
postheat treatment, provided ambient temperatures are
considered normal, and

(b) Require special welding procedures. For spe-
cial welding procedures, the Manufacturer shall include
information concerning the base metals, filler metals,
and preheat or postheat treatment so that properly quali-
fied welders can make an acceptable weld repair.

11.2.2 All field weld repair procedures shall include
recommended means for inspection or testing of the
repair by the Engineer or the equipment manufacturer
and necessary nondestructive testing procedures.

11.2.3 The manufacturers should list special precau-
tions for field welding of their products and other neces-
sary precautions. The following items should be
addressed.

11.2.3.1 Field repair should not proceed:

(1) Without adequate preparation (thorough cleaning
and joint preparation) and a full review of any previous
repairs in the area involved;

(2) Until the welder and weld repair area are ade-
quately protected from the elements, and a proper equip-
ment environment is provided; or

(3) Without considering the stresses on the members.

11.2.3.2 A method by which stresses can be
relieved before welding, as well as the sequence of
repair, should be considered.

11.2.3.3 The Manufacturer shall indicate weld-
ments and components on which field repairs are not
recommended.

11.2.4 Safety precautions and good workmanship
instructions listed in the various ANSI and AWS specifi-
cations shall be followed, including, but not limited
to ANSI Z49.1, Safety in Welding, Cutting, and Allied
Processes.

11.3 Field Repair—Owner’s Responsibility

11.3.1 The Owner shall appoint the Engineer who
shall be responsible for the actual field execution of the
repair work, and the complete detailed adherence to the
repair procedures furnished by the Manufacturer.

11.3.2 Owners or their agents shall permit only quali-
fied and properly trained personnel to perform field weld
repairs, such as welders qualified in accordance with this
specification.

11.3.3 Full and complete records of all repaired welds
shall be maintained by means of marked outline draw-
ings or other appropriate documents.

Copyright American Welding Society
Provided by IHS under license with AWS
No reproduction or networking permitted without license from IHS

93

AWS D14.1/D14.1M:2005

12. Repair and Correction of Defects
12.1 Weld Repairs

12.1.1 Overlap or Excessive Convexity. Excess
weld metal shall be removed.

12.1.2 Excessive Concavity of Weld or Crater and
Undersize Welds. Prepare surfaces and deposit addi-
tional weld metal. All slag shall be removed and the
adjacent base metal shall be clean before additional
welding.

12.1.3 Cracks in Weld or Base Metal. Determine the
extent of the crack by liquid penetrant, magnetic particle
examination, or other suitable means. Remove the crack
and adjacent sound metal for a 2 in. [50 mm] length
beyond each end of the crack.

Prior to rewelding, these areas shall be checked by an
appropriate inspection method, such as magnetic particle
or liquid penetrant, to ensure complete removal of
cracked material. After rewelding in conformance to an
approved repair welding procedure, the repaired area(s)
shall be reinspected per Section 10.

12.1.4 Undercutting. Undercutting may be repaired
by grinding and blending or by welding. It is preferably
done by careful grinding and blending. Grinding should
be performed with a pencil-type grinder. The grinding
marks should be transverse to the length of the weld, and
have a 250 x 1076 in. [6 X 107° m] finish or better. Blend-
ing shall be done with a slope not to exceed 1 in 3. On
plates of 1/2 in. [13 mm)] thickness and above, up to 7%
reduction of base-material thickness is permitted. Repair
of undercut areas by grinding and blending in excess of
this amount may be permitted with the approval of the
Design Engineer. When undercut is to be repaired by
welding, the surfaces should be prepared and then addi-
tional weld metal deposited.

12.1.5 Weld areas containing unacceptable incom-
plete fusion, porosity or slag inclusions shall be removed
(see 12.3) and rewelded.

12.2 Base Metal Repairs

12.2.1 Defects in Edges of Plate. If a defect is found
in a plate edge that exceeds the limits imposed in Table
7, it shall be removed and repaired in accordance with
7.3.

12.2.2 Arc Strikes and Temporary Attachment
Areas. Arc strikes or severed temporary welds shall be
ground smooth to ensure that no abrupt change in section
exists. The smoothed area shall be inspected by an
appropriate nondestructive testing method to ensure that
there are no existing cracks or similar discontinuities.
The Engineer may require hardness testing of the area to
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verify material properties. Any cracks or similar discon-
tinuities shall be repaired in accordance with 12.1.3.

12.3 Removal of Defective Areas. The removal of weld
metal or portions of the base metal may be done by
machining, grinding, chipping, oxygen gouging, or air
carbon arc gouging. It shall be done in such a manner
that the remaining weld metal is not nicked or undercut.
Oxygen gouging shall not be used on quenched and tem-
pered steel. Unacceptable portions of the weld shall be
removed without substantial removal of the base metal.
Additional weld metal, to compensate for any deficiency
in size, shall be deposited using low-hydrogen elec-
trodes, preferably smaller in diameter than those used for
making the original weld, and preferably not more than
5/32 in. [4 mm] in diameter. The surfaces shall be
cleaned thoroughly before welding. Defects that occur in
material handling that do not affect the structural integ-
rity of the design can be repaired by grinding.

12.4 Distortion and Camber. Members distorted by
welding may be straightened by mechanical means or by
carefully supervised application of a limited amount of
localized heat. The temperature of heated areas, as mea-
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sured by approved methods, shall be limited to that
imposed by the materials exposed to the heat, but it shall
not exceed 1100°F [590°C] for quenched and tempered
or normalized and tempered steels, nor 1200°F [650°C]
for other steels. The part to be heated for straightening
shall be substantially free of stress and external forces,
except those stresses resulting from the mechanical
straightening method used in conjunction with the appli-
cation of heat. All heat-straightening operations shall be
covered by an approved written procedure (see 7.2.4).

12.5 Correction of Improperly Fitted and Welded
Members. If a weld is found to be unacceptable after
additional work has rendered it inaccessible, or new con-
ditions make correction of the unacceptable weld danger-
ous or ineffectual, the original conditions shall be
restored by removing welds or members, or both, before
the corrections are made. If this is not done, the defi-
ciency shall be compensated for by additional work per-
formed according to an approved revised design.
Improperly fitted and welded members require Design
Engineer approval prior to cutting apart. Cutting is to be
handled by methods similar to those in 12.3.
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Mandatory Annex

Annex |

Prequalified Weld Joints

(This Annex is a part of AWS D14.1/D14.1M:2005, Specification for Welding of Industrial and Mill Cranes
and Other Material Handling Equipment, and includes mandatory elements for use with this standard.)

AWS D14.1/D14.1M:2005

Butt Joint (B)

Corner Joint (C)

Limited (L)
Square-Groove Weld (1)

Base Metal Groove Preparation
Thickness, in. [mm] Gas
(U = Unlimited) Tolerances, in. [mm] Permitted | Shielding
Welding Joint As Detailed As Fit Up Welding for
Process | Designation T4 T, Root Opening (see 6.13) (see 7.4.4) Positions FCAW | Notes
SMAW B-L1a 1/4[6] max | — R=T, +1/16 [2], -0 | +1/4 [6], —1/16 [2] All — —
C-L1a 1/4 [6] max U R=T, +1/16 [2], -0 | +1/4 [6], —1/16 [2] All — —
GMAW | B | 1a.-GF | 3/8[10]max | — R=T +A6[2,-0 | +1/4[6],—116[2] | Al Not A
FCAW ! ’ ’ Required
(A)

Butt Joint (B)
Limited (L)
Square-Groove Weld (1)

$

e

BACKGOUGE EXCEPT B-L1-S

Base Metal Groove Preparation
Thickness, in. [mm] Gas
(U = Unlimited) Tolerances, in. [mm] Permitted | Shielding
Welding Joint Root Opening, As Detailed As Fit Up Welding for
Process | Designation T4 T, in. [mm] (see 6.13) (see 7.4.4) Positions FCAW | Notes
SMAW B-L1b 1/4[6] max | — = 121 +1/16[2], -0 | +1/16 [2], —1/8 [3] All — C
GMAW Not
FCAW B-L1b-GF | 3/8[10Jmax | — | R=0t01/8[3] | +1/16[2], -0 | +1/16 [2], —1/8 [3] All Required A C
SAW B-L1-S 3/8[10] max | — R=0 +0 +1/16 [2], -0 Flat — D
(B)

Note A: Not prequalified for gas metal arc welding using short circuiting transfer.

Note C: Gouge root before welding second side.

Note D: Welds shall be centered on joint.
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T-Joint (T)
Corner Joint (C) I'\\
Limited (L) F-
Square-Groove Weld (1) ' | /
' | BACKGOUGE
VN -
P Y b7
| T
' ¥
/| NOTEJ
g
T2
Base Metal Groove Preparation
Thickness, in. [mm] Gas
U = Unlimited Tolerances, in. [mm
( imited) in- [mm] Permitted | Shielding
Welding Joint Root Opening, As Detailed As Fit Up Welding for
Process | Designation T4 T, in. [mm] (see 6.13) (see 7.4.4) Positions FCAW | Notes
SMAW TC-L1b 1/4 [6] max U = 121 +1/16 [2], -0 | +1/16 [2], —1/8 [3] All — cC,J
GMAW Not
FCAW TC-L1-GF | 3/8 [10] max R=0to1/8[3] | +1/16[2],-0 | +1/16 [2], —1/8 [3] All Required ACJ
SAW TC-L1-S 3/8 [10] max R=0 +0 +1/16 [2], -0 Flat — C,J
(€)
Butt Joint (B) Tolerances, in. [mm] for R; ° for o
Unlimited (U)
Limited (L) As Detailed As Fit Up
Single-V-Groove Weld (2) /\ (see 6.13) (see 7.4.4)
o
Y/ W/ | R=+1/16 [2], +1/4 6],
c -0 -1/16 [2]
\ o =+10° -0° +10°, -5°
\
——— 7
R
Base Metal
Thickness, in. [mm]
(U = Unlimited) Groove Preparation ) Gas
Permitted | Shielding
Welding Joint Root Opening, Welding for
Process | Designation T4 T, in. [mm] Groove Angle Positions(") FCAW Notes
R =1/4[6] o = 45° All — —
SMAW B-U2a u — R =3/8[10] o = 30° F, V, OH — —
R=1/2[13] o = 20° F V, OH — _
GMAW R =3/16 [5] o = 30° F, V, OH | Required A
FCAW B-U2a-GF U — R =1/4[6] o = 30° F, V, OH Not Req. A
R =3/8[10] o = 45° F,V,OH | Not Req. A
SAW B-L2a-S 2 [50] max — R =1/4[6] o = 30° F — —
SAW B-U2-S U — R =5/8 [16] o =20° F — —
(D)
Note A: Not prequalified for gas metal arc welding using short circuiting transfer.

Note C:
Note J:

Gouge root before welding other side.

If fillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to

1/4 T4, but need not exceed 3/8 in. [10 mm]. Groove welds in corner and T-joints of cyclically loaded structures shall be rein-

forced with fillet welds equal to 1/4 T4, but need not exceed 3/8 in. [10 mm].
(1) F =Flat, OH = Overhead, V = Vertical

Figure 1.1 (Continued)—Prequalified Complete Joint Penetration Groove Welded Joints
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Corner Joint (C) Tolerances, in. [mm] for R; ° for o
Unlimited (U)
Limited (L) As Detailed As Fit Up
Single-V-Groove Weld (2) o / \ (see 6.13) (see 7.4.4)
:’ 7 R=+1/16 [2], +1/4 6],
_L -0 -1/16 [2]
o=+10° —0° +10°, —5°
— {
T
R
T2
Base Metal
Thickness, in. [mm]
(U = Unlimited) Groove Preparation Permitted Gas
Welding Joint Root Opening, Welding | Shielding
Process | Designation T, T, in. [mm] Groove Angle Positions(") | for FCAW | Notes
R =1/4[6] o = 45° All — —
SMAW C-U2a U — R =3/8[10] o = 30° F, vV, OH — —
R=1/2[13] o= 20° F,V, OH — —
GMAW R =3/16 [5] o = 30° F, V,OH | Required A
FCAW C-U2a-GF U — R =3/8[10] o = 30° F, V,OH | Not Req. A
R =1/4[6] o = 45° F,V,OH | Not Req. A
SAW C-L2a-S 2 [50] max — R=1/41[6] o = 30° F — —
SAW C-U2-S U — R =5/8[16] o =20° F — —
(E)
Butt Joint (B)
Unlimited (U)
Limited (L) L\ < BACKGOUGE

Single-V-Groove Weld (2)
Y
L™
R

Base Metal Groove Preparation
Thickness, in. [mm] Root Opening Tolerances, in. [mm]
(U = Unimited) Root Face, ' forR&F° fora Permitted Gas
Welding Joint in. [mm] As Detailed As Fit Up Welding Shielding
Process | Designation T4 T, | Groove Angle (see 6.13) (see 7.4.4) Positions | for FCAW | Notes
R=0to1/8[3] | +1/16[2],-0 |+1/16[2],—1/8 [3]
SMAW B-U2 U — | f=0t01/8[3] | +1/16[2],-0 Not Limited All — C
o = 60° +10°, —0° +10°, —5°
R=0to 1/8[3] | +1/16[2],-0 |+1/16[2], -1/8 [3]
,G:g"/f‘vv\\,’ B-U2-GF u — | f=0to1/8[3] | +1/16[2] -0 | Not Limited All ReN;’itre 4| AC
0. = 60° +10°,—0° +10°, -5° q
R=0
O"tir11/[§5[]1 811 — | £=1/4[6] max
o = 60°
R=0 R==0 +1/16 [2], -0
SAW | B-L2cS 0‘4?2/12[[24%]]” — |f=12 18] max| f=+0,f +1/16 [2] F — c
o =60° o=+10° -0° +10°, =5°
R=0
Over 1-1/2[40]
— | f=5/8[16] max
to 2 [50] 0. = 60°
(F)

Note A: Not prequalified for gas metal arc welding using short circuiting transfer.
Note C: Gouge root before welding other side.

(1) F =Flat, OH = Overhead, V = Vertical
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Corner Joint (C)
Unlimited (U) I’\\
Single-V-Groove Weld (2) F-
N BACKGOUGE
i LNOTE J
R
T2
Base Metal Groove Preparation
Thickness, in.
[mm] Root Openin Tolerances, in. [mm]
(U = Unlimited) Root IF:)ace,g for R&f; ° for o Permitted | Gas
Welding Joint in. [mm] As Detailed As Fit Up Welding | Shielding
Process | Designation Ty T, Groove Angle (see 6.13) (see 7.4.4) Positions | for FCAW | Notes
R=0to1/8[3] | +1/16[2],-0 | +1/16[2], -1/8 [3]
SMAW C-U2 U U f=0to 1/8[3] +1/16 [2], -0 Not Limited All — C,J
o =60° + 10°, —0° +10°, -5°
R=0to1/8[3] | +1/16[2],-0 | +1/16[2], -1/8 [3]
%g"ﬁ‘v"\\,’ C-U2-GF U U | f=0to1/8[3] | +1/16[2]. -0 Not Limited All ReNL?itre 4lAcC
0. = 60° +10°,-0° +10°, -5° q
R=0 R==0 +1/16 2], -0
SAW C-U2b-S U U f=1/4[6] max | f=+0,-1/4[6] +1/16 [2] Flat — C J, K
o =60° o=+10° -0° +10°, =5°
@)
Butt Joint (B) Tolerances, in. [mm] for R, f,
gnllrglltes gJ) Weld (3) / or Spacer; ° for o
ouble-V-Groove We
o BACKGOUGE As Detailed | As Fit Up
K/ (see 6.13) (see 7.4.4)
R==x0 +1/4 [6], -0
\ f=+0 +1/16 [2], -0
T a=+10°,-0°| +10°, —5°
f - Spi%er = | #1162, -0
Base Metal
Thickness, in. [mm]
(U = Unlimited) Groove Preparation Permitted Gas
Welding Joint Root Opening, Root Face, Groove Welding Shielding
Process | Designation T4 T, in. [mm] in. [mm] Angle Positions(") for FCAW | Notes
U, preferably R=1/41[6] f=0t01/8[3] | a=45° All —
SMAW B-U3a S/ii[ggror _ | R=38[10] [ f=0t01/8[3] | «=30°| FV,OH — C.M
Spacer = 1/8R R=1/2[13] f=0t0o1/8[3] | aa=20° F, Vv, OH —
U o
SAW B-U3a-S Spacer=1/4R | — R =5/8 [16] f=0to1/4[6] | =20 F — C,M

(H)

Note A: Not prequalified for gas metal arc welding using short circuiting transfer.

Note C: Gouge root before welding other side.

Note J: If fillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to
1/4 T4, but need not exceed 3/8 in. [10 mm]. Groove welds in corner and T-joints of cyclically loaded structures shall be rein-
forced with fillet welds equal to 1/4 T4, but need not exceed 3/8 in. [10 mm].

Note K:  Weld root after welding at least one pass on narrow side.

Note M: Double-groove welds may have grooves of unequal depth, but the depth of the shallower groove shall be no less than one-
fourth of the thickness of the thinner part joined.

(1) F =Flat, OH = Overhead, V = Vertical

Figure 1.1 (Continued)—Prequalified Complete Joint Penetration Groove Welded Joints
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Butt Joint (B) For B-U3c-S only, in. [mm]
Unlimited (U)
Double-V-Groove Weld (3) BACKGOUGE T 5
o /\ >2 [51]to <2-1/2 [63] | 1-3/8 [35]
i T >2-1/2 [63] to <3 [75] 1-3/4 [44]
r S4 1 >3[75]to <3-5/8 [92] | 2-1/8 [54]
\\ // >3-5/8 [92] to <4 [102] | 2-3/8 [60]
1 —F >4 [102] to <4-3/4 [121] | 2-3/4 [70]
7 N\ >4-3/4 [121] to <5-1/2 [140] | 3-1/4 [83]
L T f >5-1/2 [140] to <6-1/4 [159] | 3-3/4 [95]
R S
For Ty > 6-1/4 [159], or T, <2 [50]
B S =2/3 (T - 1/4 [6))
Base Metal Groove Preparation
Thickness, in.
[mm] Root Opening Tolerances, in. [mm]
U = Unlimited for R & f; ° for
( imited) Root Face, “ Permitted Gas
Welding Joint in. [mm] As Detailed As Fit Up Welding Shielding
Process | Designation T4 T, | Groove Angle | (see 6.13) (see 7.4.4) Positions for FCAW | Notes
SMAW B-U3b U R=0to 1/8[3] | +1/16 [2], -0 | +1/16 [2], —1/8 [3] All — C,M
GMAW preferably5/8 | — | f=0to 1/8[3] | +1/16 [2], -0 Not Limited Not
Fcaw | BU3GF | [16] or thicker 0=B=60° | +10° —0° +10°, -5° Al Required | & C'M
R=0 +0 +1/16 [2], -0
f = 1/4 [6] max +0, —f +1/16 [2]
SAW B-U3c-S U — o = 60° +10°, —0° +10°, —5° Flat — C,M
To find S; see table above; S, =T; — (5S¢ +f)
(U]
Butt Joint (B) Tolerances, in. [mm] for R; ° for o
Unlimited (U)
Single-Bevel-Groove Weld (4) As Detailed As Fit Up
/( l\ (see 6.13) (see 7.4.4)
{ [ o R=+1/16[2], -0 | +1/4 [6], —1/16 [2]
| i o =+10° -0° +10°, —5°
S N
—’I Ty I“
Base Metal
Thickness, in. [mm]
(U = Unlimited) Groove Preparation )
Permitted Gas
Welding Joint Root Opening, Welding Shielding
Process | Designation T4 T, in. [mm] Groove Angle Positions for FCAW Notes
R =1/4[6] o = 45° All — Br
SMAW B-Uda u R=3/8[10] 0.=30° Al — Br
R =3/16 [5] o = 30° All Required A
GMAW | g F R ° Al Not R A
FCAW -Uda-G U — =1/4[6] o =45 ot Req.
R =3/8[10] o = 30° Flat Not Req. A
)
Note A: Not prequalified for gas metal arc welding using short circuiting transfer.

Note Br:
Note C:
Note M:

Gouge root before welding second side.

fourth of the thickness of the thinner part joined.

Dynamic load application limits these joints to the horizontal welding position.

Double-groove welds may have grooves of unequal depth, but the depth of the shallower groove shall be no less than one-

Figure 1.1 (Continued)—Prequalified Complete Joint Penetration Groove Welded Joints
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T- or Corner Joint (TC) Tolerances, in. [mm] for R; ° for o
Unlimited (U) I_l
Single-Bevel-Groove Weld (4) NOTE J As Detailed As Fit Up
|\ (see 6.13) (see 7.4.4)
F-> R=+1/16[2], -0 | +1/4 [6], —1/16 [2]
. NOTE V a=+10°,—0° +10°, -5°
S
T4
v
—>‘ T2 L
Base Metal
Thickness, in. [mm]
U = Unlimited Groove Preparation
( ) i Permitted
Welding Joint Root Opening, Welding | Gas Shielding
Process | Designation T4 T, in. [mm] Groove Angle Positions(") for FCAW Notes
R =1/4[6] o = 45° All — J,V
MAW TC-U4
S C-Uda v v R =3/8[10] o =30° F.V, OH _ 4V
GMAW R =3/16 [5] o = 30° All Required AJV
FCAW TC-U4a-GF U U R =3/8[10] o = 30° F Not Req. AJV
R =1/4[6] o = 45° All Not Req. AJV
R =3/8[10] o = 30° F — J, Vv
SAW | TC-U4a-S v v R = 1/4 6] o= 45° F — JV
(K)
Butt Joint (B)
Unlimited (U)

Single-Bevel-Groove Weld (4)

j f

A

j__(; £\ BACKGOUGE
RJ_ N N\

->| Ty I‘-

Base Metal Groove Preparation
Thickness, in.
[mm] Root Opening Tolerances, in. [mm]

U = Unlimited ’ for R & f; ° for o .

( ) Root Face, Permitted Gas
Welding Joint in. [mm] As Detailed As Fit Up Welding Shielding
Process | Designation T4 T, Groove Angle (see 6.13) (see 7.4.4) Positions | for FCAW | Notes
SMAW B-U4b U — | R=0t01/8[3] | +1/16[2],-0 | +1/16[2], —1/8 [3] All - c
GMAW f=0t01/8[3] | +1/16[2], -0 Not Limited Not
FCAW B-U4b-GF U — o = 45° +10°, —0° 10°, -5° All Required AC

(L)

Note A: Not prequalified for gas metal arc welding using short circuiting transfer.

Note C: Gouge root before welding second side.

Note J: If fillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to
1/4 T4, but need not exceed 3/8 in. [10 mm]. Groove welds in corner and T-joints of cyclically loaded structures shall be rein-
forced with fillet welds equal to 1/4 T4, but need not exceed 3/8 in. [10 mm].

Note V: For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is
not changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

(1) F =Flat, OH = Overhead, V = Vertical

Figure 1.1 (Continued)—Prequalified Complete Joint Penetration Groove Welded Joints
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T- or Corner Joint (TC)
Unlimited (U)

Single-Bevel-Groove Weld (4)

N
1\
}.-A
/IR \BACKGOUGE
k-
' NOTE V
"NOTE J

Base Metal Groove Preparation
Thickness, in. [mm] Root Openin Tolerances, in. [mm]
(U = Uniimited) | "0t Pace. for R&f; ° for o Permitied | Gas
Welding Joint in. [mm] As Detailed As Fit Up Welding | Shielding
Process | Designation T4 T, | Groove Angle (see 6.13) (see 7.4.4) Positions | for FCAW | Notes
SMAW TC-U4b R=0to 1/8[3]| +1/16[2],-0 | +1/16[2], —1/8 [3] All — CJV
GMAW f=0to1/8[3] | +1/16[2], -0 Not Limited Not
FCAW TC-U4b-GF o = 45° +10°, —0° +10°, —5° All Required AC
R=0 +0 +1/4 [6], -0 C.JV
SAW TC-U4b-S U U |f=1/4[6]max | +0,-1/8[3] +1/16 [2] Flat — BV
o = 60° +10°, —0° +10°, —5°
(M)
T-Joint (T) Tolerances, in. [mm] for R; ° for o
Corner Joint (C)
Unlimited (U) As Detailed As Fit Up
Single-Bevel-Groove Weld (4) |\ (see 6.13) (see 7.4.4)
iV \ - NOTEV R=+1/16[2], -0 | +1/4[6], —1/16 [2]
1 1y o=+10° -0° +10°, -5°
V R\
\\ >\ N
T
T2 —_— R /\t
45° TO 90°
Base Metal
Thickness, in. [mm]
(U = Unlimited) Groove Preparation Permitted
Welding Joint Root Opening, Welding Gas Shielding
Process | Designation Ty To in. [mm] Groove Angle Positions for FCAW Notes
R =1/41[6] o = 45° All —
SMAW TC-U4d U u R=2/8[10] = 30° EV, OH® — J, Vv
GMAW R =3/16 [5] o = 30° All Required
FCAW TC-U4d-GF U U R =3/8[10] o = 30° Flat Not Req. AJV
R =1/41[6] o = 45° All Not Req.
R =3/8[10] o = 30°
SAW TC-U4d-S U u R=1/4[0] o= 45° Flat — J Vv
(N)
Note A: Not prequalified for gas metal arc welding using short circuiting transfer.

Note C:
Note J:

Gouge root before welding second side.
If fillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to

1/4 T4, but need not exceed 3/8 in. [10 mm]. Groove welds in corner and T-joints of cyclically loaded structures shall be rein-
forced with fillet welds equal to 1/4 T4, but need not exceed 3/8 in. [10 mm].

Note V:

For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is

not changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

Note Y:

(1) F =Flat, OH = Overhead, V = Vertical

Shielded metal arc or submerged arc backing fillet weld required.
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T-Joint (T)
Corner Joint (C)
Unlimited (U)

Single-Bevel-Groove Weld (4)

T

]y

N
1\
I.-A
l\l \BACKGOUGE
f}7 NOTE V
v
T NOTE J

T2
TO 90°
Base Metal Groove Preparation
Thickness, in. [mm] Root Openi Tolerances, in. [mm]
1 penin o
(U = Unlimited) Root Face, 9 forR & f; ° for a Permitted Gas
Welding Joint in. [mm] As Detailed As Fit Up Welding | Shielding
Process | Designation T4 T, | Groove Angle (see 6.13) (see 7.4.4) Positions | for FCAW | Notes
SMAW TC-U4c U U |R=0to1/8[3]| +1/16[2],-0 |+1/16[2], —1/8[3] All — CJ, VvV
GMAW f=0to1/8[3] | +1/16[2], -0 Not Limited Not A CJ,
FCAw | 'CU4c-GF o = 45° +10°, —0° +10°, =5° Al | Required |V
R=0 +0 +1/4 [6], -0 CJV
SAW TC-L4c-S U U |f=1/4[6lmax | +0,-1/8[3] +1/16 [2] Flat — ’ Y ’
o = 60° +10°, —0° +10°, —5°
0)
Butt.Joint (B) N Tolerances, in. [mm]
T-Joint (T) RN for R, f, & Spacer; ° for o
Corner Joint (C) [
Unlimited (U) ‘ As Detailed As Fit Up
Single-Bevel-Groove Weld (4) /BACKGOUGE (see 6.13) (see 7.4.4)
N\ R==0 1174 [6], 0
b-o f=+1/16[2], 0 +1/16 [2]
7 o=+10°-0° +10°, —5°
Spacer =
+1/16 [2], -0 +1/8[3], -0
Spacer same steel as base metal.
Base Metal Thickness,
in. [mm]
(U = Unlimited) Groove Preparation Permitted Gas
Welding Joint Root Opening, Root Face, Groove Welding Shielding
Process | Designation T4 T, in. [mm] in. [mm] Angle Positions for FCAW | Notes
B-U5b — R=1/41[6 f=0to 1/8[3 = 45° All — C,M
U, preferably [6] ° 8 | o CJM
5/8 [16] or R =1/4[6] f=0to1/8[3] | aa=45° All — N
SMAW h \
TC-Usa thicker v Flat & C.AM
S =1/8R = = =30° — v
pacer R =3/8[10] f=0t01/8[3] | =30 Overhead v
(P)

Note A: Not prequalified for gas metal arc welding using short circuiting transfer.

Note C:
Note J:

Gouge root before welding second side.
If fillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to

1/4 T4, but need not exceed 3/8 in. [10 mm]. Groove welds in corner and T-joints of cyclically loaded structures shall be rein-
forced with fillet welds equal to 1/4 T4, but need not exceed 3/8 in. [10 mm].

Note M:

fourth of the thickness of the thinner part joined.

Note V:

Double-groove welds may have grooves of unequal depth, but the depth of the shallower groove shall be no less than one-

For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is

not changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

Note Y:

Shielded metal arc or submerged arc backing weld required.

Figure 1.1 (Continued)—Prequalified Complete Joint Penetration Groove Welded Joints
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Butt Joint (B)

Unlimited (U) f/<\
Double-Bevel-Groove Weld (5)
(X)\ L o
N/ iz BACKGOUGE
T
Groove Preparation
Base Metal
Thickness, in. [mm] . Tolerances, in. [mm]
(U = Unlimited) ~ | Root Opening for R &f; ° for o. & B _
Root Face, Permitted Gas
Welding Joint in. [mm] As Detailed As Fit Up Welding | Shielding
Process | Designation T4 T, | Groove Angle (see 6.13) (see 7.4.4) Positions | for FCAW | Notes
U, preferably f=0to1/8 [[3]] +1/16 [2], -0 Not Limited C. M
SMAW B-U5a 5/8 [16] or — o All — S
thicker 5 i f'os 5o | 0BT a+pY z
R=0to 1/8 [3] +1/16[2],—0 +1/16[2],—0
GMAW U, preferably f=0to 1/8 3] +1/16 2], -0 +1/16 [2], -0 Not A, C,
B-U5-GF 5/8 [16] or — " ke All ;
FCAW thicker o=45 o+ B+10° o+ B+1O° Required M
B =0°to 15° -0° -0°
@
T- or Corner Joint (TC)
Unlimited (U)
Double-Bevel-Groove Weld (5)
\BACKGOUGE
NOTE V
NOTE J

Base Metal Groove Preparation
Thickness, in. [mm] Root Opening Tolerances, in. [mm]
(U = Unlimited) Root Face, forR&f, " fora Permitted Gas
Welding Joint in. [mm] As Detailed As Fit Up Welding | Shielding
Process | Designation T T, Groove Angle (see 6.13) (see 7.4.4) Positions | for FCAW | Notes
SMAW | TC-Usb U U | R=0to1/8[3] | +1/16 2], -0 | +1/16[2], —=1/8[3]| Al — oM
f=0to1/8[3] | +1/16[2], -0 Not Limited
GMAW _ Ao o o o _ro Not A C,J,
FCAW TC-U5-GF U U o=45 +10°, -0 +10°, -5 All Required | M, V
R=0 +0 +1/16 [2], -0 CJM
SAW TC-U5-S U U |f=238/16[5] max | +0, —3/16 [5] +1/16 [2] Flat — Vo
o = 60° +10°, —0° +10°, —5°
(R)

Note A: Not prequalified for gas metal arc welding using short circuiting transfer.

Note C: Gouge root before welding other side.

Note J: If fillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to
1/4 T4, but need not exceed 3/8 in. [10 mm]. Groove welds in corner and T-joints of cyclically loaded structures shall be rein-
forced with fillet welds equal to 1/4 T4, but need not exceed 3/8 in. [10 mm].

Note M: Double-groove welds may have grooves of unequal depth, but the depth of the shallower groove shall be no less than one-
fourth of the thickness of the thinner part joined.

Note V: For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is
not changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

Note Z: When lower plate is beveled, make the first root pass on this side.

Figure 1.1 (Continued)—Prequalified Complete Joint Penetration Groove Welded Joints
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T-Joint (T)_ N Tolerances, in. [mm]
Corner Joint (C) N for R, f, & Spacer; ° for o
Unlimited (U) p-> : ,
Double-Bevel-Groove Weld (5) _( / As Deéa;lgd As F;t 32
BACKGOUGE (see 6.19) (see 7.4.4)
R =20 +1/4 (6], -0
f=+1/16 [2], -0 +1/16 [2]
NOTE V o=+10°-0° +10°, —5°
Spacer =
+1/16 [2], -0 +1/8[3], -0
Spacer same steel as base metal.
NOTE J
60° TO 90°
Base Metal
Thickness, in. [mm]
(U = Unlimited) Groove Preparation Gas
Welding Joint Root Opening Root Face, Groove Permitted Shielding
Process | Designation Ty T, in. [mm] in. [mm] Angle | Welding Positions | for FCAW | Notes
o R=1/4[6] |f=0t01/8[3] | o= 45° Al S
SMAW | TC-USe | gpacer=1/8R | Y C.oM
P - R =3/8[10] f=01t01/8[3] | o =30° | Flat & Overhead — ’ V ’
(S
T-Joint (T)
Corner Joint (C)
Unlimited (U)
Double-Bevel-Groove Weld (5)
BACKGOUGE
NOTE V
NOTE J
60° TO 90°
Base Metal Groove Preparation
Thickness,
in. [mm] Root Opening Tolerances, in. [mm]
= Unlimi for R & f; ° f
(U = Unlimited) Root Face, orR &, ° for o Permitted Gas
Welding Joint in. [mm] As Detailed As Fit Up Welding Shielding
Process | Designation T T, | Groove Angle (see 6.13) (see 7.4.4) Positions | for FCAW | Notes
R=0to 1/8[3]| +1/16[2],-0 | +1/16 [2], —1/8 [3] C.JM
SMAW TC-U5d um U | f=0to1/8[3] | +1/16[2], -0 Not Limited All — ’ V ’
o = 45° +10°, —0° +10°, —5°
(1)
Note C: Gouge root before welding other side.

Note J: If fillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to
1/4 T4, but need not exceed 3/8 in. [10 mm]. Groove welds in corner and T-joints of cyclically loaded structures shall be rein-
forced with fillet welds equal to 1/4 T4, but need not exceed 3/8 in. [10 mm].

Double-groove welds may have grooves of unequal depth, but the depth of the shallower groove shall be no less than one-
fourth of the thickness of the thinner part joined.

For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is
not changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

(1) It is recommended that T is 5/8 in. [16 mm] or thicker.

Note M:

Note V:

Figure 1.1 (Continued)—Prequalified Complete Joint Penetration Groove Welded Joints
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Butt Joint (B) Tolerances, in. [mm]
Corner Joint (C) N for R, f, & r; ° for o
Unlimited (U) N . .
Single-U-Groove Weld (6) As Detailed As Fit Up
N\ BACK- (see 6.13) (see 7.4.4)
H\ GOUGE| R=+1/16[2], -0 | +1/16 [2], —1/8 [3]
f=1+1/16 [2] Not Limited
+ o =+10° —0° +10°, -5°
W r=+1/8 [3], -0 +1/8 [3], -0
“ T
LK)
R Groove Radius (r) =
To 1/4 in. [6 mm] for all
Base Metal
Thickness, in. [mm]
U = Unlimited G P ti
( nlimited) roove Preparation Permitted
Welding Joint Root Opening, Root Face, Groove Welding Gas Shielding
Process | Designation T, T, in. [mm] in. [mm] Angle Positions for FCAW Notes
R =0to 1/8 [3] f=1/8[3] o = 45° All — C
B-
SMAW U6 v U R=0t01/8[3] f=1/8[3] o =20° F, OH( — C
C-Us U R =0to 1/8 [3] f=1/8[3] o = 45° All — C,J
R =0to 1/8 [3] f=1/8[3] o =20° F, OH() — CJ
GMAW B-U6-GF U U R =0to 1/8 [3] f=1/8[3] o =20° All Not Req. C,M
FCAW C-Ue-GF U U R =0to 1/8 [3] f=1/8[3] o =20° All Not Req. AC,J
)
Butt-Joint (B) Tolerances, in. [mm]
gnllr;nea (C:J) Weld 7 \H for R, f, &r; ° for o
ouble-U-Groove Weld (7
BACKGOUGE | Ag Detailed As Fit Up
(see 6.13) (see 7.4.4)
For B-U7 and B-U7-GF
_ _ +1/16 [2],
R=+1/16 [2], -0 ~1/8[3]
f=+1/16[2],-0 | Not Limited
o =+10° —0° +10°, —5°
Groove Radius (r) = r=+1/4[6], 0 +1/16 [2]
1/4 in. [6 mm] for all For B-U7-S
R=+0 +1/16 [2], -0
f=+0, -1/4 [6] +1/16 [2]
Base Metal
Thickness, in. [mm]
U = Unlimited G P ti
( nlimited) roove Preparation Permitted Gas
Welding Joint Root Opening, Root Face, Groove Welding | Shielding
Process | Designation T, T, in. [mm] in. [mm] Angle Positions | for FCAW | Notes
R =0to 1/8 [3] f=1/8[3] o = 45° All — C, M,
SMAW B-U7 v R =0to 1/8 [3] f=1/8[3] o =20° F, OH(" — C,M
GMAW _ _ _ opo Not
FCAW B-U7-GF — | R=01t01/8[3] f=1/8[3] o=20 All Required A, CM
SAW B-U7-S — R=0 f = 1/4 [6] max o =20° Flat — C,M
v)
Note A: Not prequalified for gas metal arc welding using short circuiting transfer.

Note C:
Note J:

Gouge root before welding other side.
If fillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to

1/4 T4, but need not exceed 3/8 in. [10 mm]. Groove welds in corner and T-joints of cyclically loaded structures shall be rein-
forced with fillet welds equal to 1/4 T4, but need not exceed 3/8 in. [10 mm].

Note M:

fourth of the thickness of the thinner part joined.
(1) F=Flat, OH = Overhead

Double-groove welds may have grooves of unequal depth, but the depth of the shallower groove shall be no less than one-

Figure 1.1 (Continued)—Prequalified Complete Joint Penetration Groove Welded Joints
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Butt Joint (B)
Unlimited (U)
Single-J-Groove Weld (8)

Tolerances, in. [mm]
forR, f, & r; ° for o0

As Detailed As Fit Up
(see 6.13) (see 7.4.4)

R = +1/16 [2], -0 +_‘CBG [[32]]'
f=+1/16 [2], -0 Not Limited
a=+10° —0° +10°, —5°

r=+1/41[6], -0 +1/16 [2]

£\
|\ BACKGOUGE Groove Radius (r) =
3/8 in. [10 mm] for all
Base Metal
Thickness, in. [mm]
U = Unlimited Groove Preparation
( imited) v parar Permitted Gas

Welding Joint Root Opening, Root Face, Groove Welding | Shielding

Process | Designation T4 T, in. [mm] in. [mm] Angle Positions | for FCAW | Notes

SMAW B-U8 U — R=0to 1/8 [3] f=1/8[3] o = 45° All — C

GMAW o

FCAW B-U8-GF U — R=0to 1/8 [3] f=1/8[3] o =45 All Not Req. AC
W)
- | Joint M Tolerances, in. [mm]
-'| Corner Joint (C) N for R, f, & r; ° for o
| Unlimited (U) 1\
| Single-J-Groove Weld (8) F-> As Detailed As Fit Up
‘ / (see 6.13) (see 7.4.4)

BACKGOUGE
AN R=+116[2,—0 | *V16[2]

~1/8 (3]

f=+1/16[2], -0 | Not Limited

o=+10°-0° +10°, -5°

l r=+1/4[6], -0 +1/16 [2]

Groove Radius (r) =
3/8in. [10 mm] for all

Base Metal
Thickness, in. [mm]
(U = Unlimited) Groove Preparation )
Permitted Gas

Welding Joint Root Opening, Root Face, Groove Welding | Shielding
Process | Designation T4 To in. [mm] in. [mm] Angle Positions | for FCAW | Notes

R =0to 1/8 [3] o = 45° f=1/8[3] All — C J Vv
SMAW TC-U8a u u R=0to1/8[3] o= 30° f=1/8[3] F, OH(M — C,J,V
GMAW o _ Not A C,J,
FCAW TC-U8a-GF U U R=0to 1/8 [3] o =30 f=1/8[3] All Required Vv

(X)

Note A: Not prequalified for gas metal arc welding using short circuiting transfer.

Note C: Gouge root before welding other side.

Note J: If fillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to
1/4 T4, but need not exceed 3/8 in. [10 mm]. Groove welds in corner and T-joints of cyclically loaded structures shall be rein-
forced with fillet welds equal to 1/4 T4, but need not exceed 3/8 in. [10 mm].

Note V: For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is
not changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

*F = Flat, OH = Overhead

Figure 1.1 (Continued)—Prequalified Complete Joint Penetration Groove Welded Joints
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T-Joint (T) Tolerances, in. [mm]
Corner Joint (C) for R, f, & r; ° for a0
Unlimited (U) . -
Single-J-Groove Weld (8 As Detailed As Fit Up
g v ® (see 6.13) (see 7.4.4)
BACKGOUGE
_ _ +1/16 [2],
R=+1/16[2], -0 ~1/8 [3]
NOTE V f=+1/16[2],-0 | Not Limited
o =+10° -0° +10°, —5°
r=+1/4[6], -0 +1/16 [2]
NOTE J
45°TO 90° Groove Radius (r) =
=~ 3/8 in. [10 mm] for all
Base Metal
Thickness, in. [mm]
U = Unlimited G P ti
( nlimited) roove Preparation Permitted Gas
Welding Joint Root Opening, Root Face, Groove Welding Shielding
Process | Designation Ty T, in. [mm] in. [mm] Angle Positions | for FCAW | Notes
R =0to 1/8 [3] f=1/8[3] o = 45° All — CJV
SMAW TC-U8b v v R =0to 1/8 [3] f=1/8[3] o = 30° F, OH( — CJV
GMAW o Not AGC
FCAW TC-Ub8-GF U U R=0to 1/8 [3] f=1/8[3] o =30 All Required Y,
(Y)
(1) F =Flat, OH = Overhead
But? J_oint (B) Tolerances, in. [mm]
Unlimited (U) Ty | for R, f, & r; ° for o
Double-J-Groove Weld (9) Sy =~
As Detailed As Fit Up
(see 6.13) (see 7.4.4)
-~ R =+1/16 [2], -0 +1/16[[§]]"”8
o f=+1/16[2],-0 | Not Limited
o =+10° -0° +10°, —5°
1 R r=+1/4[3], -0 +1/16 [2]
|\ BACKGOUGE Groove Radius (r) =
3/8 in. [10 mm] for all
Base Metal
Thickness, in. [mm]
U = Unlimited G P ti
( nlimited) roove Preparation Permitted Gas
Welding Joint Root Opening, Root Face, Groove Welding | Shielding
Process | Designation T T, in. [mm] in. [mm] Angle Positions | for FCAW | Notes
SMAW B-U9 U — R=0to 1/8 [3] f=1/8[3] o = 45° All — C,M
GMAW Not
-U9- (1) — = = - 30°
FCAW B-U9-GF U R=0to 1/8 [3] f=1/8[3] o =30 All Required A C,M
(Z1)
Note A: Not prequalified for gas metal arc welding using short circuiting transfer.
Note C: Gouge root before welding second side.
Note J:

If fillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to
1/4 T4, but need not exceed 3/8 in. [10 mm]. Groove welds in corner and T-joints of cyclically loaded structures shall be rein-
forced with fillet welds equal to 1/4 T4, but need not exceed 3/8 in. [10 mm].

Double-groove welds may have grooves of unequal depth, but the depth of the shallower groove shall be no less than one-
fourth of the thickness of the thinner part joined.

For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is
not changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

(1) Itis recommended that T4 is 5/8 in. [16 mm] or thicker.

Note M:

Note V:

Figure 1.1 (Continued)—Prequalified Complete Joint Penetration Groove Welded Joints
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[T-doint (T)

i . N Tolerances, in. [mm]
+| Corner Joint (C) N for R, f, & r; ° for o
-| Unlimited (U) F- : .
| Double-J-Groove Weld (9) As Detailed As Fit Up
: l/ / (see 6.13) (see 7.4.4)
\BACKGOUGE 1716 2]
l\ R=+1/16[2], -0 ~1/8[3]
!-_/7 NOTE V f= +1/160[2], —DO Not L°|m|te°d
v o=+10° -0 +10°, -5
* r=+1/8 3], -0 +1/16 [2]
NOTE J
Groove Radius (r) =
3/8 in. [10 mm] for all
Base Metal
Thickness, in. [mm]
(U = Unlimited) Groove Preparation Permitted Gas
Welding Joint Root Opening Root Face, | Groove Welding Shielding
Process | Designation Ty Ts in. [mm] in. [mm] Angle Positions | for FCAW Notes
R =0to 1/8 [3] f=1/8[3] | o=45° All C, J MV
SMAW TC-U9a ua u o Flat &
R=0to 1/8 [3] f=1/8[3] | «=30 Overhead C J MV
GMAW Not AC J M
- - (1) — — — o , Uy Jd, VL
FCAW TC-U9a-GF U u R=0to 1/8 [3] f=1/8[3] | «=30 All Required v
(Z2)
T-Joint (T) N Tolerances, in. [mm]
Corner Joint (C) RN for R, f, & r; ° for o
Unlimited (U) F-> - -
Double-J-Groove Weld (9) As Detailed As Fit Up
l/ (see 6.13) (see 7.4.4)
BACKGOUGE
_ . +1/16 [2],
l\ R = +1/16 [2], 0 NS
F-- NOTE V f=+1/16[2], -0 Not Limited
v’ o =+10°, —0° +10°, —5°
T, ‘ r=+1/81[6], -0 +1/16 [2]
NOTE J
To— 60° TO 90° Groove Radius () =
3/8 in. [10 mm] for all
Base Metal
Thickness, in. [mm]
(U = Unlimited) Groove Preparation Permitted Gas
Welding Joint Root Opening Root Face, | Groove Welding | Shielding
Process | Designation T4 T, in. [mm] in. [mm] Angle Positions | for FCAW Notes
R =0to 1/8 [3] f=1/8[3] | o=45° All C,J MV
SMAW TC-U9% um U o Flat &
R =0to 1/8 [3] f=1/8[3] | =30 Overhead CJ MV
GMAW Not AC J M
-U9b- ) _ _ _1ap° , G, M,
FCAW TC-U9b-GF U U R=0to 1/8 [3] f=1/8[3] | =30 All Required v
(Z3)
Note A: Not prequalified for gas metal arc welding using short circuiting transfer.
Note C: Gouge root before welding other side.

Note J:

If fillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to

1/4 T4, but need not exceed 3/8 in. [10 mm]. Groove welds in corner and T-joints of cyclically loaded structures shall be rein-
forced with fillet welds equal to 1/4 T4, but need not exceed 3/8 in. [10 mm].

Note M:

fourth of the thickness of the thinner part joined.

Note V:

Double-groove welds may have grooves of unequal depth, but the depth of the shallower groove shall be no less than one-

For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is

not changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.
(1) Itis recommended that T4 is 5/8 in. [16 mm] or thicker.

Figure 1.1 (Continued)—Prequalified Complete Joint Penetration Groove Welded Joints
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Butt Joint (B)
Partial Penetration (P) © R
Square-Groove Weld (1) T
" A |
i f
S K' ') S REINFORCEMENT 1/32 in. [1 mm]
+| |+ R TO 1/8 in. [3 mm]. NO TOLERANCE
Base Metal Groove Preparation
Thickness, in. [mm]
(U = Unlimited) Tolerances, in. [mm] ) )
Permitted Effective
Welding Joint Root Opening, As Detailed As Fit Up Welding Throat (E),
Process | Designation T, T, in. [mm] (see 6.13) (see 7.4.4) Positions in. [mm] Notes
B-P1a 1/8 [3] — R=0to 1/16[2] | +1/16[2], -0 +1/16 [2] All T, —1/32[1] B
MAW
S B-P1c 1/4[6lmax | — | R= % minimum | +1/16[2], -0 +1/16 [2] All 1;1 B, E
(A)
Butt Joint (B)
Partial Penetration (P)
Square-Groove Weld (1) (E2) |
(9 [R|
ar ‘ L
1 T REINFORCEMENT 1/32 in. [1 mm]
11 V1 { TO 1/8 in. [3 mm]. NO TOLERANCE
4L
X )
*”«R REINFORCEMENT 1/32 in. [1 mm]
TO 1/8 in. [3 mm]. NO TOLERANCE
Base Metal Groove Preparation
Thickness, in.
[mm]
= Unlimi Tol in.
(U = Unlimited) olerances, in. [mm] Permitted Effective
Welding Joint Root Opening, As Detailed As Fit Up Welding Throat (E),
Process | Designation T, T, in. [mm] (see 6.13) (see 7.4.4) Positions in. [mm] Notes
SMAW B-P1b 1/4[6lmax | — | R= -.21 minimum | +1/16[2], -0 +1/16 [2] All ?.}—l C2,E

(B)

Note B:  Joints welded from one side.

Note C2: Root need not be gouged before welding other side.
Note E:  Minimum effective throat as stated in Table 5.

Figure 1.2—Prequalified Partial Joint Penetration Groove Welded Joints
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Butt Joint (B)

Corner Joint (C)
Partial Penetration (P)
Single-V-Groove Weld (2)

Groove Preparation
Base Metal v parad
Thickness, in. [mm] Root Opening Tolerances, in. [mm]
U = Unlimited for R & f; ° for ) .
( imited) Root Face, ¢ Permitted Effective
Welding Joint in. [mm] As Detailed As Fit Up Welding | Throat (E),
Process | Designation T, T, | Groove Angle (see 6.13) (see 7.4.4) Positions in. [mm] Notes
R=0 +1/16 [2], -0 | +1/8[3], —1/16 [2]
SMAW BC-P2 1/4 [6] min U |f=1/32[1] min +U, -0 +1/16 [2] All S B, E
o = 60° +10°, —0° +10°, -5°
GMAW R=0 +1/16 [2], -0 | +1/8 [3], —1/16 [2]
FCAW BC-P2-GF | 1/4[6] min U f=1/8[3] min +U, -0 +1/16 [2] All S A B E
o = 60° +10°, —0° +10°, -5°
7116 [11] R=0 +1/16 [2], -0 | +1/8 [3], —1/16 [2]
SAW BC-P2-S min u f=1/4 [6] min +U, -0 +1/16 [2] Flat S B, E
o = 60° +10°, —0° +10°, -5°
©)

Note A: Not prequalified for gas metal arc welding using short circuiting transfer.

Note B: Joint is welded from one side only.

Note E: Minimum effective throat as shown in Table 5.

Figure 1.2 (Continued)—Prequalified Partial Joint Penetration Groove Welded Joints
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Butt Joint (B)
Partial Penetration (P)
Double-V-Groove Weld (3)

S2(E2) \%/
SNEPZON
<'Z £S ¢

> S n
4’@;‘ (NOTESEZ)::

Base Metal Groove Preparation
Thickness,
in. [mm] Root Opening Tolerances, in. [mm] Effective
U = Unlimited for R &f; ° for )
( ) Root Face, ¢ Permitted Throat
Welding Joint in. [mm] As Detailed As Fit Up Welding (E),
Process | Designation T, T, | Groove Angle (see 6.13) (see 7.4.4) Positions in. [mm] Notes
R=0 +1/16 [2], -0 | +1/8 [3],—1/16 [2] EM
SMAW B-P3 1/2[13]min| — | f=1/8[3] min +U, -0 +1/16 [2] All S ‘sz’
o = 60° +10°, —0° +10°, -5°
R=0 +1/16 [2], -0 | +1/8 [3],—1/16 [2]
,G:g"/f‘vv\\,’ B-P3-GF |1/2[13]min| — | f=1/8[38]min |  +U,-0 <116 [2] Al S MA’ '[5)'2
o= 60° +10°, —0° +10°, —5° P
R=0 +1/16 [2], -0 +1/16 [2], -0 E M
SAW B-P3-S 3/4[20] min| — | f=1/4[6] min +U, -0 +1/16 [2] Flat S ’sz’
o= 60° +10°, -0° +10°, -5°
(D)

Note A: Not prequalified for gas metal arc welding using short circuiting transfer.

Note D2: The parts to be joined by partial joint penetration groove welds parallel to the length of the member, bearing joints excepted,
shall be brought into as close contact as practicable. The gap between parts shall not exceed 3/16 in. [5 mm]) except in cases
involving rolled shapes or plates 3 in. [75 mm] or greater in thickness if, after straightening and in assembly, the gap cannot be
closed sufficiently to meet this tolerance. In such cases, a maximum gap of 5/16 in. [8 mm] is applicable provided a sealing weld
or suitable backing material is used to prevent melt-through and the final weld meets the requirements for effective throat. Toler-
ances for bearing joints shall be in accordance with the applicable contract specifications.

Note E:  Minimum effective throat as shown in Table 5.

Note Mp: Double-groove welds may have grooves of unequal depth, provided these conform to Note E. Also, the effective throat (E, or E,),
less any reduction, applies individually to each groove.

Figure 1.2 (Continued)—Prequalified Partial Joint Penetration Groove Welded Joints
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Butt, T-, or Corner Joint (BTC)
Partial Penetration (P)
Single-Bevel-Groove Weld (4) S(E) |R\
O —f=— 1
NOTE J2 F
PR Y 1/ NOTE V
i S J—r v
! S
i T
! ¥
1 1
l.-..’,/‘.-J -
T2 <R (NOTE D2)
Groove Preparation
Base Metal
Thickness, in. [mm] ) Tolerances, in. [mm]
(U = Unlimited) | Root Opening for R&T; °for o _ _
Root Face, Permitted Effective
Welding Joint in. [mm] As Detailed As Fit Up Welding | Throat (E),
Process | Designation T, T, | Groove Angle (see 6.13) (see 7.4.4) Positions in. [mm] Notes
R=0 +1/16[2], -0 | +1/8 [3], —1/16 [2] E VU2
SMAW BTC-P4 U U | f=1/8[3] min u +1/16 [2] All S ‘D2
o =45° +10°, —0° +10°, -5°
Flat &
R=0 +1/16 [2], -0 | +1/8 [3], —1/16 [2] ; S
GMAW | 5ro.p4a-GF | 1/4[6]min | U | f=1/8[3] min ut +1/16 2] Horizontal AE Y,
FCAW o= 45° +10°. —0° +10° —5° Vertical & | o0 1a) J2, D2
’ ’ Overhead
R=0 +1/16 [2], -0 +1/16 [2], -0 E V. J2
SAW TC-P4-S |716[11]lmin| U | f=1/4[6] min +U, -0 +1/16 [2] Flat S ‘D2
o =60° +10°, —0° +10°, —5°
(E)

Note A: Not prequalified for gas metal arc welding using short circuiting transfer.

Note D2: The parts to be joined by partial joint penetration groove welds parallel to the length of the member, bearing joints excepted,

shall be brought into as close contact as practicable. The gap between parts shall not exceed 3/16 in. [5 mm]) except in cases
involving rolled shapes or plates 3 in. [75 mm] or greater in thickness if, after straightening and in assembly, the gap cannot be
closed sufficiently to meet this tolerance. In such cases, a maximum gap of 5/16 in. [8 mm] is applicable provided a sealing weld
or suitable backing material is used to prevent melt-through and the final weld meets the requirements for effective throat. Toler-

ances for bearing joints shall be in accordance with the applicable contract specifications.

Note E:
Note J2:

Minimum effective throat as shown in Table 5.
If fillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to 1/4

T,, but need not exceed 3/8 in. [10 mm].
Note Mp: Double-groove welds may have grooves of unequal depth, provided these conform to Note E. Also, the effective throat (E), less
any reduction, applies individually to each groove.

Note V:

For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is

not changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.
(1) For flat and horizontal positions, the tolerance for f = +U, —0.

Figure 1.2 (Continued)—Prequalified Partial Joint Penetration Groove Welded Joints
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Butt, T-, or Corner Joint (BTC)
Partial Penetration (P)
Double-Bevel-Groove Weld (5)
NOTE V
o (NOTE D2) NOTE J2
<
Base Metal Groove Preparation
Thickness,
in. [mm] . Tolerances, in. [mm]
(U = Unlimited) | Root Opening for R &f; © for o _ _
Root Face, Permitted Effective
Welding Joint in. [mm] As Detailed As Fit Up Welding Throat (E),
Process | Designation T, T, | Groove Angle (see 6.13) (see 7.4.4) Positions in. [mm] Notes
R=0 +1/16[2], -0 | +1/8 [3], -1/16 [2] (S, +S,) D2 E
SMAW BTC-P5 |5/16[8] min| U | f=1/8[3] min U +1/16 [2] All _11/4 [62] 52 ‘Mo
0.=45° +10°, —0° +10°, -5° - VP
R=0 +1/16[2], -0 | +1/8 [3], -1/16 [2] Flat & S;+8 A, D2
= , = ,— ; 1192 , D2,
GMAW | B ps.GF | 1/2 [13] min| U | = 1/8 [3] min Ut +1/16 2] Horizontal E, J2,
FCAW o = 45° +10°. —0° +10°. —5° Vertical & (S1+Sy) Mp
’ ’ Overhead -1/4 [6]
R=0 +0 +1/16 [2], -0 D2 E
SAW TC-P5-S |3/4[20] min| U | f=1/4[6] min +U, -0 +1/16 [2] Flat S;+S, J2. Mo
o= 60° +10°, —0° +10°, -5° P
(F)
Note A: Not prequalified for gas metal arc welding using short circuiting transfer.

Note D2:

The parts to be joined by partial joint penetration groove welds parallel to the length of the member, bearing joints excepted,
shall be brought into as close contact as practicable. The gap between parts shall not exceed 3/16 in. [5 mm]) except in cases
involving rolled shapes or plates 3 in. [75 mm] or greater in thickness if, after straightening and in assembly, the gap cannot be
closed sufficiently to meet this tolerance. In such cases, a maximum gap of 5/16 in. [8 mm] is applicable provided a sealing weld
or suitable backing material is used to prevent melt-through and the final weld meets the requirements for effective throat. Toler-

ances for bearing joints shall be in accordance with the applicable contract specifications.

Note E:
Note J2:

Minimum effective throat as shown in Table 5.
If fillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to 1/4

T,, but need not exceed 3/8 in. [10 mm].
Note Mp: Double-groove welds may have grooves of unequal depth, provided these conform to Note E. Also, the effective throat (E; or E,),
less any reduction, applies individually to each groove.

Note V:

For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is

not changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.
(1) For flat and horizontal positions, the tolerance for f = +U, —0.

Figure 1.2 (Continued)—Prequalified Partial Joint Penetration Groove Welded Joints
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Butt or Corner Joint (BC)
Partial Penetration (P)
Single-U-Groove Weld (6)

(NOTE D2)
T2 R

Groove Preparation
Base Metal
Thickness, in. [mm] | Root Opening Tolerances, in. [mm]
(U = Unlimited) Root Face for R, f, &r; ° for o
Groove Radius, Permitted Effective
Welding Joint in. [mm] As Detailed As Fit Up Welding Throat (E),
Process | Designation T, T, Groove Angle (see 6.13) (see 7.4.4) Positions in. [mm] Notes
R=0 +1/16 [2], -0 | +1/8 [3], —1/16 [2]
) . f=1/32 [1] min +U, -0 +1/16 [2]
SMAW BC-P6 1/4 [6] min U r= 1/4 [6] +1/4 [6], -0 +1/16 [2] All S D2, E
o =45° +10°, —0° +10°, -5°
R=0 +1/16 [2], -0 | +1/8 [3], —1/16 [2]
GMAW PAL . f=1/8 [3] min +U, -0 +1/16 [2] A, D2,
FCaw | BC-PE-GF | 1/4[6]min | U r=1/4 6] +1/4 6], -0 +1/16 2] Al = E
o=20° +10°, —0° +10°, -5°
R=0 +1/16 [2], -0 +1/16 [2], -0
.. 7/16 [11] f = 1/4 [6] min +U, -0 +1/16 [2]
SAW | BC-PES min Ul r=1agel | +1/4l6l,-0 116 2] Flat S |D2E
o =20° +10°, —-0° +10°, -5°
(G)

Note A: Not prequalified for gas metal arc welding using short circuiting transfer.

Note D2: The parts to be joined by partial joint penetration groove welds parallel to the length of the member, bearing joints excepted,

shall be brought into as close contact as practicable. The gap between parts shall not exceed 3/16 in. [5 mm]) except in cases
involving rolled shapes or plates 3 in. [75 mm] or greater in thickness if, after straightening and in assembly, the gap cannot be
closed sufficiently to meet this tolerance. In such cases, a maximum gap of 5/16 in. [8 mm] is applicable provided a sealing weld
or suitable backing material is used to prevent melt-through and the final weld meets the requirements for effective throat. Toler-
ances for bearing joints shall be in accordance with the applicable contract specifications.

Note E: Minimum effective throat as shown in Table 5.

Figure 1.2 (Continued)—Prequalified Partial Joint Penetration Groove Welded Joints
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Butt Joint (B)
Partial Penetration (P)

Double-U-Groove Weld (7)

(NOTE D2)
Groove Preparation
Base Metal v parer
Thickness, in. [mm] | Root Opening Tolerances, in. [mm]
(U = Unlimited) Root Face for R, f, &r; ° for o
Groove Radius, Permitted | Effective
Welding Joint in. [mm] As Detailed As Fit Up Welding | Throat (E),
Process | Designation T, T, Groove Angle (see 6.13) (see 7.4.4) Positions | in.[mm] | Notes
R=0 +1/16 [2], -0 | +1/8 [3], —1/16 [2]
) ) __ | f=1/8[3]min +U, -0 +1/16 [2] D2, E,
SMAW B-P7 1/2 [13] min r=1/4 6] +1/4 [6], -0 +1/16 [2] All S;+S, Mp
o = 45° + 10°, —0° +10°, —5°
R=0 +1/16[2], -0 | +1/8 [3], —1/16 [2]
GMAW b7 . __ | f=1/8[3] min +U, -0 +1/16 [2] A, D2,
Fcaw | BP7-GF | 1/2[13] min r=1/4[6] +1/4[6], -0 +1/16[2] Al Si+S: | E Mp
o =20° +10°, -0° +10°, -5°
R=0 +1/16 [2], -0 +1/16 [2], -0
- ) __ | f=1/4[6]min +U, -0 +1/16 [2] D2, E,
SAW B-P7-S 3/4 [20] min r=1/4 6] +1/4 [6], -0 +1/16 [2] Flat S;+S, Mp
o =20° + 10°, —0° +10°, —5°
(H)

Note A: Not prequalified for gas metal arc welding using short circuiting transfer.

Note D2: The parts to be joined by partial joint penetration groove welds parallel to the length of the member, bearing joints excepted,
shall be brought into as close contact as practicable. The gap between parts shall not exceed 3/16 in. [5 mm]) except in cases
involving rolled shapes or plates 3 in. [75 mm] or greater in thickness if, after straightening and in assembly, the gap cannot be
closed sufficiently to meet this tolerance. In such cases, a maximum gap of 5/16 in. [8 mm] is applicable provided a sealing weld
or suitable backing material is used to prevent melt-through and the final weld meets the requirements for effective throat. Toler-

ances for bearing joints shall be in accordance with the applicable contract specifications.

Note E:

Minimum effective throat as shown in Table 5.

Note Mp: Double-groove welds may have grooves of unequal depth, provided these conform to Note E. Also, the effective throat (E, or E,),
less any reduction, applies individually to each groove.

Figure 1.2 (Continued)—Prequalified Partial Joint Penetration Groove Welded Joints
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Butt Joint (B)

T-Joint (T)

Corner Joint (C)
Partial Penetration (P)

NOTE J2

Single-J-Groove Weld (8) N NOTE V
1
% i
1
1
:
!
TZH <R (NOTE D2)
Groove Preparation
Base Metal
Thickness, in. [mm] | Root Opening Tolerances, in. [mm]
(U = Unlimited) Root Face forR, f, & r; ° for o0 Effective
Groove Radius, Permitted | Throat
Welding Joint in. [mm] As Detailed As Fit Up Welding (E),
Process | Designation T, T, | Groove Angle (see 6.13) (see 7.4.4) Positions | in. [mm] | Notes
TC.P R=0 +1/16[2], -0 | +1/8[3], =1/16 [2]
-Pe . f=1/8 [3] min +U, -0 +1/16 2] D2, E,
(T&lInside | V4[6Imin \ U |5 _gg7i0] | 41/af6l,—0 | +1/16[2] Al s 2
SMAW Corner Joints) o = 45° +10°, -0° +10°, -5°
BC-P8 R=0 +1/16 2], -0 | +1/8[3], -1/16 [2]
. : f = 1/8 [3] min +U, -0 +1/16 [2]
(gg:tni‘r(iglfgf ValeImin 1 U L ei0] | +1/4 6], -0 +1/16[2] Al § |P2EV
o =30° +10°, —0° +10°, —5°
oa. R=0 +1/16 [2], -0 | +1/8[3], =1/16 [2]
(TTC&F:ﬁS%'; vatelmin | u | f=1/813]min +U, -0 116 [2] Al S A, D2,
Corner Joints) r=23/8[10] +1/4 [6], -0 £1/16 [2] E, J2
GMAW o =45° +10°, —0° +10°, —5°
FCAW R=0 +1/16 [2], -0 | +1/8 [3], —1/16 [2]
BC-P8-GF . ) ,
. . f = 1/8 [3] min +U, -0 £1/16 2] A, D2,
(gg:tni rcjgfﬁgf ValeImin | U | gg10] | +1/4 6], -0 +1/16 [2] Al S E,V
o =30° +10°, =0° +10°, =5°
o8-S | cvaimn | 00 | sanel
(Outside 716 [11]min| U r=1/2 [13] +1/4[6], -0 +1/16[2] Flat S D2, E,V
Corner) o s o 10° _Eo
SAW o=20 +10°, =0 +10°, -5
TP8-S R=0 +0 +1/16[2], -0
) : . f = 1/4 [6] min +U, -0 +1/16 [2] D2, E,
(ch‘)r'r’]‘;r';’e 7neMmin | U 150 _nTia) | +1/4[6], -0 +1/16[2] Flat S J2
o =45° +10°, —0° +10°, —5°
U]

Note A: Not prequalified for gas metal arc welding using short circuiting transfer.
Note D2: The parts to be joined by partial joint penetration groove welds parallel to the length of the member, bearing joints excepted,
shall be brought into as close contact as practicable. The gap between parts shall not exceed 3/16 in. [5 mm]) except in cases
involving rolled shapes or plates 3 in. [75 mm] or greater in thickness if, after straightening and in assembly, the gap cannot be
closed sufficiently to meet this tolerance. In such cases, a maximum gap of 5/16 in. [8 mm] is applicable provided a sealing weld
or suitable backing material is used to prevent melt-through and the final weld meets the requirements for effective throat. Toler-
ances for bearing joints shall be in accordance with the applicable contract specifications.

Note E:
Note J2:

Note V:

Minimum effective throat as shown in Table 5.
If fillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to 1/4
T,, but need not exceed 3/8 in. [10 mm].

For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is

not changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.

Figure 1.2 (Continued)—Prequalified Partial Joint Penetration Groove Welded Joints
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Butt Joint (B)
T-Joint (T) N
Corner Joint (C) (RN
Partial Penetration (P) [pe
Double-J-Groove Weld (9) } S»(Es) |/
S1(E1) |\
R NOTE V
[
pre T 7 )
H f T v
S Y ()
W NOTE J2
|¢T2 g\ (NOTE D2)
o
Groove Preparation
Base Metal v parar
Thickness, in. [mm] Root Opening Tolerances, in. [mm]
(U = Unlimited) Root Face forR, f, &r; ° for o Effective
Groove Radius, Permitted Throat
Welding Joint in. [mm] As Detailed As Fit Up Welding (E),
Process | Designation T, T, Groove Angle (see 6.13) (see 7.4.4) Positions in.[mm] | Notes
R=0 +1/16 [2], -0 +1/16 [2]
) . f=1/8 [3] min +U, -0 +1/16 [2] D2, E,
SMAW BTC-P9 1/2 [13] min U r=3/8 [10] +1/4 [6], -0 +1/16 [2] All S;+S, U2V
o =45° +10°, —0° +10°, -5°
R=0 +1/16[2], -0 +1/16 [2] A D2
GMAW oL . f=1/8 [3] min +U, -0 +1/16 [2] 'S
FCAW BTC-P9-GF | 1/2[13] min U r=3/8 [10] +1/4[6], -0 +1/16 [2] All S;+S, E,\>12,
o=30° +10°, —0° +10°, -5°
R=0 +0 +1/16 [2], -0
o . f=1/4 [6] min +U, -0 +1/16 [2] D2, E,
C-Po-S | F4[0Imin | U | " Yo | +1/af6l,-0 | =1/16[2] Flat Si1+S | oy
o =20° +10°, —0° +10°, —5°
SAW R=0 +0 +1/16 [2], -0
oL . f=1/4[6] min +U, -0 +1/16 [2] D2, E,
T-P9-S 8/4f0Imin | U | _sTea) | +1/4[6], -0 | +1/16[2] Flat Si+S: | "o
o =45° +10°, —0° +10°, -5°
)

Note A: Not prequalified for gas metal arc welding using short circuiting transfer.

Note D2: The parts to be joined by partial joint penetration groove welds parallel to the length of the member, bearing joints excepted,
shall be brought into as close contact as practicable. The gap between parts shall not exceed 3/16 in. [5 mm]) except in cases
involving rolled shapes or plates 3 in. [75 mm] or greater in thickness if, after straightening and in assembly, the gap cannot be
closed sufficiently to meet this tolerance. In such cases, a maximum gap of 5/16 in. [8 mm] is applicable provided a sealing weld
or suitable backing material is used to prevent melt-through and the final weld meets the requirements for effective throat. Toler-

ances for bearing joints shall be in accordance with the applicable contract specifications.

Note E:
Note J2:

T,, but not exceed 3/8 in. [10 mm].

Note V:

Minimum effective throat as shown in Table 5.
If fillet welds are used in statically loaded structures to reinforce groove welds in corner and T-joints, they shall be equal to 1/4

For corner joints, the outside groove preparation may be in either or both members, provided the basic groove configuration is

not changed and adequate edge distance is maintained to support the welding operations without excessive edge melting.
(1) Fit-up tolerance. SAW: see Note D2; for rolled shapes R may be 5/16 in. [8 mm] in thick plates if backing is provided.

Figure 1.2 (Continued)—Prequalified Partial Joint Penetration Groove Welded Joints
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Nonmandatory Annexes

Annex A

Suggested Forms

(This Annex is not a part of AWS D14.1/D14.1M:2005, Specification for Welding of Industrial and Mill Cranes
and Other Material Handling Equipment, but is included for informational purposes only.)

Al. Commentary on the Use of
Welding Procedure Forms
(Front) and (Back)

The form may be used to record information for either
a WPS or a PQR. The user should indicate their selected
application in the appropriate boxes or the user may
choose to blank out the inappropriate headings.

The WPSs and PQRs are to be signed by the autho-
rized representative of the Manufacturer or Contractor.

For joint details on the WPS, a sketch or a reference to
the applicable prequalified joint detail may be used (e.g.,
B-U4a).

A2. Prequalified

The WPS may be Prequalified in accordance with all
of the provisions of 9.1, in which case only the one-page
document, Form E1, is required.
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A3. Qualified by Testing

The WPS may be qualified by testing in accordance
with the provisions of Part B of Section 9. In this case, a
supporting PQR is required in addition to the WPS. For
the PQR, Form El (Front) can again be used with an
appropriate heading change. Also, the Form E1 (Back)
may be used to record the test results and the certifying
statement.

For the WPS, state the permitted ranges qualified by
testing or state the appropriate tolerances on essential
variables (e.g., 250 A +10%).

For the PQR, record the actual joint details and the
values of essential variables used in the testing. Attach a
copy of the Mill Test Report for the material tested. Test-
ing laboratory data reports may also be included as
backup information.

The inclusion of items not required by this Specifica-
tion is optional; however, they may be of use in setting
up equipment or understanding test results.
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WELDING PROCEDURE SPECIFICATION (WPS) Yes| |

PREQUALIFIED QUALIFIED BY TESTING

or PROCEDURE QUALIFICATION RECORDS (PQR) Yes|

Identification #

Revision Date By
Company Name Authorized by Date
Welding Process(es) Type—Manual [_] Semi-Automatic [
Supporting PQR No.(s) Machine [ Automatic [ ]
JOINT DESIGN USED POSITION
Type: Position of Groove: Fillet:
Single[ | Double Weld [ Vertical Progression: Up| | Down/[ |
Backing: Yes[ | Nol[
Backing Material: ELECTRICAL CHARACTERISTICS
Root Opening Root Face Dimension
Groove Angle: Radius (J—U) Transfer Mode (GMAW) Short-Circuiting [
Back Gouging: Yes[ | Nol | Method Globular[ | Spray[
Current: AC[ | DCEP[ | DCEN/[ | Pulsed| |
BASE METALS Other
Material Spec. Tungsten Electrode (GTAW)
Type or Grade Size:
Thickness: Groove Fillet Type:
Diameter (Pipe)
TECHNIQUE

FILLER METALS
AWS Specification

Stringer or Weave Bead:
Multi-pass or Single Pass (per side)

AWS Classification Number of Electrodes
Electrode Spacing Longitudinal
Lateral
SHIELDING Angle
Flux Gas
Composition Contact Tube to Work Distance
Electrode-Flux (Class) Flow Rate Peening
Gas Cup Size Interpass Cleaning:
PREHEAT POSTWELD HEAT TREATMENT
Preheat Temp., Min Temp.
Interpass Temp., Min Max Time
WELDING PROCEDURE
Pass or Filler Metals Current
Weld Type & | Amps or Wire Travel
Layer(s) | Process Class Diam. Polarity Feed Speed Volts Speed Joint Details
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Figure A.1—Sample Form E1, Front
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Procedure Qualification Record (PQR) #

Test Results

TENSILE TEST

Specimen Width Thickness Area Ultimate Tensile Ultimate Uqlt Character of Fallure
No. Load, Ib Stress, psi and Location
GUIDED BEND TEST

Spe'\?:)men Type of Bend Result Remarks

VISUAL INSPECTION

RADIOGRAPHIC-ULTRASONIC EXAMINATION

Appearance RT Report No.: Result

Undercut UT Report No.: Result

Piping porosity

Convexity FILLET WELD TEST RESULTS

Test date Minimum size multiple pass Maximum size single pass

Witnessed by

OTHER TESTS

Welder’'s name

Macroetch Macroetch
1. 3. 1. 3.
2. 2.

ALL-WELD-METAL TENSION TEST
Tensile strength, psi [MPa]
Yield point/strength, psi [MPa]
Elongation in 2 in. [50 mm], %
Laboratory Test No.

Clock No. Stamp No.

Who by virtue of these tests is also qualified as an individual.

Tests conducted by

Laboratory

Laboratory Test No.

Per

We, the undersigned, certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of AWS D14.1, ( ).

(year)
Signed

Manufacturer or Contractor
By

Title

Date

Figure A.2—Sample Form, E1, Back
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WELDER, WELDING OPERATOR OR TACK WELDER QUALIFICATION TEST RECORD

Type of Welder
Name Identification No.
Welding Procedure Specification No. Rev Date
Record Actual Values
Used in Qualification Qualification Range
Variables
Process/Type (9.16.2)
Electrode (single or multiple)
Current/Polarity
Position (9.16.5)
Weld Progression (9.16.7)
Backing (YES or NO) (9.16.8)
Material/Spec. (9.16.1) to
Base Metal
Thickness: (Plate)
Groove
Fillet
Thickness: (Pipe/tube)
Groove
Fillet
Diameter: (Pipe)
Groove
Fillet
Filler Metal (9.16.3)
Spec. No.
Class
F-No.
Gas/Flux Type (9.16.4)
Other
VISUAL INSPECTION (9.12.6 or 9.12.7)
Acceptable YES or NO
Guided Bend Test Results (9.28.1/9.29)
Type Result Type Result
Fillet Test Results (9.28.2/9.28.3; 9.39.4/9.39.5)
Appearance Fillet Size
Fracture Test Root Penetration Macroetch
(Describe the location, nature, and size of any crack or tearing of the specimen.)
Inspected by Test Number
Organization Date
RADIOGRAPHIC TEST RESULTS (9.28.4/9.39.2)
Film Identification Results Remarks Film Identification Results Remarks
Number Number
Interpreted by Test Number
Organization Date
We, the undersigned, certify that the statements in this record are correct and that the test welds were prepared, welded, and
tested in accordance with the requirements of AWS D14.1, ( ).
(year)
Manufacturer or Contractor Authorized By
Date

Figure A.3—Sample Form E2
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WPS QUALIFICATION TEST RECORD FOR
ELECTROSLAG AND ELECTROGAS WELDING

PROCEDURE SPECIFICATION TEST RESULTS

Material specification Reduced-section tensile test
Welding process Tensile strength, psi [MPa]
Position of welding 1.

Filler metal specification 2

Filler metal classification

E:{ls(r metal All-weld-metal tension test
Shielding gas Flow rate Tensile strength, psi [MPa]

Gas dew point Yield po.int/.stren.gth, psi [MPa]
Thickness range this test qualifies Elongation in 2 in. [50 mm], %
Single or multiple pass

Single or multiple arc Side-bend tests

Welding current 1 3
Preheat temperature 2 4

Postheat temperature
Welder's name

Radiographic-ultrasonic examination
RT Report No.
UT Report No.

j:& VISUAL INSPECTION

: Appearance Impact tests, ft-Ib [N]
© Undercut Size of specimen Test temp.
Piping porosity 1. 2. 3. 4.
5. 6. Avg.
Test date High Low
Witnessed by Laboratory Test No.

WELDING PROCEDURE

Welding Current
Pass | Electrode

No. Size Amperes Volts Joint Detail

Guide tube flux
Guide tube composition
Guide tube diameter
Vertical rise speed
Traverse length
Traverse speed
Dwell

Type of molding shoe

We, the undersigned, certify that the statements in this record are correct and that the test welds were prepared, welded, and

tested in accordance with the requirements of AWS D14.1, ( )-
(year)
Procedure No. Manufacturer or Contractor
Revision No. Authorized by
Date

Figure A.4—Sample Form E3
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REPORT OF RADIOGRAPHIC EXAMINATION OF WELDS

Project
Quality requirements—Section No.
Reported to

WELD LOCATION AND IDENTIFICATION SKETCH

Technique
Source

Film to source

Exposure time

Screens

Film type

(Describe length, width, and thickness of all joints radiographed.)

Interpretation Repairs
Date Weld Identification Area | Accept. | Reject | Accept. | Reject Remarks

We, the undersigned, certify that the statements in this record are correct and that the test welds were prepared and tested in

accordance with the requirements of AWS D14.1, ( ).
(year)
Radiographer(s) Manufacturer or Contractor
Interpreter Authorized by
Test date Date

Figure A.5—Sample Form E4

124

Copyright American Welding Society
Provided by IHS under license with AWS

No reproduction or networking permitted without license from IHS Not for Resale



REPORT OF MAGNETIC-PARTICLE EXAMINATION OF WELDS

Project

AWS D14.1/D14.1M:2005

Quality requirements—Section No.

Reported to

Quantity:

WELD LOCATION AND IDENTIFICATION SKETCH

Total Accepted:

Total Rejected:

Date | Weld Identification

Area Examined Interpretation

Repairs

Entire

Specific | Accept. | Reject

Accept. | Reject

Remarks

PRE-EXAMINATION
Surface Preparation:
EQUIPMENT
Instrument Make: Model:
METHOD OF INSPECTION
[ Dry [ Wet [ Visible
How Media Applied:
[ ] Residual [ | Continuous [ ] True-Continuous
[ IAC [ IDC [ | Half-Wave
[ | Prods [ | Yoke [ ] Cable Wrap
Direction for Field: [ | Circular [ ] Longitudinal

Strength of Field:

[ | Fluorescent

[ | Other

(Ampere-turns, field density, magnetizing force, number, and duration of force application.)

POST EXAMINATION

Demagnetizing Technique (if required):

Cleaning (if required):

Marking Method:

We, the undersigned, certify that the statements in this record are correct and that the test welds were prepared and tested in
accordance with the requirements of AWS D14.1, ( )-

Inspector

(year)

Manufacturer or Contractor

Level

Test Date

Date

Authorized By
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Figure A.6—Sample Form ES5
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: REPORT OF ULTRASONIC TESTING OF WELDS
Project Report No.

Weld identification

Material thickness
Weld joint AWS
+

X X Welding process
- Y Quality requirements—Section No.
Remarks
o Decibels Discontinuity
m c
5 2218 |E |2 |E £ co z
< |8¢ E% c gl) E8 |3 |28 | % aég £3 Distance §‘_§
5 |22 8% 213 a b c d s E%@ &< | FromX | FromY B0 Remarks
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
We, the undersigned, certify that the statements in this record are correct and that the welds were prepared and tested in accordance
with the requirements of AWS D14.1, ( ).
(year)
Test date Manufacturer or Contractor
Inspected by Authorized by
Date

Figure A.7—Sample Form E6
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Notes:

1. In order to attain Rating “d”
(A) With instruments with gain control, use the formulaa—-b-c=d.
(B) With instruments with attenuation control, use the formulab-a—-c=d.
(C) A plus or minus sign shall accompany the “d” figure unless “d” is equal to zero.

2. Distance from X is used in describing the location of a weld discontinuity in a direction perpendicular to the weld refer-
ence line. Unless this figure is zero, a plus or minus sign shall accompany it.

3. Distance from Y is used in describing the location of a weld discontinuity in a direction parallel to the weld reference
line. This figure is attained by measuring the distance from the “Y” end of the weld to the beginning of said discontinuity.

4. Evaluation of Retested Repaired Weld Areas shall be tabulated on a new line on the report form. If the original report
form is used, R, shall prefix the indication number. If additional forms are used, the R number shall prefix the report
number.

Figure A.7 (Continued)—Sample Form E6
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LIQUID PENETRANT INSPECTION REPORT

Customer Date
Order No. Material
Dwg. No. Specification
For
Pieces Description Comments
Soak Time

The above parts have been carefully tested with liquid penetrant. This inspection is limited to defects of the type which
can normally be located with the liquid penetrant inspection method.

Figure A.8—Sample Form E7
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AWS D14.1/D14.1M:2005

Examples of Weld Quality Requirements

(This Annex is not a part of AWS D14.1/D14.1M:2005, Specification for Welding of Industrial and Mill Cranes
and other Material Handling Equipment, but is included for informational purposes only.)

11 @ 1/32in.[1 mm] IN A

—> =— 1/16 in. [2 mm] SPAN OF 1/4in.[6 mm]—> [<—

EDGE OF MATERIALS

TN

OR TOE OR ROOT OF \\
FLANGE-TO-WEB WELD EDGE OF
MATERIAL
| X5 X4 X4 X, X3 Xg
I A
........... 1P y N . S . WELD

I OR a Py e
| Y
' \
I 1me
I 1/32 in.

[1 mm]
I IN A SPAN

OF 1in.
| [25 mm]

1in.
— [25mm] =~ /(
1-1/8 in. 5/8 in. 3/4 in.

2-1/4in.[55 mm] 2-1/4in.[55 mm] [30 mm] [16 mm] [20 mm]

' A A A A
—{ |—1/4in. 1/8 in—»| f=— —>{l«—1/161in.
[6 mm] [8 mm] [2 mm]

Notes:
A—the minimum clearance allowed between edges of porosity or fusion-type discontinuities 1/16 in. [2 mm] or larger. The larger of

1.

2.
3.

4.

adjacent discontinuities governs.

X;—the largest permissible porosity or fusion-type discontinuity for 3/4 in. [20 mm] joint thickness (see Figure 35).
Xs, X3, X4—porosity or fusion-type discontinuity 1/16 in. [2 mm] or larger, but less than maximum permissible for 3/4 in. [20 mm] joint

thickness.
X5, Xg—porosity or fusion-type discontinuity less than 1/16 in. [2 mm].

Interpretation:

1.
2.

3.

Discontinuity size indicated is assumed to be its greatest dimension.

Porosity or fusion-type discontinuity X, is not acceptable because it is within the minimum clearance allowed between edges of such

discontinuities (see 10.11.2 and Figure 35).
Remainder of weld is acceptable.

Figure B.1—Examples of Weld Quality Requirements
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Annex C

Guidelines for Preparation of Technical Inquiries
for AWS Technical Committees

(This Annex is not a part of AWS D14.1/D14.1M:2005, Specification for Welding of Industrial and Mill Cranes
and Other Material Handling Equipment, but is included for informational purposes only.)

C1. Introduction

The AWS Board of Directors has adopted a policy
whereby all official interpretations of AWS standards
will be handled in a formal manner. Under that policy, all
interpretations are made by the committee that is respon-
sible for the standard. Official communication concern-
ing an interpretation is through the AWS staff member
who works with that committee. The policy requires that
all requests for an interpretation be submitted in writing.
Such requests will be handled as expeditiously as possi-
ble, but due to the complexity of the work and the proce-
dures that must be followed, some interpretations may
require considerable time.

C2. Procedure

All inquiries shall be directed to:

Managing Director, Technical Services
American Welding Society

550 N.W. LeJeune Road

Miami, FL 33126

All inquiries shall contain the name, address, and
affiliation of the inquirer, and they shall provide enough
information for the committee to fully understand the
point of concern in the inquiry. If that point is not clearly
defined, the inquiry will be returned for clarification. For
efficient handling, all inquiries should be typewritten and
should also be in the format used here.

C2.1 Scope. Each inquiry shall address one single provi-
sion of the standard, unless the point of the inquiry
involves two or more interrelated provisions. That provi-
sion shall be identified in the scope of the inquiry, along

Copyright American Welding Society
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with the edition of the standard that contains the provi-
sions or that the inquirer is addressing.

C2.2 Purpose of the Inquiry. The purpose of the
inquiry shall be stated in this portion of the inquiry. The
purpose can be either to obtain an interpretation of a
standard’s requirement, or to request the revision of a
particular provision in the standard.

C2.3 Content of the Inquiry. The inquiry should be
concise, yet complete, to enable the committee to quickly
and fully understand the point of the inquiry. Sketches
should be used when appropriate and all paragraphs, fig-
ures, tables, or Annexes, which bear on the inquiry shall
be cited. If the point of the inquiry is to obtain a revision
of the standard, the inquiry shall provide technical justi-
fication for that revision.

C2.4 Proposed Reply. The inquirer should, as a pro-
posed reply, state an interpretation of the provision that
is the point of the inquiry, or the wording for a proposed
revision, if that is what inquirer seeks.

C3. Interpretation of Provisions of
the Standard

Interpretations of provisions of the standard are made
by the relevant AWS Technical Committee. The secre-
tary of the committee refers all inquiries to the Chair of
the particular subcommittee that has jurisdiction over the
portion of the standard addressed by the inquiry. The
subcommittee reviews the inquiry and the proposed reply
to determine what the response to the inquiry should be.
Following the subcommittee’s development of the
response, the inquiry and the response are presented to
the entire committee for review and approval. Upon

Not for Resale
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approval by the committee, the interpretation will be an
official interpretation of the Society, and the secretary
will transmit the response to the inquirer and to the Weld-
ing Journal for publication.

C4. Publication of Interpretations

All official interpretations will appear in the Welding
Journal.

C5. Telephone Inquiries

Telephone inquiries to AWS headquarters concerning
AWS standards should be limited to questions of a gen-
eral nature or to matters directly related to the use of the
standard. The Board of Directors’ policy requires that all
AWS staff members respond to a telephone request for
an official interpretation of any AWS standard with the
information that such an interpretation can be obtained

132

only through a written request. The AWS headquarters
staff cannot provide consulting services. The staff can,
however, refer a caller to any of those consultants whose
names are on file at AWS headquarters.

C6. The AWS Technical Committee

The activities of AWS Technical Committees in
regard to interpretations are limited strictly to the inter-
pretation of provisions of standards prepared by the
Committee or to consideration of revisions to existing
provisions on the basis of new data or technology. Nei-
ther the Committee nor the staff is in a position to offer
interpretive or consulting services on: (1) specific engi-
neering problems; or (2) requirements of standards
applied to fabrications outside the scope of the document
or points not specifically covered by the standard. In
such cases, the inquirer should seek assistance from a
competent engineer experienced in the particular field of
interest.
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Annex D

Bibliography

(This Annex is not a part of AWS D14.1/D14.1M:2005, Specification for Welding of Industrial and Mill Cranes
and Other Material Handling Equipment, but is included for informational purposes only.)
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8.1. TESTS

Prior to being placed in service, appliances must be tested under overload conditions, as follows
8.1.1. DYNAMIC TEST

The dynamic test shall be carried out with an, overload coefficient pl = 1,2, i.e. with a load equal to
120 % of the safe working load. All motions shall be carefully operated in turn, without checking
speeds- of temperature rises in the motors (see clause 2.3.3.0.

8.1.2. STATIC TEST

The static test shall be carried out with an overload coefficient p2 = 1,4, i.e. with a load equal to 140 %
of the safe working load. This test must be carried out under still conditions and consists in hoisting
the safe working load to a small distance above the ground and then adding the required surplus
without shock (see clause 2.3.3.c.).

8.1.3. NOTE 1

The figures given for these test loads represent minim requirements. Where national legislation or
rules call for higher values, these must be complied with insofar as appliances destined for such

countries are concerned.

The test to be used in certain countries are given in appendix A-8.1.3. for information.

NOTE 2

When making these tests, it is customary to measure the deflection of the structure of an appliance.

The present rules impose no obligation as to the allowable deflections.
Should the user wish to impose a deflection limit, he must specify this in his call for tenders (1).

(1) The custom of regarding small deflection under load as a measure of the strength of an
appliance should be discontinued.

Although an unduly large deflection can adversely affect lattice girders because of the danger of
movement at the joints, no untoward effects are to be feared in the case of solid-web or box girders.

In practice, the magnitude of the deflection should be limited only from the standpoint of convenience
of operation, since vertical oscillations of the load can be troublesome in some cases.



8.2. TOLERANCES OF CRANES AND TRACKS
GENERAL

The use of the Design Rules presupposes that the tolerances specified hereafter for cranes and
tracks shall be maintained. These tolerances apply unless other conditions have been agreed with the
user, and take no account of elastic deformations during the operation. The elastic deformations.
have to be taken into consideration if required.

The specified tolerances are valid for overhead traveling cranes, gantry cranes and jib cranes, but not
for railway cranes. For cranes which have been erected for temporary use only, e.g. building cranes,
these rules are only partially valid, in other cases they are to be used judiciously.

8.2.1. MEASURING PROCEDURE

when using measuring tapes, calibrated steel measuring types are to be used. The rules for the use
of these measuring types are to be observed. The readings obtained are to be corrected for the sag of
the tape measure as well as for the divergence of the ambient temperature from the standard
temperature. All measurements an one and the sane crane have to be made with the same tape and
the same tension force.

8.2.2. MANUFACTURING TOLERANCES FOR CRANES

8.2.2.1. The greatest divergence A s of the crane span s from the drawing dimension must not exceed
the following values:

s<15m:A s="2 mm

s>15m:A s=" [2+0.15 (s —15)] mm(max * 15mm)

for s> 15m -As=+[2+0,15 ¢ (s-15)] mm (max. +15 mm)
(s is to be expressed in m)
(see figure 8.2.2.1.)

for

s+As -1

Figure 8.2.2.1.

8.2.2.2. Cram girders, freely supported at their ends, must have no sag, even if the drawing does not

prescribe a camber. This means that the track of the trolley with unloaded crane (without trolley) must
have no deviation downward from the horizontal. This requirement only applies to cranes with a span

longer than 20 m.



8.2.2.3. In cases where the top of the rail is flat, the inclination of the wheel axis from the horizontal,
for the unlade crane, must be between + 0,2 X and - 0,05 (see figure 8.2.2.3.)

| .
: «0.2% ; =~
lr_y

Figure 8.2.2.3.

By unlade crane is meant the crane bridge without trolley, freely supported on the end carriages.

8.2.2.4. The trolley rail center distance must not differ from the nominal dimension s by more than + 3
mm (see figure 8.2.2.4.).

5 %3 mm

e

,

Figure B.2.Z2.4.

8.2.2.5. In a plane perpendicular to the travel direction of the trolley, the difference in height of two
opposite points of the trolley track shall not exceed 0,15 95 of the trolley rail center distance, with a
maximum of 10 mm (see figure 8.2.2.5.).

: b horizoncal
1 a
hotizontal 138 of s

max. 10 mm

Figure 8.2.2.5.
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8.2.2.6Trolley rails shall be laid in such a way that the running surface is horizontal and that the
greatest unevenness of the bearing surface is no more than * 3 mm for rail centers up to 3 m and no
more than + 0,1 % of the trolley wheel center distance if it exceeds 3 m (see figure 8.2.2.6.).

Figure 8.2.2.6

8.2.2.7. The vertical axis of the trolley rail must not diverge from the vertical axis of the rail girder web
by more than half the thickness of the rail girder web (see figure 8.2.2.7.).

f:ll‘:i__

Figure 8.2.2.7.

8.2.2.8 The axes of the trolley rails must not diverge from their theoretical axis by more than _+ 1,0
mm in a rail length of 2 m. There should be no misalignments at rail Joints (see figure 8.2.2.8.).

I [
T T - 3/11,/’ L :\T Fw.,."'r_ﬁ

Figure 8.2.2.8.
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8.2.2.9. The axes of the wheel bores must not have an angular deviation greater than + 0,04 % from

its theoretical axis, in the horizontal plane (see figure 8.2.2.9.).
|
1

Theoretical position

of all. wheels
~—

|
Figure 8.2.2.9.

8.2.2.10. The axle bores of wheels opposite to each other at each side of the track, and if
wheels are mounted in bogies the axes of the bogie pins of the unwrapped trolley and crane bridge
shell have an alignment divergence in the vertical plane, less than 0,15 %, maximum 2 mo of the
wheel center distance (see figure 8.2.2.10.).

0.15% of s

o i
max m,m horizontal _H

" horizontal

3
-
- - s § s " T -

Figure 8.2.2.10.

8.2.2.11. The centre planes of wheels rolling on a common rail must not diverge more than + 1
mm from the rail axis (see figure 8.2.2.11.).

‘ ] .

[

Center of wheel

I .
1 | mm /‘A‘_E'— Centet axis of the rail bead
t I

Center of wheel

_Eq__

Figure 8.2.2.11.

For bushed wheels the above tolerances apply with the wheel in a central position
between the contact surfaces at either side of the wheel.
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8.2.2.12. If horizontal guide rollers are used, the center of the distance between guide rollers at
one comer must not deviate more than = 1 mm from the axis of the rail (see figure 8.2.2.12.)

Distance between guide rollers
f Cenue of distance between guide rollets
T
-

i
t \
-
guide collers = = —— _ ’ -[

Disssace berwecn = _

NT ST
Centre axis of the rail bead _GF

Figure 8.2.2.12.

8.2.2.13. The diameter tolerance of the wheels should correspond to the ISO tolerance classifi-
cation h9. If runner wheel speeds are synchronized by an "electrical shaft", tighter tolerances may be
required. These will have to be determined from case to case. These

tolerances will apply also to non driven wheels, as the wheels must be interchangeable.

8.2.3, TOLERANCES FOR CRANE TRACKS

The tolerances specified below apply to new crane tracks. If in the course of use, these tolerances are
exceeded by 20 %, the track must be realigned. If the traveling behavior is noticeably deteriorating, it
may be necessary to realign the track, even if the tolerance excess has not reached 20 %.

1 - The greatest divergence A's from the span s is:
fors<15m: As=+3 mm

fors >15m: As=%x[3 + 0,25 - (s-15)] mm (max. £ 25 mm)
(s is to be expressed in m)

(see figure 8.2.2.1.)

If horizontal guide rollers are provided on one rail only, the tolerances for other rail only may be
increased to three times the above values, but must exceed 25 mm.
the not

2 - Itis assumed that with the trolley positioned in the center of the span the deflection of both rail
tracks is approximately equal

3 - The greatest permissible tolerance of the upper edge of the rail is £ 10 mm from the theoretical
height position. The theoretical height is either the horizontal position, or if applicable, the theoretical
camber curve. The height position of

the two rails may show a divergence of 10 mm. The curvature in a longitudinal direction may, at each
point of a measured length, of 2 m, not exceed a rise of +2 mm.
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4 - The inclination of the rail rolling surface must not exceed the following values as compared with
the theoretical position :

Longitudinally : 0,3 %
Laterally :0,3%
(see figure 8.2.3.a.)

5 - The maximum permissible lateral deviation of each rail in a horizontal plane is f 10 mm. The
curvature in the longitudinal axis at any point shall not exceed

"1 mm in a length of 2 m (see figure 8.2.3.b.).

Figure 8.2.3.b.

For cranes guided on both sides by horizontal rollers, the above values are valid also for the rail
surfaces of the horizontal rollers.

For cranes guided on one rail only, the requirement for the straightness of the non guiding rail can be
lowered, in agreement with manufacturer.

6 - No account has to be taken of misalignment at the rail joints. It is recommended that welded rail
joints are used.
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APPENDIX A - 8.1.3.

TEST LOADS FOR CRANES IN
SOME EUROPEAN COUNTRIES

Country

AUSTRIA

BELGIUM

SUITZERLAND

GERMANY

FRANCE

GREAT
BRITAIN

ITALY

NETHERLANDS

NORWAY

SWEDEN

Dynamic tests

125 % upto 25t
110 % over 25 t

Upto20t...... 125 %
From20to50t..+51
over50t........ 110 %

p,=129P
Pg = 1,33 P} (H1 and H2
p,=125P

p, =1,25P1+0,25P0

120 %

(excluding builder's tower
cranes and some dismoun-
table appliances : 110 %)

125 % of the SWL

128 % self propelled cranes
120 % tower cranes

110 % other lifting
appliances

Upto20t...... 125 %
From20to50t..+51

Lipto20t....... 125 %
From20to50t..+5t
Over50t........ 110 %
or FEM

Upto5t........ 125 %
From5to20t... 120 %
From20to50t.. 115 %
Over50t........ 110 %

Static tests

25t ... 140 %
25t050t...10t
50t...... 120 %

Pg =1,50 P (H3 and H4)

Pg=133P-14P

150 %

(excluding builder's tower
cranes and some dismoun-
table appliances : 133 %)

Not Compulsory

FEM

Comments

According to
DIN 15030

DIN 15018 pert 1
DIN 15019 Part 1

DIN 15030

During 15 min.
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 12488-1 was prepared by Technical Committee ISO/TC 96, Cranes, Subcommittee SC 8, Jib cranes.

This second edition cancels and replaces the first edition (ISO 12488-1:2005), which has been technically
revised. It also incorporates the Technical Corrigendum ISO 12488-1:2005/Cor 1:2008.

ISO 12488 consists of the following parts, under the general title Cranes — Tolerances for wheels and travel
and traversing tracks:

— Part 1: General

— Part 4: Jib cranes

iv © IS0 2012 — All rights reserved
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Introduction

This part of ISO 12488 establishes requirements and gives guidance and design rules that reflect the present
state of the art in the field of crane machine design. The rules given represent good design practice that ensures
fulfilment of essential safety requirements and adequate service life of components. Deviation from these
rules normally leads to increased risks or reduction of service life, but it is acknowledged that new technical
innovations, materials etc. may provide new solutions that result in equal or improved safety and durability.
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INTERNATIONAL STANDARD ISO 12488-1:2012(E)

Cranes — Tolerances for wheels and travel and traversing
tracks —

Part 1:
General

1 Scope

This part of ISO 12488 specifies tolerances for construction assemblies and operational conditions of cranes and
associated crane tracks as defined in ISO 4306-1. The purpose of the requirements in this part of ISO 12488 is
to promote safe operation and achievement of the expected life of components by the elimination of excessive
load effects due to deviations or misalignments from the normal dimensions of the structure.

Tolerances given are extreme values. The elastic deformations due to load effects are outside the scope of this
part of ISO 12488. These will need to be taken into account at the design stage using other criteria to achieve
the intended operation and performance.

Specific values for particular crane types are given in other parts of ISO 12488.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced document
(including any amendments) applies.

ISO 286-2, Geometrical product specifications (GPS) — ISO code system for tolerances on linear sizes —
Part 2: Tables of standard tolerance classes and limit deviations for holes and shafts

ISO 1101, Geometrical Product Specifications (GPS) — Geometrical tolerancing — Tolerances of form,
orientation, location and run-out

ISO 4306-1, Cranes — Voocabulary — Part 1: General

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

341

construction tolerance

amount by which a specific dimension is permitted to vary, resulting from the assembly of the complete crane
and its tracks, in new, modified, rebuilt or repaired tiuildings; before operational use

NOTE 1 This applies to new build or repaired er'modified cranes and tracks.

NOTE 2  The amountis given either by the'absolute value of the difference between the limits of size, or by the allowable
geometric variation.

3.2
operational tolerance
amount by which a specific dimension is permitted to vary, resulting from the use of the crane and its tracks

NOTE The amount is given either by the absolute value of the difference between the limits of size, or by the allowable
geometric variation.

© 1S0O 2012 — All rights reserved 1
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4 Symbols

A Tolerance of the span, related to the rail centre of travelling or traversing tracks, at each point of
the track or to the wheel centre of crabs or cranes

B Tolerance of the horizontal straightness, in ground plan, at each point of the travelling track

b Tolerance of horizontal straightness related to a test length of 2 m in ground plan, (sample value)
at each point of the rail head

C Tolerance of straightness related to the height of the crane rail centre at each point of the travelling
track

¢ Tolerance of straightness related to a test length of 2 m (sample value) at each point of height of
the crane rail

a Centre-to-centre distance between the horizontal guide rollers, in longitudinal direction of rail

e Centre-to-centre distance between two wheels or bogeys, in longitudinal direction of rail

hF Distance between the top edge of a rail and the bottom edge of horizontal guide rollers

S Span from centre to centre of the rail

0/00 Angle of inclination expressed as vertical points per horizontal thousand

D Wheel diameter

E Height tolerance related to opposite measuring points at right angles to each point of the track

F Parallelism tolerance of end stops or buffers

G Angularity tolerance related to rail cross-section with plane surface

Hrp Vertical offset of a welded connection

Hg Horizontal offset of a rail head

K Parallelism tolerance of a rail with reference to the web

AD Diameter tolerance for coupled and independently driven crane/cab wheels

Ae Tolerance of the wheel base in ground plan

AF Alignment tolerance of guide rollers in ground plan

Ahr Height tolerance of the points of wheel contact

AN Tolerance of parallel offset of the wheels in ground plan

or Axle tolerance of parallelism of guide rollers across the track

br Axle tolerance of parallelism of guide rollers across ihe track

ok Axle tolerance of parallelism in &ground.plan of the hole (inclination of axis)

or Axle tolerance of parallelism inia ground plan of the wheel (inclination of wheel)

& Axle tolerance paralleiism in elevation of the hole (axle camber)

w Axle tolerance of parallelism in elevation of the wheel (wheel camber)

bs Tolerance of straightness related to a test length of 1 m adjacent to a welded rail joint

Ch Tolerance of straightness related to a test length of 2 m adjacent to a welded rail joint

2 © 1S0 2012 — All rights reserved
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These symbols and their meanings are applicable to all parts of ISO 12488.

Where symbols for construction tolerances are also applicable to operational tolerances (e.g. in operator
instructions), the suffix w is used (e.g. 4y, By, Cy, Ey)-

Where necessary, an additional suffix may be added, for example,

Ay operational tolerance for travelling tracks,
A2 operational tolerances for traversing tracks,
A3 operational tolerances for cranes,

Aywa operational tolerances for crabs.

5 Classification of tolerances

The main criterion for determining the class of tolerance is the total amount of travel throughout the life of the
crane; however, system sensitivity shall be considered along with the class of tolerance as given in other parts
of ISO 12488.

NOTE In the context of this part of ISO 12488, system sensitivity is considered to be the amount of reaction of the system

in terms of load effect resulting from the tolerance considered as unintentional displacement (see ISO 8686-1:1989, 6.1.5). In
the case of highly sensitive systems, it could be appropriate to select a higher tolerance class than that shown in Table 1.

Table 1 — Tolerance classes

Limits of travelling and traversing distance
Tolerance class

km
1 50000<L
2 10 000 < L <50 000
3 L <10 000, for stationary erected tracks
4 Temporarily erected tracks for building and erection purposes

NOTE L is calculated as the product of the normal travel speed and the specified working time of the relevant travel/traverse
mechanism, either by application of customer specified values or through reference to the classification of the mechanism (see
I1ISO 4301-1).

6 Tolerances

6.1 General

The tolerances for the various classes and parameters shall be as given in Tables 2, 3,4, 5,6 and 7.

6.2 Thermal effects

The tolerances given in Tables 2, 3, 4, 5, 6 and 7 shali'beGsed for an ambient temperature of 20°C. Where the
average ambient temperature for the operational pesition of the crane differs from 20°C, the tolerances shall
be adjusted accordingly.

6.3 Application of vertical out-of-plane tolerance

The tolerance Ahr given in Tables 4 and 5 for the vertical out-of-plane displacement of a corner of rail wheel of
a crane or crane crab, and the corresponding tolerances for tracks given in Tables 2 and 3 are valid for rigid
structures travelling or traversing on the rails, i.e. for box beam structures of main girders, crabs or portals.
For frames built from open sections, the tolerances used may be one or two classes lower.
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6.4 Construction tolerances

6.4.1 General

The measurements shall be taken in the unloaded condition with the crane and its associated tracks supported
in the manner in which they will be operated. Tables 2 to 6 show the appropriate tolerances.

If technical documentation requires a means for differentiation of the tolerances, a suffix shall be added to the
tolerance symbol, corresponding to the relevant table in this part of ISO 12488.

EXAMPLE Az is the construction tolerances for travelling tracks as per Table 2.

6.4.2 Rail joints

Construction tolerances shall be in accordance with Table 6.

6.5 Operational tolerances

The operational tolerances given in Table 7 shall be measured with the crane in the unloaded condition.

NOTE Tolerances in excess of those shown in Table 7 can result in unacceptable ride characteristics and additional
stresses, leading to increased wear on rails, wheels, guide rollers etc., and possible damage to the supporting structure.
If any measurements are beyond the tolerances in Table 7, then investigations should be undertaken by a competent
engineer and the appropriate action taken.
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Table 2 — Construction tolerances for travelling tracks of tolerance classes 1 to 4

Tolerance parameter Tolerance
Symbol Descrlptlor_l with Graphical representation Class 1 Class 2 Class 3 Class 4 Unit
respect of this table
A Tolerance of span S of +4 = Smax - S +3 5 +8 +12,5
th ils related t
raﬁ g;e;r;;r:tl Zarihapeointo -A=S4in-S Valid for all spans | Valid for all spans Valid for all Valid for all spans
of travelling track ' §<16m S<16m spans <16 m S<16m
é " +[3 + 0,25(5-16)] | +[5+ 0,25(5-16)] | £[8 + 0,25(5S-16)] | +[12,5+ 0,25(S-16)] mm
“ L +10 max. +15 max. +20 max. +25 max.
_ - — T Valid for spans Valid for spans Valid for spans Valid for spans
“ §>16m, Sin S >16m, Sin §>16m, Sin §>16m, Sin
metres metres metres metres
B Tolerance of horizontal Positi ] " dol
straightness of railhead osition of crane rail in ground plan
at each point of traveliing 2 000 5 +10 +20 +40 mm
track Dl
-~ 2 000
. > Q ~ S
b Tolerance of horizontai +
straightness related to SN 2 000 <
test length of 2 000 mm ! e 1 1 2 4 mm
(sample value) at each f
point of rail head
C Tolerance of
straightness related
to height of crane rail Height of crane rail (axial slope) +5 +10 +20 +40 mm
centre at each point of N L
travelling track @) N \
+| o }/'
c Tolerance of OF - — {—
straightness related to T 00 o 12000 o
test length of 2 000 mm 20
(sample value) at each * ! 2 4 8 mm
point of height of crane
rail
E Tolerance of height Height of travelling track (lateral slope)
related to opposite K
measuring points at right S + 0,55 1S 28 48
angle§ at each point of Sin metres Sin metres Sin metres Sin metres
travelling track o mm
E < Emax E < Emax E < Emax E < Emax
+5 max. +10 max. +20 max. +40 max.
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Table 7 — Operational tolerances for travel and traverse tracks and crane and crab wheels of tolerances classes 1 to 4

Tolerance parameter Tolerance
Symbol Descrlptloq with Graphical representation Class 1 Class 2 Class 3 Class 4 Unit
respect to this table
A Tolerance of span § +4=Smax - S 110 16 125 140
of crane rails related A=S_. -S - - N -
to rail centre at each _—— —_— min Valid for all spans | Valid for all spans | Valid for all spans | Valid for all spans
point of travelling track 9 ~ S<16m §<16m §<16m S<16m
©
r/% e +[10+ 0,25(5-16)] | £[16+ 0,25(S—16)] | £[25+ 0,25(5-16)] | +[40+ 0,25(s—16)] | ™M
Y. — __ } Sin metres, valid | Sin metres, valid | Sin metres, valid | Sin metres, valid
A £ for all spans for all spans for all spans for all spans
95 §>16m §>16m §>16m §>16m
By Tolerance of horizontal Position of crane rail in ground plan
straightness of rai 2 000
head at each point of 2 000
travelling track M ~ <
+10 +20 +40 +80 mm
WV, D L
Al K09
' f
Ey1 Tolerance of height Height of traversing track (lateral slope)
related to opposite
measuring points at S
right angles at each
point of travelling track +10 +20 +40 +80 mm
Aw2 Tolerance of span S of S+ Ao
crab rails related to rail +6 +10 +16 +25
centre at each point of mm

traversing track

Valid for all spans
§<16m

Valid for all spans
§<16m

Valid for all spans
§<16m

Valid for all spans
§<16m

(3)z102Z:1-88Y2L OSI
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Table 7 (continued)

Tolerance parameter Tolerance
Symbol Descrlptlor_i with Graphical representation Class 1 Class 2 Class 3 Class 4 Unit
respect to this table
Eyp Tolerance of height Height of traversing track (lateral slope)
related to opposite
measuring points at
right angles at each S
point of traversing
track L +12,5 +16 +20 +25 mm
Aw3 Tolerance ofzpan S S+ 4 15 +8 12,5 +20
of a crane relajed to | — ' Valid for S< 10 m | Valid for <10 m | Valid for S <10 m | Valid for 5 < 10
wheel centre, Wheel | | alid for <10 m | Valid forS<10 m | Valid for §<10m | Valid forS<10 m
with flanges i i +[5+0,2(5—10)] +[8+0,2(S-10)] | +[12,5+0,2(5-10)] | +[20+0,2(S-10)] | ™M
LIJ:‘EI] [l#l] Sin metres, valid | Sin metres, valid | Sin metres, valid | Sin metres, valid
for§>10m for§>10m for§>10m for§>10m
Aw3 Tolerance of span S +12,5 +14 +16 +20
f lated t
heo! contre. with St Aus Valid for S <10 m | Valid for S <10 m | Valid for S< 10 m | Valid for S < 10 m
flangeless wheels and 4[12,5+0,2(S-10)] | #[14+0,2(S-10)] | +[16+0,2(S-10)] | +[20+0,2(S-10)] | ™M
guide rollers on one M
side Sin metres, valid | Sin metres, valid | Sin metres, valid | Sin metres, valid
forS§>10m for§>10m for§>10m for§>10m
AD,,3 | Tolerance on crane h18 h18 h18 h18
wheel diameter for
independent drive Tolerances Tolerances Tolerances Tolerances mm
according to according to according to according to
| @ ISO 286-2 1ISO 286-2 1SO 286-2 ISO 286-2
AD,,3 | Tolerance on crane Q IT12 IT13 IT14 IT14
wheel diameter for
: Tolerances Tolerances Tolerances Tolerances mm
coupled drive . . . .
according to according to according to according to
ISO 286-2 ISO 286-2 1ISO 286-2 ISO 286-2

(3)z102Z:1-88V2L OSI
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Page 11 of 12 |
Rev: B ]

[SUBJECT:PICKLING LINE & A.R.P.- Inquiry for Local Supply Equipment

Section 7) Surfaces Protection

All metallic surfaces of equipment shall be protected against

atmospheric and / or service corrosion as specified below.

e PAINTING SYSTEMS

DESCRIPTION RAL NO. TABLE

Outside Surfaces of Steel Framed buildings,
sheds, pipe racks, conveyor, towers, inside
buildings, pults, platforms and ancillary (Green) 6011 1
Structural steel works in general, Stairs and

gangways, supporting structure

Floor plates:

- Floor Side (Grey) 7038 1
- Ceiling side (Green) 6011
Stairs and gangways: supporting structure (Green) 6011 .
Steps and footpaths (Black) 9005
Railing: Handrails and treads (Black) 9005 .
Uprights and Legboards (Yellow) 1021
Gratings (Deck, Stairs, etc.), Bolts, Nuts, washers (Green) 6011 1
Machined Surfaces " Rust Preventive
0il
NOTES:

(1) Items listed below need no paint;
Weight Elements (in take-up assembly), High strength fasteners (10.9 and
above), parts in contact with concrete (e.g. base-plates), Rubber and parts

made of stainless steel, copper and aluminum alloys,tanks rubber lined

surfaces.

“FMOO0TIO3.Q0D- Report Form”
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PROJECT: KASHAN BATCH ANNEALING & PICKLING LINE

INDUSTRIES CO.
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\

J

[SUBJECT:PICKLING LINE & A.R.P.- Inquiry for Local Supply Equipment

Page 12 of 12 |

Rev: B ]
Table 1
- The painting shall be applied according to following table.
Paint No. | Paintin | Dry Film Interval
Process Name or of g Thickness Min.
Treatment | coa¢ | Metho of each Max.
: S d Coat (hrs.)**
(microns)
At Surface 1
Preparatio SIS SA 2 E
Shop
n
At .
Primer | 5>.component | 1| Ajrless 70 48 | -
Shop Coat Epoxy(P9)
At _
Shop Intermedia Epoxy(P14) 1 Airless 70 16
te Coat
At Final coat | Epoxy(P20) 1 Airless 80 16
Shop

* : For detail specification of painting cycles refer to pages 11~16 of

"packing instruction & painting cycles & welding inspection" attached.

** . Up to paint manufacturer instruction.

“FMOO0TIO3.Q0D- Report Form”
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ERANG: INTERNATIONAL ] : ] T
ENGINEERING : COMPANY S e e e

Page 11 of 18 ]

[PACKING INST. & PAINT CYCLES & WELDING INSP.-PICKLING LINE & ARP-LOCAL SUPPLY

Proj. No.:160410 J

Painting cycles

P.9 Epoxy consisting of two-elements Primer

Painting Product characteristics

-TYPE: Two-components
-COLOUR: Brown-red
- PIGMENT: percentage : 40-+45

Chemical composition: Zinc-chromate,Zinc-

phosphates,synthetic red-iron-

oxide,alluminium and magnesium

silicates.

Pigments and extenders shall not be

water-soluble.Carbonates must be
avoided .

-VEHICLE: percentage: 50+55

Chemical composition:  Epoxy resin solid solution.

-HARDENER: Amino or polyamides to be mixed at
the time of use.

-SPECIFIC WEIGHT: 1,30 + 1,40 (regarding the

-VISCOSITY AT 25° C.: 130" = 150" FORD Cup 4(product

mixed and

ready for use.)

Application Field and characteristics
- SURFACE ON WHICH THE PRIMER IS TO BE APPLIED :
Rust grade A-B-C-D Steel

Surface : Sa 2.1/2 Minimum grade blast cleaning

-PAINTING PRODUCTS WHICH CAN BE RECOATED:
(P.14) Epoxy intermediate coat or any others according
"Compatibility Table"(Parag.6.6.)

to the

“FMOO0TIO3.Q0D- Report Form”



[[lRlTEc) [_ssa,,,,_,q]
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Page 12 of 18 ]
Proj. No.:160410 J

[PACKING INST. & PAINT CYCLES & WELDING INSP.-PICKLING LINE & ARP-LOCAL SUPPLY

- APPLICATION: Brush, Spray, Airless, Roller
- DRYING TIME: 6 hours to the touch

-MINIMUM INTERVAL FOR 24 Hours

RECOATING:

- DRIED COAT LOOKS: Semi-Gloss
-MINIMUM THICKNESS OF

DRIED FILM: 40+50 microns

- AVERAGE YELD sq.m/kg: 5+ 7

Resistance Characteristics:
-SALT-SPRAY CHAMBER TEST (According to ASTM B-117)

350 Hours exposure
- HUMIDISTATIC CHAMBER TEST (According to ASTM D-2247)

350 Hours exposure.

“FMOO0TIO3.Q0D- Report Form”
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Page 13 of 18 ]
Proj. No.:160410 J

[PACKING INST. & PAINT CYCLES & WELDING INSP.-PICKLING LINE & ARP-LOCAL SUPPLY

P.14 Epoxy Intermediate Coat

Painting Products characteristics

- TYPE: Two-components
- COLOUR: Grey, Yellow, Green (Upon request)
-PIGMENT: percentage: 45 + 50

Chemical composition:  Grey:
Titanium dioxide, Black Ferric oxide,
Alluminium and Magnesium silicates.
Yellow:
Lead-Chromate, Yellow Ferric oxide,
Alluminium and Magnesium silicates.
Green:
Green Chromium oxide, Titanium
dioxide, Alluminium and Magnesium
silicates.
Pigments and extenders shall not be
water-soluble. Carbonates must be
avoided.

- VEHICLE: percentage: 55 +50

Chemical composition: Epoxy resin solid solution.

Among solvents, chlorinated and

benzene must be avoided.

-HARDENER: Amino and polyamides or any others to
be mixed at the time of use.

- SPECIFIC WEIGHT: 1,20 + 1,40 (regarding the

- VISCOSITY at 25 °C.: 50" + 70" FORD Cup 4 (product mixed

and ready for use.)

Application Field and charactristics

-SURFACE ON WHICH THE PRODUCT IS TO BE APPLIED :

(P.9.) Epoxy consisting of two-elements primer or any others according
to the "Compatibility Table" (Parag. 6.6.)

“FMOO0TIO3.Q0D- Report Form”
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Proj. No.:160410 J

[PACKING INST. & PAINT CYCLES & WELDING INSP.-PICKLING LINE & ARP-LOCAL SUPPLY

- PAINTING PRODUCTS WHICH CAN BE RECOATED:
(P.20) Epoxy Finish Coat or any others according to the "Compatibility
Table" (Parag.6.6.)

- APPLICATION: Brush, Spray, Airless, Roller.
- DRYING TIME: 4 + 6 hours to the touch

- MINIMUM INTERVAL FOR

RECOATING: 24 hours

-DRIED COAT LOOKS: Semi-Gloss

-MINIMUM THICKNESS OF

DRIED FI M: 40 = 45 microns

AVERAGE YELD sq.m/kg: 5-6

Resistance Characteristics :

-SALT-SPRAY CHAMBER TEST (According to ASTM B-117)
350 Hours exposure

-HUMIDISTATIC CHAMBER TEST (According to ASTM D-2247)

350 Hours exposure

“FMOO0TIO3.Q0D- Report Form”
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[PACKING INST. & PAINT CYCLES & WELDING INSP.-PICKLING LINE & ARP-LOCAL SUPPLY

Proj. No.:160410 J

P.20 Epoxy Finish Coat

Painting Product characteristics

- TYPE: Two components
- COLOUR: (Upon request)
-PIGMENT: percentage: Black Colour: 12 = 15

Other Colours: 25 + 35
Chemical composition:  According to the colour .

Pigments and extenders shall have strong

corrosion-proof characteristics.

Furthermore they shall not undergo any

colour's degradation and/or alteration.

Pigments and extenders shall not be

water-soluble. Carbonates must be

avoided.
- VEHICLE: percentage: Black Colour: 88 + 85
Other Colours: 75 + 65
Chemical composition: Epoxy resin solid solution.

Among solvents, chlorinated and benzene
must be avoided .

-HARDENER: Amino and polyamides or any others to
be mixed at the time of use.

- SPECIFIC WEIGHT: 1,10 = 1,40 (regarding the

- VISCOSITY at 25 °C.: 50" + 70" FORD Cup 4 (product mixed

and ready for use.)

Application Field and characteristics

-SURFACE ON WHICH THE PRODUCT IS TO BE APPLIED :
(P.14) Epoxy Intermediate Coat or any others according
"Compatibility Table" (Parag. 6.6.)

- APPLICATION: Brush, Spray, Airless, Roller.

- DRYING TIME: 2 hours to the touch

-DRIED COAT LOOKS: Gloss

to the
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-MINIMUM THICKNESS OF 30 + 40 microns

DRIED FILM:

AVERAGE YELD sq.m/kg: Black Colour: 7+8
Other Colours: 6+7

Resistance Characteristics :

-SALT-SPRAY CHAMBER TEST (According to ASTM B-117)

350 Hours exposure.

-HUMIDISTATIC CHAMBER TEST (According to ASTM D-2247)

350 Hours exposure.

For the performance of both tests, the steel samples shall be given two

coats of the painting product.
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