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Abstract
Requirements are presented for the design and fabrication of cyclically loaded press weldments, which includes the weld
repair of new and existing components. Filler metals and weld procedure specifications are recommended for the appli-
cable base metals that are limited to those consisting of carbon and low-alloy steels. Allowable unit stresses are provided
for weld metal and base metal for various cyclically loaded joint designs. This specification does not address the fabrication
or weld repair of pressure containing components such as hydraulic cylinders, air cylinders, or die cushions.
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Foreword

This foreword is not part of AWS D14.5/D14.5M:2009, Specification for Welding of
Presses and Press Components, but is included for informational purposes only.

The specification AWS D14.5/D14.5M addresses a recognized need in the press manufacturing and press repair indus-
tries to continue the advance of welding and to increase product reliability. The specification provides manufacturers,
fabricators, and repair companies with the minimum acceptable requirements for fabrication, modification, and repair of
cyclical press components. The requirements for procedure and welder qualification, workmanship, and prequalified
weld joints are emphasized.

This third edition has been edited to include both U.S. Customary and SI Units. Other revisions include updated tables
and figures. Contributors who prepared this document and worked to provide a high quality, reliable working document
represent manufacturers, users, repair companies, and insurance underwriters.

Underlined text in the subclauses, tables, or figures indicates an editorial or technical change from the 1997 edition. A
vertical line in the margin indicates a revision from the 1997 edition.

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.

This is a preview of "AWS D14.5/D14.5M:200...". Click here to purchase the full version from the ANSI store.This is a preview of "AWS D14.5/D14.5M:200...". Click here to purchase the full version from the ANSI store.This is a preview of "AWS D14.5/D14.5M:200...". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/RecordDetail.aspx?sku=AWS%20D14.5%2FD14.5M:2009&source=preview
https://webstore.ansi.org/Standards/AWS/AWSD145M2009&source=preview
https://webstore.ansi.org/Standards/AWS/AWSD145M2009?source=preview


ix

AWS D14.5/D14.5M:2009

Table of Contents

Page No.

Personnel ......................................................................................................................................................................v
Foreword .....................................................................................................................................................................vii
List of Tables...............................................................................................................................................................xii
List of Figures........................................................................................................................................................... xiii

1. General Provisions...................................................................................................................................... 1
1.1 Scope.............................................................................................................................................................1
1.2 Normative References ............................................................................................................................................1
1.3 Definitions ...............................................................................................................................................................2
1.4 Manufacturer’s Responsibility.......................................................................................................................... 2

2. Classification of Welded Joints and Materials........................................................................................ 3
2.1 Classification of Welded Joints................................................................................................................................3
2.2 Classification of Materials .......................................................................................................................................3

3. Welding Processes and Consumables ....................................................................................................... 6
3.1 Processes and Methods............................................................................................................................................6
3.2 Consumables .................................................................................................................................................6
3.3 Practices in Consumable Storage..................................................................................................................10

4. Weld Joint Design.............................................................................................................................................10
4.1 Introduction ...................................................................................................................................................... 10
4.2 Weld Joint Nomenclature............................................................................................................................10
4.3 Weld Joint Qualification ........................................................................................................................................10
4.4 Groove Welds..............................................................................................................................................11
4.5 Fillet Welds..................................................................................................................................................12
4.6 Plug and Slot Welds .....................................................................................................................................14

5. Design Stresses .......................................................................................................................................... 14
5.1 General........................................................................................................................................................14
5.2 Fatigue.........................................................................................................................................................14

6. Workmanship ............................................................................................................................................ 15
6.1 General........................................................................................................................................................15
6.2 Preparation of Materials................................................................................................................................... 15
6.3 Assembly ....................................................................................................................................................15
6.4 Preheat ........................................................................................................................................................15
6.5 Tack Welds ...................................................................................................................................................17
6.6 Temporary Welds.........................................................................................................................................................17
6.7 Control of Distortion and Shrinkage Stresses ....................................................................................................17
6.8 Dimensional Tolerance ..........................................................................................................................................17
6.9 Cleaning ......................................................................................................................................................17
6.10 Covering of Welds .......................................................................................................................................................17
6.11 Weld Quality Requirements...................................................................................................................................17

7. Qualification ...........................................................................................................................................17
7.1 Scope...........................................................................................................................................................17
Part A—Procedure Qualification ........................................................................................................................17
7.2 Qualification of Welding Procedures............................................................................................................17

This is a preview of "AWS D14.5/D14.5M:200...". Click here to purchase the full version from the ANSI store.This is a preview of "AWS D14.5/D14.5M:200...". Click here to purchase the full version from the ANSI store.This is a preview of "AWS D14.5/D14.5M:200...". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/RecordDetail.aspx?sku=AWS%20D14.5%2FD14.5M:2009&source=preview
https://webstore.ansi.org/Standards/AWS/AWSD145M2009&source=preview
https://webstore.ansi.org/Standards/AWS/AWSD145M2009?source=preview


x

Page No.

AWS D14.5/D14.5M:2009

7.3 Types of Tests and Purposes.........................................................................................................................24
7.4 Base Metal and Its Preparation....................................................................................................................24
7.5  Position of Test Welds ................................................................................................................................24
7.6 Welding of Test Samples .............................................................................................................................30
7.7 Test Specimens—Number, Type, and Preparation ............................................................................................30
7.8 Methods of Testing Specimens........................................................................................................................ 30
7.9 Test Results Required .................................................................................................................................30
7.10 Records ........................................................................................................................................................32
7.11 Retests .........................................................................................................................................................32

Part B—Welding Qualification ...........................................................................................................................33
7.12 General.........................................................................................................................................................33
7.13 Qualification Tests Required.........................................................................................................................33
7.14 Limitation of Variables.................................................................................................................................35
7.15 Groove Weld Plate Qualification Test for Plate of Unlimited Thickness........................................................38
7.16 Groove Weld Plate Qualification Test for Plate of Limited Thickness................................................................38
7.17 Groove Weld Qualification Test for Butt Joints on Pipe and Square or Rectangular Tubing.............................38
7.18 Groove Weld Qualification Test for T-, Y-, or K- Connections on Pipe and Square or Rectangular Tubing...43
7.19 Fillet Weld Qualification Test for Fillet Welds Only......................................................................................43
7.20 Position of Test Welds...................................................................................................................................43
7.21 Base Metal ...................................................................................................................................................44
7.22 Test Specimens—Number, Type, and Preparation...............................................................................................44
7.23 Method of Testing Specimens..................................................................................................................................44
7.24 Test Results Required...................................................................................................................................47
7.25 Retests.....................................................................................................................................................................47
7.26 Period of Effectiveness .............................................................................................................................................47
7.27 Records.........................................................................................................................................................................47

Part C—Welding Operator Qualification................................................................................................................48
7.28 General..........................................................................................................................................................................48
7.29 Limitation of Variables ..........................................................................................................................................48
7.30 Qualification Tests Required .................................................................................................................................48
7.31 Base Metal ...................................................................................................................................................49
7.32 Test Specimens—Number, Type, and Preparation...............................................................................................49
7.33 Method of Testing Specimens.......................................................................................................................50
7.34 Test Results Required ............................................................................................................................................50
7.35 Retests.....................................................................................................................................................................50
7.36 Period of Effectiveness .............................................................................................................................................50
7.37 Records.........................................................................................................................................................................50

Part D—Tack Welder Qualification............................................................................................................................................50
7.38 General..........................................................................................................................................................................50
7.39 Limitation of Variables ..........................................................................................................................................50
7.40 Qualification Tests Required.........................................................................................................................51
7.41 Base Metal..............................................................................................................................................................51
7.42 Test Specimens—Number, Type, and Preparation...............................................................................................51
7.43 Method of Testing Specimens..................................................................................................................................51
7.44 Test Results Required ............................................................................................................................................51
7.45 Retest ......................................................................................................................................................................51
7.46 Period of Effectiveness .............................................................................................................................................51
7.47 Records .......................................................................................................................................................52

8. Inspection ...........................................................................................................................................................52
8.1 Introduction .............................................................................................................................................52
8.2 Visual Inspection.........................................................................................................................................52

This is a preview of "AWS D14.5/D14.5M:200...". Click here to purchase the full version from the ANSI store.This is a preview of "AWS D14.5/D14.5M:200...". Click here to purchase the full version from the ANSI store.This is a preview of "AWS D14.5/D14.5M:200...". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/RecordDetail.aspx?sku=AWS%20D14.5%2FD14.5M:2009&source=preview
https://webstore.ansi.org/Standards/AWS/AWSD145M2009&source=preview
https://webstore.ansi.org/Standards/AWS/AWSD145M2009?source=preview


xi

Page No.

AWS D14.5/D14.5M:2009

8.3 Radiographic Inspection .............................................................................................................................56
8.4 Ultrasonic Inspection ..................................................................................................................................64
8.5 Magnetic-Particle Inspection.......................................................................................................................76
8.6 Liquid Penetrant Inspection.........................................................................................................................78

9. Modification or Repair ...................................................................................................................................79
9.1 General........................................................................................................................................................79
9.2 General Provisions for Modification or Repair ............................................................................................80
9.3 Defects ........................................................................................................................................................80
9.4 Repair of Weld-Related Defects .................................................................................................................80
9.5 Repair of Defects in Base Metal .................................................................................................................81
9.6 Correction of Distortion and Camber .........................................................................................................82
9.7 Correction of Improperly Fitted and Welded Members...............................................................................83
9.8 Repair Welding of Castings ........................................................................................................................83
9.9 Repair of Weldments After Machining.......................................................................................................83

10. Postweld Treatments ......................................................................................................................................83
10.1 Introduction ............................................................................................................................................................83
10.2 Thermal Residual Stress Reduction ..............................................................................................................83
10.3 Peening .........................................................................................................................................................................84
10.4 Vibratory Conditioning.................................................................................................................................84

Annex A (Normative)—Storage and Treatment of Electrodes and Fluxes ................................................................85
Annex B (Normative)—Prequalified Welded Joints................................................................................................................87
Annex C (Normative)—Design Guide ......................................................................................................................107
Annex D (Informative)—Quality Control System .......................................................................................................121
Annex E (Informative)—Suggested Qualification Record Forms ............................................................................123
Annex F (Informative)—Press and Press Components.............................................................................................129
Annex G (Informative)—Informative References .....................................................................................................139
Annex H (Informative)—Guidelines for the Preparation of Technical Inquiries...................................................................141
List of AWS Documents on Machinery and Equipment ..........................................................................................143

This is a preview of "AWS D14.5/D14.5M:200...". Click here to purchase the full version from the ANSI store.This is a preview of "AWS D14.5/D14.5M:200...". Click here to purchase the full version from the ANSI store.This is a preview of "AWS D14.5/D14.5M:200...". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/RecordDetail.aspx?sku=AWS%20D14.5%2FD14.5M:2009&source=preview
https://webstore.ansi.org/Standards/AWS/AWSD145M2009&source=preview
https://webstore.ansi.org/Standards/AWS/AWSD145M2009?source=preview


xii

AWS D14.5/D14.5M:2009

List of Tables

Table Page No.

1 Weld Quality Control Requirements.................................................................................................................6
2 Material Classification of Qualified Steel ........................................................................................................7
3 Allowed Chemical Composition Limits for Steels Prequalified for Welding ...................................................9
4 Minimum Weld Size for Fillet and Partial Joint Penetration Groove Welds ....................................................11
5 Cross-Sectional Tolerances for Groove Welds................................................................................................16
6 Minimum Preheat and Interpass Temperatures...............................................................................................16
7a Matching Filler Metal Requirements (U.S. Customary Table) ........................................................................ 19
7b Matching Filler Metal Requirements (SI Units Table) ..................................................................................20
8 Number and Type of Test Specimens and Range of Thickness Qualified—Procedure Qualification...............31
9 Acceptance Criteria for Visual Inspection ...................................................................................................37

10 Maximum Weld Reinforcement for Butt Joints in Pipe ..................................................................................38
11 SMAW Electrode Groups...............................................................................................................................43
12 Welder Qualification—Type and Position Limitations ...................................................................................44
13 Number and Type of Specimens and Range of Thickness Qualified—Welder Qualification .....................45
14 Standard Hole-Type and Wire Image Quality Indicator Requirements............................................................57
15 Examples of Acceptable Indications ..............................................................................................................61
16 Limits on Acceptability and Repair of Cut Edge Discontinuities of Plate ...................................................... 82
A.1 Electrodes Covered by AWS A5.1/A5.1M, Specification for Carbon Steel Electrodes for

Shielded Metal Arc Welding .........................................................................................................................86
A.2 Electrodes Covered by AWS A5.5/A5.5M, Specification for Low-Alloy Steel Electrodes for

Shielded Metal Arc Welding .........................................................................................................................86
C.1 Allowable Static Load on Fillet and Partial Penetration Groove Welds........................................................109
C.2 Allowable Stress in Weld Metal ...................................................................................................................110
C.3 Stress Categories to Determine Allowable Stress Range ..............................................................................116
C.4 Allowable Stress Range, ksi [MPa]..............................................................................................................119
C.5 Double Fillet Weld Size to Develop Full Static Strength of Plate ....................................................................119

This is a preview of "AWS D14.5/D14.5M:200...". Click here to purchase the full version from the ANSI store.This is a preview of "AWS D14.5/D14.5M:200...". Click here to purchase the full version from the ANSI store.This is a preview of "AWS D14.5/D14.5M:200...". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/RecordDetail.aspx?sku=AWS%20D14.5%2FD14.5M:2009&source=preview
https://webstore.ansi.org/Standards/AWS/AWSD145M2009&source=preview
https://webstore.ansi.org/Standards/AWS/AWSD145M2009?source=preview


xiii

AWS D14.5/D14.5M:2009

List of Figures

Figure Page No.

1 Classification of Welded Joints ........................................................................................................................4
2 Details of Fillet Welds ...................................................................................................................................13
3 Positions of Groove Welds.............................................................................................................................25
4 Positions of Fillet Welds ................................................................................................................................26
5 Positions of Test Plates for Groove Welds......................................................................................................27
6 Positions of Test Pipe or Tubing for Groove Welds ........................................................................................28
7 Positions of Test Plates for Fillet Welds .........................................................................................................29
8 Location of Test Specimens on Welded Test Pipe—2 in or 3 in [50 mm or 75 mm] Diameter ........................32
9 Location of Test Specimens on Welded Test Pipe—6 in or 8 in [150 mm or 200 mm] Diameter ....................32

10 Location of Test Specimens on Welded Test Plate—Electroslag and Electrogas Welding—Procedure
Qualification .................................................................................................................................................33

11 Location of Test Specimens on Welded Test Plate Over 3/8 in [10 mm] Thick—Procedure
Qualification ......................................................................................................................................... 34

12 Location of Test Specimens on Welded Test Plate 3/8 in [10 mm] Thick and Under—Procedure
Qualification..................................................................................................................................................35

13 Fillet Weld Soundness Test for Procedure Qualification .............................................................................36
14 Test Plate for Unlimited Thickness—Welder Qualification ............................................................................38
15 Optional Test Plate for Unlimited Thickness—Horizontal Position—Welder Qualification............................39
16 Test Plate for Limited Thickness, All Positions—Welder Qualification ..............................................................39
17 Optional Test Plate for Limited Thickness, Horizontal Position—Welder Qualification .................................40
18 Fillet Weld Break and Macroetch Test Plate—Welder Qualification—Option 1.................................................40
19 Fillet Weld Root Bend Test Plate—Welder Qualification—Option 2..............................................................41
20 Pipe Test Butt Joint without Backing—Welder Qualification .........................................................................42
21 Pipe Test Butt Joint with Backing—Welder Qualification....................................................................................42
22 Test Joint for T-, Y-, and K-Connections on Pipe or Tubing—Welder Qualification .......................................42
23 Location of Test Specimens on Welded Test Pipe—Welder Qualification ......................................................46
24 Test Plate for Unlimited Thickness—Welding Operator Qualification............................................................48
25 Butt Joint for Electroslag and Electrogas—Welding Operator Qualification...................................................49
26 Fillet Weld Break Specimen—Tack Welder Qualification..............................................................................51
27 Method of Fracturing Fillet Weld Break Specimen—Tack Welder Qualification............................................51
28 Cracks in Welded Joints.................................................................................................................................53
29 Acceptable and Unacceptable Weld Profiles ..................................................................................................54
30 Radiographic Identification and Hole-Type or Wire IQI Locations on Approximately Equal

Thickness Joints 10 in [250 mm] and Greater in Length.................................................................................57
31 Radiographic Identification and Hole-Type or Wire IQI Locations on Approximately Equal

Thickness Joints Less Than 10 in [250 mm] in Length...................................................................................58
32 Radiographic Identification and Hole-Type or Wire IQI Locations on Transition Joints

10 in [250 mm] and Greater in Length...........................................................................................................59
33 Radiographic Identification and Hole-Type or Wire IQI Locations on Transition Joints

Less Than 10 in [250 mm] in Length.............................................................................................................60
34 Aligned Rounded Indications ........................................................................................................................62
35 Groups of Aligned Rounded Indications........................................................................................................62
36 Charts for Thickness t Equal to 1/8 in to 1/4 in [3 mm to 6 mm], Inclusive ...................................................63
37 Charts for Thickness t Over 1/4 in to 3/8 in [6 mm to 10 mm], Inclusive..........................................................63
38 Charts for Thickness t Over 3/8 in to 3/4 in [10 mm to 20 mm], Inclusive.....................................................64

This is a preview of "AWS D14.5/D14.5M:200...". Click here to purchase the full version from the ANSI store.This is a preview of "AWS D14.5/D14.5M:200...". Click here to purchase the full version from the ANSI store.This is a preview of "AWS D14.5/D14.5M:200...". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/RecordDetail.aspx?sku=AWS%20D14.5%2FD14.5M:2009&source=preview
https://webstore.ansi.org/Standards/AWS/AWSD145M2009&source=preview
https://webstore.ansi.org/Standards/AWS/AWSD145M2009?source=preview


xiv

Figure Page No.

AWS D14.5/D14.5M:2009

39 Charts for Thickness t Over 3/4 in to 2 in [20 mm to 50 mm], Inclusive........................................................65
40 Charts for Thickness t Over 2 in to 4 in [50 mm to 100 mm], Inclusive.........................................................66
41 Charts for Thickness t Over 4 in [100 mm]....................................................................................................67
42 70° Calibration Standard......................................................................................................................68
43 60° Calibration Standard......................................................................................................................69
44 45° Calibration Standard......................................................................................................................70
45 Typical Screen Calibration.............................................................................................................................71
46 Test Procedure—Butt Joint Welds .................................................................................................................72
47 Method of Detecting Longitudinal Discontinuities in Butt Joint Welds Not Ground Flush .............................73
48 Method of Detecting Longitudinal Discontinuities in Butt Joint Welds Ground Flush.......................................73
49 Method of Detecting Longitudinal Discontinuities in Corner Welds Not Ground Flush..................................74
50 Procedure for Testing T-Joint Welds...............................................................................................................75
51 Method of Using Procedure for Testing T-Joint Welds ...................................................................................75
52 Edge Discontinuities in Cut Material .............................................................................................................81
B.1 Prequalified Complete Joint Penetration Groove Welded Joints .................................................................87
B.2 Prequalified Partial Joint Penetration Groove Welded Joints............................................................................98
C.1 Typical Groove Welds .................................................................................................................................108
C.2 Typical Fillet Welds...............................................................................................................................................109
C.3 Illustrative Examples for Table C.3............................................................................................................111
C.4 Design Stress Range Curves for Categories A to F Redundant Structures................................................114
C.5 Design Stress Range Curves for Categories A to F Nonredundant Structures ..........................................114
C.6 Graphic Representation of Allowable and Working Stresses Under Cyclic Loading Conditions .............115
F.1 Typical Frame Press ...................................................................................................................................130
F.2 Typical Press Loading ................................................................................................................................131
F.3 Typical Mechanical Press...........................................................................................................................132
F.4 Typical Hydraulic Press .............................................................................................................................133
F.5 Typical Injection Molding Press ................................................................................................................134
F.6 Typical Horizontal Hydraulic Extrusion Press...........................................................................................134
F.7 Typical Welded Gear Drive Types .............................................................................................................135
F.8 Typical Drive Mechanism ..........................................................................................................................136
F.9 Styles of Presses..........................................................................................................................................137

List of Forms

Form Page No.

E.1 Sample Welding Procedure Specification (WPS) ......................................................................................124
E.2 Sample Procedure Qualification Record (PQR) ........................................................................................126
E.3 Sample Welder and Welding Operator Qualification Test Record .................................................................127

This is a preview of "AWS D14.5/D14.5M:200...". Click here to purchase the full version from the ANSI store.This is a preview of "AWS D14.5/D14.5M:200...". Click here to purchase the full version from the ANSI store.This is a preview of "AWS D14.5/D14.5M:200...". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/RecordDetail.aspx?sku=AWS%20D14.5%2FD14.5M:2009&source=preview
https://webstore.ansi.org/Standards/AWS/AWSD145M2009&source=preview
https://webstore.ansi.org/Standards/AWS/AWSD145M2009?source=preview


AWS D14.5/D14.5M:2009

1

1. General Provisions
1.1 Scope. The purpose of this specification is to estab-
lish minimum acceptable requirements for weld joint
design and the fabrication by welding of presses and
press components, and is not intended to apply to mate-
rial feed mechanisms and tooling. It shall also apply to
the modification or repair by welding of new or existing
presses or press components. Its intent is to promote the
following:

(1) High-quality construction and repair of presses;

(2) Adequate initial and sustained performance of
equipment;

(3) Personnel and equipment safety;

(4) Clear, concise fabrication practices that will be
readily understood by the manufacturer, fabricator,
buyer, and user;

(5) The Manufacturer, Fabricator, and Repair Organi-
zation shall have and maintain a welding quality program
that will establish that all requirements of this specifica-
tion will be met. A recommended welding quality pro-
gram is outlined in Annex D.

This specification establishes the minimum acceptable
practice at the time of its publication. It is not intended to
restrict new developments or in any way to inhibit
advances in the art of welding.

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 D14.5 uses U.S. Customary Units. The
specification D14.5M 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
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.

1.2 Normative References. The following standards
contain provisions which, through reference in this text,
constitute mandatory provisions of this AWS standard.
For undated references, the latest edition of the refer-
enced standard shall apply. For dated references, subse-
quent amendments to, or revisions of, any of these
publications do not apply.

Informative references (found in nonmandatory language
or elements) are shown in Annex G.

AWS Standards1

ANSI Z49.1, Safety in Welding, Cutting, and Allied
Processes;

AWS A2.4, Standard Symbols for Welding, Brazing,
and Nondestructive Examination;

AWS A3.0, Standard Welding Terms and Definitions;

AWS A5.1/A5.1M, Specification for Carbon Steel
Electrodes for Shielded Metal Arc Welding;

AWS A5.5/A5.5M, Specification for Low-Alloy Steel
Electrodes for Shielded Metal Arc Welding;

AWS A5.01, Filler Metal Procurement Guidelines;

AWS A5.17/A5.17M, Specification for Carbon Steel
Electrodes and Fluxes for Submerged Arc Welding;

AWS A5.18/A5.18M, Specification for Carbon Steel
Filler Metals for Gas Shielded Arc Welding;

1 AWS standards are published by the American Welding
Society, 550 N.W. LeJeune Road, Miami, FL 33126.
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