An Engineer’s Guide
to Fabricating Steel
Structures

Volume 2
Successful Welding of
Steel Structures
By

John Taylor
BSc, Sen.MWeldl




AUSTRALIAN STEEL INSTITUTE
A.C.N. 000973 839

AN ENGINEER’S GUIDE TO FABRICATING STEEL STRUCTURES
VOLUME 2 - SUCCESSFUL WELDING OF STEEL STRUCTURES

© JOHN TAYLOR 2003

NATIONAL LIBRARY OF AUSTRALIA
CARD NUMBER AND ISBN 0-909945-92-6

Published by:
AUSTRALIAN STEEL INSTITUTE

All rights reserved. This book or any part thereof
must not be reproduced in any form without the
written permission of the Australian Institute of Steel Construction.

FIRST EDITION 2003

National Library of Australia Cataloguing- in- Publication entry:

Taylor, John Stuart.

An engineer’s guide to fabricating steel structures. Volume 2,

Successful Welding of Steel Structures Set
ISBN 0-909945-89-6

0

5893

Bibliography.
Includes index.
ISBN 0 909945-92-6 (v. 2).

ISBN 0 909945 89 6 (set).

97780909794

1. Building, Iron and steel. 2. Welding. 3. Steel, Structural.
|. Australian Steel Institute.
1. Title.

624.1821

Enquiries should be addressed to the publisher:
Australian Steel Institute
Business address - Level 13, 99 Mount Street, North Sydney, NSW 2060, Australia.
Postal address - P.O. Box 6366, North Sydney, NSW 2059, Australia.
www.steel.org.au

Disclaimer:

Every effort has been made and all reasonable care taken to ensure the accuracy of the material
contained in this publication. However, to the extent permitted by law, the Authors, Editors and
Publishers of this publication: (a) will not be held liable or responsible in any way; and (b) expressly
disclaim any liability or responsibility for any loss or damage costs or expenses incurred in connection
with this Publication by any person, whether that person is the purchaser of this Publication or not.
Without limitation, this includes los, damage, costs and expenses incurred if any person wholly or
partially relies on any part of this Publication, and loss, damage, costs and expenses incurred as a
result of the negligence of the Authors, Editors or Publishers. Should expert assistance be required, the
services of a competent professional person should be sought.

ASI - An Engineer’s Guide to Fabricating Steel Structures - i - Vol 2 - Successful Welding of Steel Structures



Contents

List of Figures \4
List of Tables vii
1. Welded Connection Detailing ............ccciiiiiiiiiinnnnnnss 1
1.2. Weld Preparation Details ......... .. .. .. .. .. .. 5
1.3. Butt Weld Preparations . ......... ... ... i 13
1.4. Standardised and Prequalified Weld Preparations ................ 17
1.5. Joint Preparations at Skewed Angles ................ ... .. .... 17
1.6. Common CONNECtIONS . . .. v v vttt ittt et een e 19
1.7. From Design to Manufacture ............ ... ... ... ... ...... 22
1.8. References .. ... i 24
2. Fatigue of Steel Structures ..........ciiiiiiiieenecnrcnrensnns 25
2.1. Fatigue of Polished Samples ... ...... ... .. .. .. .. .. . ... .. 26
2.2. Fatigue Tests of Real Structures ......... ... .. .. ... ... ..... 26
2.3. Fatigue Design using AS 4100 . ...... ... .. .. ... 28
2.4. Structural Detail Categories ..............c.iiiinnennen... 31
2.5. Factors Affecting Fatigue Life .......... ... .. .. .. .. ... ... 37
2.6. Designing to Improve Fatigue Life ........................... 39
2.7. Treatments to Improve Fatigue Life .............. .. ... ... ... 39
2.8. References .. ... i 41
3. Column and Beam Structures ..........ccceiviiiiieeeenenennns 42
3.1. Introduction . . ... ... 42
3.2. Columnsand Beams .......... ... ... . . .. 42
3.3. Rigid and Flexible Connections ............... ... . .ocvuen... 46
3.4. Welded Connections ... .........uuuiiniinnnnnnennennan. 47
3.5. U S .« vttt it e e 54
3.6. Erection .. ... .o 55
3.7. References .. ... 57
4. Tubular Structures . .......cccoiiiiiitiieieieneneeenencanenns 58
4.1. Tubular Material ......... ... .. . i 58
4.2. Bend-forming of CHS, SHSand RHS ....... ... .. ... ... ... ... 59
4.3. Forming of Tube from Plate ......... ... .. .. .. .. .. ... ... 60
4.4, Weld Joint Designs .. ...t 60
4.5. Welding and Inspection of Tubular Joints ...................... 67
4.6. References .. ... 68

ASI - An Engineer’s Guide to Fabricating Steel Structures - 1ii - Vol 2 - Successful Welding of Steel Structures



5. Storage and Processing Containers ...........cooiviveuinnennns

5.1. Pressure Vessels . ...... ... i
5.2. Designof Tanksand Bins . ....... .. ... ... ... ... . ...
5.3. Manufacture of pressure vessels ......... .. .. ...
5.4. Manufacture of flat bottomed tanks ............ .. ... ... . .....
5.5. References .. ...
6. Residual Stress and Distortion ...........ccoiiiiiiiiiiiinen..
6.1. Residual Stress From a Thermal Gradient ......................
6.2. Residual stressinwelds ......... ... .. .. . . ..,
6.3. Consequences of residual and reaction Stress ...................
6.4. Measurement of Residual Stress ......... .. .. .. .. .. . ...
6.5. Reduction of Residual Stress ........ .. .. .. .. ...
6.6. Distortion and its Control ........ ... ... .. .. . . ...
6.7. References .. ... i
7. Inspectionand Testing ........ccoviiiiiiiiiiiieienenennenenns
7.1. Flaws, Non-Conformities and Defects .. .......................
7.2. Inspection Integrity . ........ ... .
7.3. Management of Inspections ............ ... .. ...
7.4. Level of Inspection . ........ ... . ..
7.5. Visual Inspection . . ... ...
7.6. Pre-welding Inspection . . ........ .. .. . i
7.7. Liquid Penetrant Inspection ............ ... .. .. .. ...
7.8. Magnetic Particle Inspection . ......... ... .. .. .. . ...
7.9. Radiography . ...... ...
7.10.  Ultrasonic Inspection . ............ ...t
7.11.  Proof Loading Tests . ........ ... i,
7.12.  Other Techniques . ....... ... .. it
713, References . ... ... e
8. Management of Fabrication Quality .................... ... ...,
8.1. Aims of Quality Management . .. .......... ... ... ... .. ... ...
8.2. Appropriate Level of Quality Management .....................
8.3. Quality Assurance to ISO9000 ........ ... .. .. .. ...
8.4. AS / NZS /1SO 3834 Quality Requirements for Welding ..........
8.5. Design and Project Management ................. ... ... ......
8.6. Inspection and Test Plan (ITP) ........ .. .. .. ... . .. ...
8.7. Process Instructions . ....... ... .. . i
8.8. Welding Procedures . .......... ... i
8.9. Welding Personnel .......... ... . . . . . i
8.10.  Fabrication Inspection . .. ...... ... ... .. i
8.11.  Identification and Traceability ........... ... .. ... ... ... .....
8.12.  Documentation . .............iutintiti e
8.13.  References . .. ... ..ot e
8.14.  Examples of Quality Assurance Forms ........................

69

69
69
70
70
76

77

77
79
80
82
84
85
89

90

90
90
91
92
94
94
95
97
102
107
117
119
122

ASI - An Engineer’s Guide to Fabricating Steel Structures -1iv - Vol 2 - Successful Welding of Steel Structures



Foreword

This book is the second volume of a two-volume book produced to provide engineers and
detailers with an insight into fabrication, but it will be of interest to fabricators and others.
The book originally started out as notes for a short course for structural engineers in
welding and NDT practice put on at the Advanced Manufacturing Training Centre at
Subiaco, Western Australia. The course was presented in association with the
Association of Steel Construction and the Welding Technology Institute of Australia. It
has changed since those early days, with the scope extending beyond welding to cover
structural materials, fabrication practices, weld joint types, and detailing of structural
connections.

The first volume of this book looks at materials and methods of steel fabrication
practices, including cutting, forming and welding. This volume will concentrate on
design detailing from a practical point of view. The aspects of detailing affecting
producibility, project cost, and detail soundness are considered.

The first chapter concentrates on weld joint design, and on how the engineering and
detailing affects producibility and productivity. The later chapters look at fabrication
details for specific structure types. Aspects of quality management are also covered,
including weld inspection.

The information comes partly from the author’s experience as a Welding Engineer over
30 years. However, no work such as this is undertaken in isolation. Acknowledgments
must go the many previous works included in the reference list at the end of each section.
All of these references are more detailed than this slim volume, and should be consulted
for further information.

Thanks are particularly due to Rupert Grayston formerly of ASI who encouraged the
author to produce this work, and who is responsible for presenting a number of case
histories to the class. Thanks also to Jim McGregor of Metlabs who is responsible for
presenting the course part on Non-destructive testing. Sue Bond and Trina Ding from the
ASI assisted with checking references, proof reading and some diagrams.

Acronyms

Today it is fashionable to use copious numbers of acronyms throughout publications,
mostly to impress the reader with the writer’s prowess rather than to help
communication. The author has tried to use the minimum number, restricting the use to
already accepted abbreviations. Each has been defined the first time it is used. If the
reader finds an acronym that is not understood, a look at the index should find its first use
and the definition. Volume 1 contains a useful glossary of metallurgical terms.
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