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Foreword

(This Foreword is not a part of DIO.4-86, Recommended Practices for Welding Austenitic Chromium-Nickel
Stainless Steel Piping and Tubing but is included for information purposes only.)

These recommended practices are intended to provide information which may be used to avoid, or at least minimize~
difficulties in welding austenitic stainless steel piping and tubing, The termpipe used in the text also includes tube. Cast
chromium-nickel stainless steel pipe with carbon content above 0.20 percent requires practices different from the
austenitic stainless steels, therefore they are covered in the Appendix.

The first document on this subject was approved by the AWS Board of Directors in August 1955 under the title, The
Welding of Austenitic Chromium-Nickel Steel Piping and Tubing, A Committee Report and published as AWS
DIO.4-55T. This version was revised in 1966.

In 1979) a major updating of the document was completed and published as AWS D10.4-79, Recommended Practices
for Welding Austenitic Chromium-Nickel Stainless Steel Piping and Tubing. This version presented a detailed
discussion of the role of delta ferrite in austenitic chromium-nickel steel welds.

The present document further expands and refines this information and, in addition, contains an Appendix which
gives recommendations for welding high-carbon stainless steel castings.

Comments or inquiries pertaining to these recommended practices are welcome. They should be addressed to:
Secretary, AWS Committee on Piping and Tubing, American Welding Society, 550 N.W. Lejeune Road, P.O. Box
"351040, Miami, FL 33135.

IV



Table of Contents
page no.

Pel·S011nel I •••• I I • I I •••• I •• I I • I •••• I ••• I I •••• I I ••••• I •••••• I •• , ••••••• , ill
Fore~vord I I • I I • I ••••••••• , •••••••••••• e ••••••• e e ••••••••••••• e- • • • • • • • • • • • • • • • • .. •• iv
List of Tables " t •••• I I I I •• Ie •••• I •• I • I •••••••• I •••••••• I • .; •••••••• I vii
List of FiglJres I ••••••••••••••••• e • e •••••••••••••••••••••••••••••••• I I I ••••••••••••••••••••••• viii
Intl'oduction I • I •••••• I ••• I I I •••••••••••••• I • • • • • 1

1.~Material COlnpositions and Specifications e e ••••••••••••••••••••• I • • • • • • • • • • • • • • • • • • • • 1
1.1 Compositions I I •••••••• I ••• I •••••••••••••• I ••••••••••••••••••••••• I • _, •••••••••••• I I 1
1.2 Specifications I I •••••••••••••••••••• I •••••••••••••••••• I • • • • • • • • • • • 1

2. Base Metals t I I ••• I •••••• I •••••••• I •• I ••••••••••••••••••• I I • • • • • • • • • • • • • • •• 1
2.1 Primary Types (304, 305, 309, and 310) I I ••••• I •• I ••••• I I •• I 1
2.2 Chromium-Nickel~Molybdenum Types (316 and 317) " ..•... , .. I I •••••••••••••••••••• I ... I 3
2.3 Stabilized Types (321 and 347) I ••••••••••• I I I •• I I •• I • I I I I •••• I •• I I I •• I •••• I I I 3
2.4 Lo\v Carbon Types (304L, 309S~ 3108, and 316L) I ••• I I •••• I I .. I • I I I ••••••• I ••• I • • • • • • • • • • •• 3
2.5 "H"Types (305H, 316H, 321H, 347H, and 348H) I I ••••••••••••••••••••••• I " '" 4
2.6 Stainless Steel for Nuclear Service Types (348 and 348H) e • • • • • • • • .. • • • • • • • • •• 4
2.7 High Carbon Cast Types (HF, HH, HK, HE, HT, HI, HU, and HN) - I ••• I •••••• I 5
2.8 Low Carbon Cast Types (CF3, CF8, CF8C, CF8M, CF3M, eR8, CPK20, and CH20) I ••• I • • •• 6

3. Filler Metal I ••••••• , I •••••••••• I ••••••• I I I I •••• I I •• 6
3.1 Selection of Filler Metal "_ I •• I • • • • • • •• 6
3.2 WeldiIlg Electrodes " " , I ••••••••••••••••• " • • • • • • • •• 6

4. Ferrite I • I _" •••••••••••• '" - •• 7
4.1 Weld Metal Structure . I I I I I •••• I ••••••••• I I •••• I • • • • • • • • • •• 7
4.2 Ferrite Phase e I ••••• I ••••• I ••••••••••••• I ••••• I •• 7
4.3 Measurement of Ferrite I • I ••• I ••••••••••••••••••••••••••••••• I •••••••••••••••• I • t •••••••• I 8
4.4 Importance of Ferrite I I •• I ••••••••••••• , I I ••••••• I I I •• I ••• I •• I •••• I •••••••• I I •• I 8
4.5 Ferrite in Root Passes and Subsequent Passes .. I •••••• I I • • • • • • • • • • • • • • • • .. .. • • • • .. • • • .. • • • • .. • .. .. •• 9
4.6 Effect of Welding Conditions on Ferrite I ••••••••• I •••••••••••••• I •••••••• I • • • • • • •• 9

5. Weldilzg PI'ocesses ...........••.•• I • I I •• I ••• I ••• I •••• I I I • I JI I 9
5.1 Shielded Metal Arc Welding (SMAW) .. 1-' ••••• " •• t •• I '" •••••• ,-, '" 9
5.2 Gas Tungsten Arc Welding (GTAW) " .. " . I ••••••• I I e ••••••• 10
5.3 Gas Metal Arc Welding (GMAW) " ,., 10
5.4 Submerged Arc Welding (SAW) 11
5.5 Other Welding Processes. I ••• I ••••••••••• " ••••••• " •••••• I •••••••• I " •••••••••• " • " • • • • •• 11

6. Welding ofDissimilar Stainless Steel Joints e e " 11

7. Welded Joints in Pipe I • I I • I •••••••••••••••••••• I •••• I •••••••••••••••••• I • • .. • • • • • • •• 11
7.1 Joint Design I I ••• I • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • .. • • .. • • .. • • • • • • • • •• 11
7.2 Consumable Inserts . I I •••••••• I ••••••••••••••••••••••• I ••••••••••••• I • • • • • • • • .. • • • • • • • • • •• 14
7.3 Insert Application I e • • .. • • • • • • • • • .. • .. • • • • • • l4
7.4 Inert Gas Purging I .. t I I ••••••••••••••••••••••••••• I •• -. • • • • • • • • • • • • • • • • • • • • • • • • •• 16
7.5 Open Butt Welding , I' ••• II •••••••• I •• I ••••••••••• " " 18

v



8. Welding Techniques 18
8.1 Starting the Arc ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18
8.2 Welding Positon and Electrode Handling : I • • • • • • •• 18
8.3 Weld Size and Contour. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 19
8.4 Travel Speed , . . . . . . . . . .. 19
8.5 Welding Current I • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 19
8.6 Extinguishing the Arc with SMAW 19
8.7 Cleaning and Finishing 20
8.8 Repair . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20

9. Problems Related to Welded Joints 21
9.1 Cracking : , .. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 21
9.2 Corrosion , , , , 23
9.3 Sigma Phase Formation-High-Temperature Service " .. '" , 24

10. Inspection Methods . ....•.•.•........•......•...•................. , .. , 24
10.1 Visual Inspection , I • • • • • • • • • •• 25
10.2 Hydrostatic Testing, , 25
10.3 Liquid Penetrant Methods 25
10.4 Radiography. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 25
10.5 Ultrasonic Methods , ...•.. , . . . . . .. 25
10.6 Inspection With Magnetic Instruments 25
10.7 Acoustic Emission Testing Methods (AET) 25
10.8 Chemical Spot Testing , 25
10.9 Halogen Leak Testing Methods , ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 25
10.10 Mass Spectrometer Testing Method , , 25

11. Safety and Health .", , , 26
11.1 Fumes and Gases .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 26
11.2 Radiation , .. , 26
11.3 Electric Shock. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 26
11.4 Fire Prevention '- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 26
11.5 Explosion 26
11.6 Burns .......•... , • . . . . . . . . . . . . . . . • . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 26
11.7 Further Information , . . . . .. 26

Appendix A -:.- Welding High-Carbon Stainless Steels. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 27
AI. Introduction I ••••••••• , ••••••••••••••••••••••••••••••••••••••••••••••••••••• 27
A2. Some Factors Governing Casting Material Use I •••••••••••••••••••••••••••••••••••••••• 27

Appendix B - Document List I ••••••••••••••••••• , ••••• I • • • • • • • • • • • • •• 33
Appelldix C -Safety and Health .. I ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 34

vi









































































34

Appendix C •
Safety and Health

There are many factors involved in welding and allied
processes which may have adverse effects on the safety
and health of those individuals who work in, or who
spend time in, areas where welding and allied operations
are being performed.

Individuals and organizations using the processes de­
scribed in this document should familiarize themselves
with the safety and health aspects ofthe work to be done.

A series of essays on the subjects of "Fumes and
Gases", "Noise", "Chromium and Nickel in Welding
Fume", "Electrical Hazards", "Radiation", "Fire Protec­
tion", and "Burn Protection", has appeared in the Weld­
ing Journal (August through December 1982).

Supplementary Reading List

(1) ANSIjNFPA 51-BI977, Cutting and Welding
Processes, Quincy, MA: National Fire Protection
Association.

(2) Arc Welding and Cutting Noise, Miami: Ameri­
can Welding Society, 1979.

(3) Balchin, N. C., Health and Safety in Welding and
Allied Processes, 3rd Ed., England: The Welding Insti­
tute, 1983.

(4) Compressed Gas Association, Inc., Handbook of
Compressed Gases, 2nd Ed., New York: Von Nontrand
Reinhold Co., 1981.

(5) Dalziel, Charles E, Effects ofElectric Current on
Man, ASEE Journal, 1973, June 18-23.

(6) Effects of Welding on Health, I, II, III, and IV,
Miami: American Welding Society, 1979, 1981, 1983.

(7) Fumes and Gases in the Welding Environment,
Miami: American Welding Society, 1979.

(8) Safe Handling of Compressed Gases in Contain­
ers, P-l, New York: Compressed Gas Association,
1974.

(9) The Facts About Fume, England: The Welding
Institute, 1976.

(10) The Welding Environment, Miami: American
Welding Society, 1973.

(11) Ultraviolet Reflectance ofPaint, Miami: Ameri­
can Welding Society, 1976.

(12) Welding Fume Control with Mechanical Venti­
lation, 2nd Ed., San Francisco: Fireman's Fund Insur­
ance Companies, 1981.

Further detailed information may be found in the
publications of the following organizations:

(1) American Welding Society (AWS)
550 NW LeJeune Road
P.O. Box 351040
Miami, Florida 33135

(2) Occupational Safety and Health Administration
(OSHA), all publications available from:
Superintendent of Documents
U.S. Printing Office
Washington, DC 20402

(3) American Conference of Governmental Industrial
Hygienist (ACGIH)
6500 Glenway Avenue
Building D-S
Cincinnati, Ohio 45211

(4) National Institute for Occupational Safety and
Health (NIOSH)
4676 Columbia Parkway
Cincinnati, Ohio 45226

(5) National Fire Protection Association (NFPA)
Batterymarch Park
Quincy, Massachusetts 02269
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