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for the Welding Industry

What are they?
An Expert Technology Tool (ETT) is a medium for diffusion and 
take-up of technological information based on global research 
and development (R&D) and experience to improve industry 
performance.

It can be formatted as a hard copy, software (fixed, interactive 
or modifiable), audiovisual (videos and sound tapes) or physical 
samples. It can be complemented by face-to-face interaction, 
on-site and remote assistance, training modules and auditing 
programs.

The diagram overleaf and the information below show how 
the WTIA has introduced a group of ETTs to help companies 
improve their performance.

ETTs and the SME – how can they help my Total 
Welding Management System?
A Total Welding Management System (TWMS) is a major ETT 
with supporting ETTs created specifically to assist Australian 
industry, particularly those Small to Medium Enterprises (SMEs) 
that do not have the time or finance to develop an in-house 
system. These companies, however, are still bound by legal 
requirements for compliance in many areas such as OHS&R, 
either due to government regulation or to contract requirements. 
The TWMS developed by the WTIA can be tailor-made by SMEs 
to suit any size and scope of operation, and implemented in full 
or in part as required.

What is Total Welding Management?
Total Welding Management comprises all of the elements shown 
in the left-hand column of the table shown overleaf. Each of  
these elements needs to be addressed within any company, 
large or small, undertaking welding, which wishes to operate 
efficiently and be competitive in the Australian and overseas 
markets. 

The Total Welding Management System Manual (itself an Expert 
Technology Tool) created by the WTIA with the assistance of 
industry and organisations represented within a Technology 
Expert Group, overviews each of these elements in the left- 
hand column. It details how each element relates to effective 
welding management, refers to supporting welding-related ETTs, 
or, where the subject matter is out of the range of expertise of the 
authors, refers the user to external sources such as accounting 
or legal expertise.

Knowledge Resource Bank
The other columns on the diagram overleaf list the Knowledge 
Resource Bank and show examples of supporting ETTs which 
may, or may not, be produced directly by the WTIA. The aim, 
however, is to assist companies to access this knowledge and 
to recognise the role that knowledge plays in a Total Welding 
Management System. These supporting ETTs may take any 
form, such as a Management System e.g. Occupational Health, 
Safety and Rehabilitation (OHS&R), a publication e.g. WTIA 
Technical Note, a video or a Standard through to software, a 
one-page guidance note or welding procedure.

Clearly, ETTs such as WTIA Technical Notes, various Standards, 
software, videos etc are readily available to industry.

The group of ETTs shown overleaf relate to a general welding 
fabricator/contractor. The ETT group can be tailor-made to suit 
any specific company or industry sector.

A company-specific Knowledge Resource Bank can be made by 
the company omitting or replacing any other ETT or Standard.

Total Welding Management for Industry Sectors
Total Welding Management Systems and the associated 
Knowledge Resource Banks are being developed for specific 
industry sectors, tailored to address the particular issues of 
that industry and to facilitate access to relevant resources. A 
company-specific Total Welding Management System can be 
made by the company adding, omitting or replacing any element 
shown in the left hand column, or ETT or Standard shown in 
the other columns. This approach links in with industry needs 
already identified by existing WTIA SMART Industry Groups 
in the Pipeline, Petrochemical and Power Generation sectors. 
Members of these groups have already highlighted the common 
problem of industry knowledge loss through downsizing, 
outsourcing and privatisation and are looking for ways to address 
this problem.

The concept of industry-specific Total Welding Management 
Systems and Knowledge Resource Banks will be extended 
based on the results of industry needs analyses being currently 
conducted. The resources within the Bank will be expanded 
with the help of Technology Expert Groups including WTIA 
Technical Panels. Information needs will be identified for the 
specific industry sectors, existing resources located either within 
Australia or overseas if otherwise unavailable, and if necessary, 
new resources will be created to satisfy these needs.

How to Access ETTs
Management System ETTs, whether they are the Total Welding 
Management Manual (which includes the Quality Manual), 
OHS&R Managers Handbook, Procedures, Work Instructions, 
Forms and Records or Environmental Improvement System, 
can be accessed and implemented in a variety of ways. They 
can be:
• Purchased as a publication for use by industry. They may

augment existing manuals, targeting the welding operation 
of the company, or they may be implemented from scratch 
by competent personnel employed by the company;

• Accessed as course notes when attending a public
workshop explaining the ETT;

• Accessed as course notes when attending an in-house
workshop explaining the ETT;

• Purchased within a package which includes training and
on-site implementation assistance from qualified WTIA 
personnel;

• Accessed during face-to-face consultation;
• Downloaded from the WTIA website www.wtia.com.au

ETTs created by the WTIA are listed on page 42 of this 
Technical Note. Call the WTIA Welding Hotline on  

1800 620 820 for further information.
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ELEMENTS:

1.  Introduction

2.  References

3.  Management System

4.  Management Responsibilities
(including Risk Management)

5.  Document Control

6.  Production Planning

7.  Contracts

8.  Design

9.  Purchasing (including Sub-Contracting)

10.  Production & Service Operations

11.  Identification and Traceability

12.  Welding Coordination

13.  Production Personnel

14.  Production Equipment

15.  Production Procedures

16.  Welding Consumables

17.  Heat Treatment

18.  Inspection and Testing

19.  Inspection, Measuring and Test Equipment

20.  Non-Conforming Product

21.  Corrective Action

22.  Storage, Packing and Delivery

23.  Company Records

24.  Auditing

25.  Human Resources

26.  Facilities

27.  Marketing

28.  Finance

29.  OHS&R

30.  Environment

31.  Information Technology

32.  Innovation, Research and Development

33.  Security

34.  Legal

AS/NZS ISO 9001
AS/NZS ISO 3834

AS 4360

TOTAL WELDING MANAGEMENT 
SYSTEM MANUAL

ETT: MS01
(Including Welding Quality  

Management System)

TN19 Cost Effective Quality Management

TN6 Control of Lamellar Tearing
TN8 Economic Design of Weldments
TN10 Fracture Mechanics
TN12 Minimising Corrosion
TN13 Stainless Steels for Corrosive 
 Environments
TN14 Design & Construction Steel Bins

AS 4100
AS 1210
BS 7910

TN1 Weldability of Steels
TN2 Successful Welding of Aluminium
TN4 Hardfacing for the Control of Wear
TN5 Flame Cutting of Steels
TN9 Welding Rates in Arc Welding
TN11 Commentary on AS/NZS 1554
TN15 Welding & Fabrication Q&T Steels
TN16 Welding Stainless Steels
TN17 Automation in Arc Welding
TN18 Welding of Castings
TN21 Submerged Arc Welding  
Videos – Welding Parts A & B  
PG02 Welding of Stainless Steel 

TN19 Cost Effective Quality Management

AS/NZS 1554

AS 1988

ISO 14731

TN1 The Weldability of Stee
TN9 Welding Rates in Arc Weldingl
TN19 Cost Effective Quality Management

TN3 Care & Conditioning of Arc Welding  
Consumables

AS 4458

PG01 Weld Defects AS 2812

TN20 Repair of Steel Pipelines AS 2885

TN19 Cost Effective Quality Management

TN7 Health & Safety in Welding
TN22 Welding Electrical Safety  
Fume Minimisation Guidelines  
Video – Fume Assessment

TN23 Environmental Improvement  
Guidelines for Welding

AS 4804

AS/NZS 14001

MS02 OHS&R – Managers Handbook
MS03 OHS&R – Procedures
MS04 OHS&R – Work Instructions
MS05 OHS&R – Forms & Records

MS06 Environmental Improvement MS

ETTs: MANAGEMENT SYSTEMS ETTs: OTHER RESOURCES ETTs: STANDARDS

KNOWLEDGE RESOURCE BANK
i.e. resources for the Total Welding Management System

TOTAL WELDING MANAGEMENT SYSTEM
supported by KNOWLEDGE RESOURCE BANK

Note 1: Examples of ETTs listed are not all-embracing and other ETTs within the global information supply can be added.

Note 2: Dates and titles for the ETTs listed can be obtained from WTIA or SAI
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Future Revisions
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w�ll	be	welcome.
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The	above	defin�t�on	�mpl�es	many	s�gn�ficant	factors,	
however,	one	of	the	most	�mportant	�n	weld�ng	of	steels	
�s	the	adopt�on	of	weld�ng	procedures	wh�ch	w�ll	secure	
�ntegr�ty	�n	the	Heat-Affected	Zone	(HAZ)	to	ensure	that	
the	structure	w�ll	adequately	ach�eve	�ts	�ntended	serv�ce	
performance.

The	use	of	pre-heat	pr�or	to	weld�ng	�s	an	�ndustry	
standard	pract�ce	to	control	the	�ntegr�ty	of	the	HAZ.		Th�s	
document	prov�des	the	gu�del�nes	necessary	to	determ�ne	
the	level	of	pre-heat	requ�red.

The	Techn�cal	Note	�s	a	rev�s�on	of	the	1996	ed�t�on.

Exper�ence	�nd�cates	that	there	�s	a	cont�nu�ng	demand	
from	 �ndustry	 for	up-to-date	pract�cal	gu�dance	on	 the	
weldab�l�ty	of	steels.	Th�s	�s	part�cularly	so	�n	v�ew	of	
the	�ncreased	range	of	steels	now	used	�n	Austral�a	and	
the	new	steels	and	spec�ficat�ons	recently	�ntroduced.	The	
demand	also	ar�ses	from	confl�ct�ng	data	from	a	number	
of	sources,	wh�ch	�nd�cates	the	need	for	soundly	based	
�nformat�on	on	 the	 level	of	pre-heat�ng	requ�red	under	
var�ous	weld�ng	cond�t�ons.

Weldab�l�ty	 �s	 defined	 �n	Austral�an	 Standard	AS	
2812	as	‘The	capac�ty	of	a	metal	to	be	welded,	under	the	
fabr�cat�on	cond�t�on	 �mposed,	 �nto	a	spec�fic,	su�tably	
des�gned	 structure	 and	 to	 perform	 sat�sfactor�ly	 �n	 the	
�ntended	serv�ce.’

C H A P T E R  1

IntroductIon
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Scope

Th�s	 Techn�cal	 Note	 g�ves	 recommendat�ons	 for	 the	
control	of	HAZ	hardness	and	avo�dance	of	cold	crack�ng	
�n	carbon,	carbon-manganese	and	low-alloy	steels.	Cold	
crack�ng	 may	 also	 be	 known	 as	 “Delayed	 Crack�ng”,	
“Hydrogen	Induced	Crack�ng”,	or	“Hydrogen	Ass�sted	
Cold	Crack�ng”.	Th�s	document	prov�des	gu�del�nes	on	
avo�dance	of	cold	crack�ng	and	on	the	weldab�l�ty	and	
pre-heat	requ�rements	of	construct�onal	steels	based	on	
the	follow�ng	factors	(Reference	1):
1)	 Carbon	Equ�valent	of	the	steel	and	�ts	related	Group	

Number;
2)	 Th�ckness	 and	 jo�nt	 type	 of	 the	 weldment	 to	 be	

fabr�cated;
3)	 Weld�ng	 energy	 �nput	 prov�ded	 by	 the	 weld�ng	

process;
4)	 Expected	Hydrogen	content	of	the	weld�ng	process.

The	data	�n	th�s	Techn�cal	Note	�s	appl�cable	to	the	
common	 arc	 weld�ng	 processes	 such	 as	 manual	 metal	
arc	weld�ng	(MMAW),	gas	metal	arc	weld�ng	(GMAW),	
flux	cored	arc	weld�ng	(FCAW),	gas	tungsten	arc	weld�ng	
(GTAW),	and	submerged	arc	weld�ng	(SAW).	Note	that	
w�th	the	use	of	run-on	tabs	and	the	h�gh	energy	�nput	used	
w�th	electroslag	and	electrogas	processes,	preheat�ng	�s	
not	normally	requ�red.

The	 use	 of	 controlled	 weld�ng	 energy	 �nput	 and	
preheat	for	the	control	of	notch	toughness,	jo�nt	strength,	
or	for	the	avo�dance	of	hot	crack�ng,	�s	outs�de	the	scope	
of	th�s	Techn�cal	Note.

The	 level	 of	 pre-heat	 �s	 dependent	 on	 the	 Group	
Number	 of	 the	 steel,	 the	 heat	 �nput	 appl�ed	 dur�ng	
weld�ng,	the	hydrogen	level	�n	the	weld	and	the	degree	
of	restra�nt.

The	Group	Number	 system	 �n	 th�s	Techn�cal	Note	
has	 12	 groups	 arranged	 �n	 0.05%	 Carbon	 Equ�valent	
�ncrements	rang�ng	from	<0.30	to	0.80	and	greater.

For	further	gu�dance	�n	the	weld�ng	of	steels	other	
than	carbon,	carbon-manganese	and	low	alloy	steels,	the	
user	�s	referred	to	the	WTIA’s	Techn�cal	Notes	as	l�sted	
below:

	 (�)	 Weld�ng	 of	 quenched	 and	 tempered	 steels	 -	
Techn�cal	Note	15;

	 (��)	 Weld�ng	of	sta�nless	steels	-	Techn�cal	Note	16;

	(���).	 Weld�ng	of	cast�ngs	-	Techn�cal	Note	18.

For	all	other	steels,	the	user	�s	adv�sed	to	contact	the	
WTIA	for	adv�ce	on	weld�ng	and	weldab�l�ty.

C H A P T E R  2
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confIdence In preheat recommendatIonS

The	preheat	recommendat�ons	�n	th�s	Techn�cal	Note	for	
avo�dance	of	cold	crack�ng	are	based	on:

1.	 Carbon	Equ�valent	(CE)	of	weldable	construct�onal	
steels;

2.	 Cons�derat�on	 of	 heat	 loss	 rate	 v�a	 equ�valent	 jo�nt	
th�ckness;

3.	 Weld�ng	Heat	Input	(kJ/mm);

4.	 Hydrogen	potent�al	of	process	and	consumables;	

5.	 Controlled	Thermal	Sever�ty	test	(CTS)	data	(Refer	
BS	7363	for	gu�dance);

6.	 HAZ	 hardness	 correlat�ons	 w�th	 cold	 crack�ng	
suscept�b�l�ty;	and,

7.	 Extens�ve	serv�ce	exper�ence.

Although	the	preheat	recommendat�ons	can	be	used	
w�th	a	h�gh	level	of	confidence,	 they	cannot	guarantee	
that	crack�ng	w�ll	never	occur.

The	 preheat	 and	 weldab�l�ty	 recommendat�ons	
prov�ded	do	not	over-r�de	the	obl�gat�on	to	demonstrate	
su�tab�l�ty	 of	 weld�ng	 procedures	 through	 the	 use	
of	 procedure	 qual�ficat�on	 tests	 as	 prescr�bed	 by	 the	
appl�cable	 fabr�cat�on	 standards.	Add�t�onally,	 �t	 �s	
assumed	weld�ng	�s	performed	by	competent	welders	e.g	
capable	of	comply�ng	w�th	the	m�n�mum	requ�rements	of	
AS/NZS	1554.1	Sect�on	4.11.2	Welder	Qual�ficat�ons.

Readers	 fam�l�ar	 w�th	 the	 concepts	 of	 Group	
Number	 (Sect�on	 4),	 comb�ned	 th�ckness	 (Sect�on	 5),	
weld�ng	energy	�nput	(Sect�on	6),	hydrogen	content	of	
welds	(Sect�on	7),	preheat	requ�rements	(Sect�on	8)	and	
assoc�ated	l�m�tat�ons,	can	proceed	d�rectly	to	Sect�on	9	
of	 th�s	Techn�cal	Note	 for	 �nstruct�ons	on	determ�n�ng	
preheat	and/or	m�n�mum	weld�ng	energy	�nput.

H�stor�cally	the	need	for	preheat	dur�ng	the	weld�ng	
of	ferr�t�c	steels	has	been	d�ctated	by	the	suscept�b�l�ty	
of	 the	Heat	Affected	Zone	 (HAZ)	 to	 cold	 crack�ng.	 It	
was	 assumed	 that	 procedures	 that	 prov�ded	 freedom	
from	 HAZ	 cold	 crack�ng	 also	 prov�ded	 freedom	 from	
cold	crack�ng	�n	the	weld	metal.	Consequently,	current	

weld�ng	Standards	and	WTIA	Techn�cal	Note	1	are	based	
ent�rely	on	the	avo�dance	of	HAZ	crack�ng	and	do	not	
prov�de	gu�dance	for	the	avo�dance	of	cold	crack�ng	�n	
the	weld	metal.	

Recent	advances	�n	the	product�on	of	‘clean’	lower	
carbon	equ�valent	 steels	have	 reduced	 the	 r�sk	of	 cold	
crack�ng	 �n	 the	 HAZ,	 and	 �n	 some	 �nstances,	 weld	
metal	cold	crack�ng	�s	more	l�kely	than	HAZ	crack�ng.	
Moreover,	�t	�s	becom�ng	apparent	that	some	measures	
that	reduce	the	r�sk	of	HAZ	crack�ng,	such	as	h�gh	heat	
�nput,	 can	 �ncrease	 the	 r�sk	 of	 weld	 metal	 crack�ng,	
espec�ally	when	weld�ng	h�ghly	restra�ned	th�ck	sect�on	
(greater	than	20	mm)	structures.

Wh�lst	there	�s	a	cons�derable	research	effort	under	
way	 �nvest�gat�ng	 th�s	 problem,	 the	 prevent�on	 and	
control	mechan�sms	for	weld	metal	crack�ng	are	yet	to	be	
quant�fied.	Typ�cally,	weld	metal	crack�ng	�s	transverse	to	
the	weld	d�rect�on	and	can	be	e�ther	sub-surface	or	surface	
break�ng.	 Detect�on	 us�ng	 convent�onal	 rad�ograph�c	
and	 ultrason�c	 techn�ques	 �s	 somet�mes	 d�fficult	 and	
unrel�able.	To	 detect	 such	 cracks	 ultrason�cally,	 �t	 �s	
necessary	to	remove	the	weld	re�nforcement	to	prov�de	a	
flat	surface	for	probe	engagement	and	allow	the	ultrason�c	
beam	 to	 reflect	 from	 the	 planar	 �mperfect�ons	 lay�ng	
transverse	to	the	d�rect�on	of	weld�ng.

In	compar�son	w�th	manual	metal	arc	weld�ng,	the	flux	
cored	arc	weld�ng	process	has	an	add�t�onal	set	of	weld�ng	
parameters	that	 �nfluence	the	final	weldment	hydrogen	
content	 (Reference	2).	These	 �nclude	weld�ng	voltage,	
contact	t�p	to	work	d�stance,	w�re	feed	speed	(current),	
polar�ty	and	the	sh�eld�ng	gases	used.	The�r	�nteract�ons	
are	complex	and	the	mechan�sm	of	the	cold	crack�ng	that	
may	result	�s	yet	to	be	fully	determ�ned.	Reduced	contact	
t�p	work�ng	d�stance	and	�ncreased	weld�ng	current	reduce	
the	 t�me	 the	 w�re	 spends	 �n	 the	 res�st�ve	 heat�ng	 zone	
thereby	�ncreas�ng	the	final	weld	metal	hydrogen	content	
and	�ncreas�ng	the	r�sk	of	crack�ng.

L�kew�se,	�t	�s	known	that	�n	add�t�on	to	atmospher�c	
cond�t�ons	 (Reference	 3),	 surface	 contam�nants	 (see	
Chapter	7	of	th�s	Techn�cal	Note),	remnant	lubr�cants	on	

C H A P T E R  3
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w�re	from	the	manufactur�ng	process,	and	res�due	from	
spatter	release	flu�ds	(Reference	4),	decompose	�n	the	arc	
and	ra�se	the	weld	metal	hydrogen	levels,	even	when	us�ng	
very	low	hydrogen	(H5)	weld�ng	consumables.

Cold	crack�ng	typ�cally	occurs	w�th�n	24	to	48	hours	
of	 the	 complet�on	 of	 weld�ng	 (Reference	 5),	 but	 may	

occur	many	days	after	the	weld	has	been	completed	(one	
recent	�nc�dent	�n	h�gh	strength	weld	metal	occurred	30	
days	after	weld�ng).	The	m�n�mum	t�me	delay	requ�red	
pr�or	to	final	non-destruct�ve	exam�nat�on	be�ng	carr�ed	
out	after	complet�on	of	weld�ng	should	therefore	be	g�ven	
appropr�ate	cons�derat�on.

C H A P T E R  3
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Group number determInatIon  
and relatIve WeldabIlIty

The	Group	Number	concept	for	steels	�s	based	on	a	grad�ng	
der�ved	from	the	steels	chem�cal	compos�t�on	It	has	been	
�ntroduced	for	the	�dent�ficat�on	of	the	relat�ve	weldab�l�ty	
of	steels	normally	used	by	Austral�an	Industry.

The	 Group	 Number	 system	 used	 �s	 presented	 �n	
Table	4.1,	and	�s	based	on	the	Carbon	Equ�valent	(CE)	
calculated	 from	 the	 Internat�onal	 Inst�tute	 of	Weld�ng	
(IIW)	formula:

CEQ	=	C	+	Mn	+	Cr+Mo+V	+	N�+Cu	
	 6	 5	 15

The	 IIW	 formula	 does	 not	 �nclude	 e�ther	 Sulphur	
or	Boron.	These	elements	are	d�scussed	�n	Append�x	C.	
As	the	CE	�ncreases,	the	relat�ve	weldab�l�ty	decreases,	
�nvok�ng	 the	 recommendat�on	 for	 use	 of	 hydrogen	
controlled	weld�ng	processes	through	to	post	weld	stress	
rel�ef,	 and	 assoc�ated	 removal	 of	 d�ffus�ble	 hydrogen	
from	weld	zones.

Table �.1 relationship Between Carbon Equivalent and 
Group Number and Weldability

Carbon Equivalent Group Number Weldability *

below 0.30  1 O
0.30 to below 0.35  2 O
0.35 to below 0.40  3 O
0.40 to below 0.45  4 H/O
0.45 to below 0.50  5 H/O
0.50 to below 0.55  6 H
0.55 to below 0.60  7 H
0.60 to below 0.65  8 HSCSR
0.65 to below 0.70  9 HSCSR
0.70 to below 0.75 10 HSCSR
0.75 to below 0.80 11 HSCSR

0.80 and above 12 NR

The	allocat�on	of	Group	Number	to	a	steel	�s	descr�bed	
�n	Table	4.2	next	page.	

* Key to weldability

O – Any electrode type or welding process is satisfactory.

H/O – Hydrogen controlled electrodes or semi-automatic 
processes are recommended, but rutile or other 
electrodes maybe used.

H – Hydrogen controlled electrodes or semi-automatic or 
automatic processes are essential for good welding.

SC – Slow cooling from welding or preheat temperature is 
recommended.

SR – Postweld heat treatment (stress relief) is suggested 
for high quality work, particularly where severe 
service conditions apply to the component.

NR – Welding is generally not recommended.
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Table 4.2  Allocation Group Number for Steel

Situation Allocation

1 Standard steel of known Specification. Heat or 
Product Analysis may not be known.

Refer to Table 9.1 for the Group Number

2 Steel (listed in Table 9.1) of known heat analysis. Calculate the CEQ and add 0.01 to the value, then select the 
Group Number from Table 4.1.

3 Product Analysis known for the steel and 
composition within the range of Table 9.1.

Calculate the CEQ and add 0.02 to the value and then select 
the Group Number from Table 4.1.

4 Steel of known heat analysis but specification not 
listed in Table 9.1.

Calculate CEQ and add 0.02 to the value, then select the 
Group Number from Table 4.1.

5 Steel to a Specification not listed in Table 9.1, but 
within the composition range covered by the Table. 
Specific heat / product analysis unknown.
 
a) C, C-Mn, or C-Mn-Microalloy 

b) Low alloy steel

a) Calculate CEQ based on maximum specification limits, 
  then obtain the Group Number from Table 4.1.
 
b) Calculate CEQ based on maximum specification limits,  
  and then use 0.85 of this value to obtain the Group  
  Number from Table 4.1.

Note: 1. The product analysis method is only valid for analyses determined using precision laboratory methods operating in tightly 
controlled calibrated circumstances. The usage and suitability of the statistically based safety factor given for analysis 
variation (0.02) has not been established for analyses determined using portable spectrographic equipment.

 2. The suitability of using the heat analyses and product analyses methods for preheat determination has not been 
established for castings. Reference should be made to WTIA Technical Note 18 for preheat determination.

C H A P T E R  4
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combIned thIckneSS

The	concept	of	comb�ned	th�ckness	�s	requ�red	to	address	
the	cool�ng	rate,	caused	by	the	abutt�ng	or	mat�ng	sect�ons	
form�ng	a	weld	jo�nt.	The	comb�ned	th�ckness	�s	shown	
for	a	range	of	jo�nts	�n	F�gure	5.1	and	calculated	us�ng	
the	formula:

	TC	=	t1+	t2+	t3+	t4
Parts	to	be	jo�ned	wh�ch	are	less	than	75	mm	w�de,	

have	 a	 l�m�ted	 heat	 capac�ty.	 The	 use	 of	 the�r	 full	
th�ckness	�n	determ�n�ng	comb�ned	th�ckness	may	lead	
to	the	calculat�on	of	unnecessar�ly	h�gh	preheat.	A	more	
appropr�ate	est�mat�on	of	effect�ve	comb�ned	th�ckness	
may	be	made	by	assum�ng	that	the	part	less	than	75	mm	
w�de	 �s	 replaced	 by	 a	 plate	 75	 mm	 w�de	 of	 the	 same	
cross-sect�on	as	shown	�n	F�gure	5.2	below.	The	formula	
to	calculate	the	effect�ve	th�ckness	�s:

	 TE	=	 W	x	t
	 	 75

Where

W	�s	the	w�dth	of	the	part	(less	than	75mm)

t	�s	the	actual	th�ckness	of	the	part.

TE	�s	the	effect�ve	th�ckness	for	calculat�on	purposes

For	example:

Figure �.2 – Effective combined thickness.

When	 bars	 or	 rod	 sect�ons	 are	 welded,	 often	 the�r	
w�dths	 or	 d�ameters	 are	 less	 than	 75	 mm,	 and	 an	
appropr�ate	method	for	calculat�ng	equ�valent	th�ckness	
�s	 to	 equate	 the	 areas	 to	 a	 rectangular	 sect�on	 w�th	 a	
w�dth	of	75	mm.	The	formula	to	convert	a	round	sect�on	
of	d�ameter	d	(�n	mm)	to	an	effect�ve	th�ckness,	TE,	�s	
TE=0.01d2	wh�ch	�s	der�ved	by:

TE	=		p	x	d2

	 4	x	75

75 mm

t3 x 75 mm = t2 x W

t2

t1

W

Effective combined thickness equals t1 + t2 +
 W x t2

 75

For welds between t1 and t2/t3, 
ignore t4 unless it is already 
welded to t2/t3.

For welds between t3 and t2, 
ignore t1 unless it is already 
welded to t2.

t1 = average thickness over 75 mm

75 mm

t1 t1

t1

t1 t1

t1

t2

t2

t2

t2

t2

t2

t3

t3

t3

t4

Figure �.1 – Calculation of combined thickness.
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For	 welded	 jo�nts	 us�ng	 permanent	 back�ng	 bars,	
an	adjustment	 �n	Comb�ned	Th�ckness	 �s	not	normally	
cons�dered	necessary	as	the	relat�ve	s�ze	of	the	back�ng	bar	
�s	very	small	and	thus	has	m�n�mal	affect	on	cool�ng	rates.	
If	the	s�ze	of	the	back�ng	bar	�s	cons�dered	s�gn�ficant,	
the	 techn�que	 shown	 �n	 F�gure	 2	 can	 be	 used	 to	 g�ve	
an	 effect�ve	 th�ckness	 wh�ch	 �s	 then	 �ncluded	 when	
calculat�ng	the	comb�ned	th�ckness.

To	calculate	the	comb�ned	th�ckness,	the	number	of	
heat	paths	that	w�ll	effect	the	weld	cool�ng	rate	need	to	
be	determ�ned.	(see	D�agram	1)	

Next	 add	 the	 var�ous	 part	 th�cknesses	 or	 effect�ve	
th�cknesses	 to	 obta�n	 the	 comb�ned	 th�ckness.	 For	
example,	for	a	butt	weld	�n	equal	th�ckness	plates	would	
have	 a	 comb�ned	 th�ckness	 of	 2t	 (�.e.	 tw�ce	 the	 plate	

th�ckness)	and	for	a	fillet	weld	�n	equal	sect�on	plates	the	
comb�ned	th�ckness	�s	equ�valent	to	3t.

restraint

The	level	of	restra�nt	prov�ded	for	�n	these	recommendat�ons	
�s	moderate.	For	jo�nts	w�th	h�gh	restra�nt,	e.g.	jo�nts	�n	
short,	th�ck,	(and	hence	r�g�d)	components,	an	�ncrease	
up	 to	 50°C	 over	 the	 calculated	 preheat	 temperature	 �s	
adv�sable.

Fit-Up

Jo�nt	gap	tolerances	are	spec�fied	�n	AS/NZS	1554.	Where	
the	gap	between	parts	to	be	welded	�s	very	small,	e.g.	as	
�n	close-fitt�ng	small	mach�ned	parts,	some	relaxat�on	of	
preheat	temperature	may	be	allowable.	
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For	electr�c	arc	weld�ng,	the	weld�ng	energy	�nput	�s	based	
on	the	follow�ng	formula:

Q	=	I	x	E	x		 60	
	 s	 1000

Where	 Q	=	weld�ng	energy	�nput,	kJ	/	mm

	 E	=	arc	voltage,	V	(RMS	value	for	a.c.)

	 I	 =	 weld�ng	 current,	A	 (RMS	 value	 for	 a.c.)

	 s	=	weld�ng	speed,	mm/m�n

Arc	voltage	and	weld�ng	current	can	often	be	read	off	
the	weld�ng	mach�ne	dur�ng	weld�ng.	External	voltmeters	
and	ammeters	spec�fically	for	measur�ng	weld�ng	outputs	

can	 also	 be	 used.	Travel	 speed	 �s	 generally	 measured	
d�rectly	by	measur�ng	the	length	of	weld	depos�ted	over	
a	g�ven	t�me.

F�gures	D1	and	D2	�n	Append�x	D	are	nomographs	
to	fac�l�tate	calculat�on,	part�cularly	for	sem�-automat�c	
and	automat�c	processes.	F�gures	D3	to	D6	�n	Append�x	D	
translate	th�s	formula	�nto	more	pract�cal	terms	for	manual	
arc	weld�ng,	us�ng	the	results	of	extens�ve	�nvest�gat�ons	
(Reference	4).

The	effic�ency	of	heat	transfer	from	the	weld�ng	arc	to	
the	weld	jo�nt	�s	cons�dered	on	the	bas�s	of	s�m�lar	welds	
made	by	the	manual	metal	arc	process.
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Hydrogen Controlled Consumables and 
Low Hydrogen Welding Processes 
Hydrogen	controlled	consumables	produce	less	than	15	
mL/100g	of	d�ffus�ble	hydrogen	(HD)	�n	the	weld	metal.	
For	 the	purpose	of	 th�s	Techn�cal	Note,	 the	controlled	
hydrogen	processes	�nclude:

1.	 Manual	Metal	Arc	Weld�ng	(MMAW)	us�ng	EXX15,	
EXX16,	 EXX18,	 EXX28	 and	 EXX48	 electrodes	
hav�ng	typ�cally	HD	5-15mL	/100g	of	depos�ted	weld	
metal;

2.	 Gas	Tungsten	Arc	Weld�ng	(GTAW)	hav�ng	typ�cally	
HD	<	1	mL/100g	of	weld	metal;	

3.	 Gas	Metal	Arc	Weld�ng	(GMAW)	hav�ng	typ�cally	HD	
<	3	mL/100g	of	depos�ted	weld	metal;

4.	 Flux	Cored	Arc	Weld�ng	(FCAW)	gas	sh�elded	us�ng	
seamless	cored	w�re	electrodes	hav�ng	 typ�cally	<5	
mL/100g	of	depos�ted	weld	metal;	

5.	 FCAW	gas	sh�elded	us�ng	metal	cored	w�res	hav�ng	
typ�cally	 HD	 5	 –	 10	 mL/100g	 of	 depos�ted	 weld	
metal;

6.	 FCAW	 gas	 sh�elded	 us�ng	 seamed	 cored	 w�re	
electrodes	 hav�ng	 typ�cally	 HD	5	 –	 15	 mL/100g	 of	
depos�ted	weld	metal;	

7.	 FCAW	 self	 sh�elded	 us�ng	 seamed	 cored	 w�re	
electrodes	has	hydrogen	potent�al	typ�cally	HD	6-15	
mL/100g	of	depos�ed	weld	metal;	

8.	 Submerged	Arc	Weld�ng	 (SAW)	 typ�cally	 HD	 3-8	
mL/100g	of	depos�ted	weld	metal	prov�ded	new	dry	
flux	�s	used.

Data	for	weld�ng	w�th	hydrogen	controlled	flux	coated	
or	 cored	 consumables	 �nclude	 some	allowance	 for	 the	
presence	of	a	l�m�ted	mo�sture	content,	as	�t	�s	cons�dered	

that	full	dry�ng	of	fluxes	to	very	low	mo�sture	levels	�s	
not	always	ach�evable.	Consumables	for	sem�-automat�c	
and	automat�c	processes	are	assumed	to	be	used	str�ctly	
�n	accordance	w�th	the	manufacturers’	recommendat�ons.	
Also,	 all	 weld�ng	 must	 be	 carr�ed	 out	 on	 clean,	 dry	
work,	free	from	o�l	or	other	substances	hav�ng	hydrogen	
generat�on	 potent�al.	 For	 further	 �nformat�on	 refer	 to	
the	 latest	 ed�t�on	 of	WTIA	 Techn�cal	 Note	 3	 “Care	
and	 Cond�t�on�ng	 of	Arc	Weld�ng	 Consumables”	 and	
Append�x	B.

Non Hydrogen Controlled 
Consumables & Welding
MMAW	 us�ng	 EXX10,	 EXX11,	 EXX12,	 EXX13	 and	
EXX24	 electrodes	 are	 cons�dered	 to	 be	 non	 hydrogen	
controlled.	 In	 fact,	 cellulos�c	 electrodes	 (EXX10	 and	
EXX11)	 generate	 cop�ous	 quant�t�es	 of	 hydrogen	 to	
produce	the	arc	character�st�c	for	root	pass	weld�ng	of	
p�pe	jo�nts.

Also	 hydrogen	 controlled	 consumables	 that	 have	
not	 been	 stored,	 dr�ed	 or	 used	 �n	 accordance	 w�th	
manufactures’	recommendat�ons	or	any	weld�ng	process	
carr�ed	 out	 us�ng	 contam�nated	 consumables	 or	 on	
mater�als	contam�nated	w�th	o�l,	grease,	water	or	other	
hydrocarbon	conta�n�ng	substances	can	result	 �n	a	loss	
of	hydrogen	control.

Anti-Spatter materials 
Ant�-spatter	sprays	and	l�qu�ds	must	be	used	w�th	part�cular	
care	so	as	to	avo�d	contam�nat�ng	any	area	�n	or	near	the	
weld	zone.	Such	contam�nat�on	w�ll	 �ncrease	 the	weld	
metal	hydrogen	 level,	wh�ch	may	then	g�ve	r�se	 to	 the	
occurrence	 of	 HAZ	 cold	 crack�ng	 and	 other	 weld�ng	
defects	(Reference	5).	
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preheat and poStheat requIrementS

Preheat Temperature
Preheat	�s	the	temperature	of	the	jo�nt	just	pr�or	to	be�ng	
welded.	Th�s	 temperature	must	extend	over	a	d�stance	
at	 least	equal	to	the	th�ckness	of	each	part	at	 the	weld	
but	not	 less	 than	75	mm	both	laterally	and	�n	advance	
of	 the	 weld�ng	 of	 each	 run.	The	 preheat	 temperatures	
recommended	�n	th�s	Techn�cal	Note	are	m�n�mum	values,	
but	 recommended	 preheat	 temperatures	 should	 not	 be	
greatly	exceeded	as	th�s	unnecessar�ly	�ncreases	cost	and	
often	results	�n	excess�ve	d�stort�on.

AS/NZS	1554.1	recommends	that	preheat	temperature	
be	ma�nta�ned	for	the	durat�on	of	weld�ng,	although	�n	
certa�n	 c�rcumstances	 �t	 may	 be	 acceptable	 for	 the	
weldment	to	be	reheated	to	preheat	temperature	pr�or	to	
recommencement	of	weld�ng	after	a	prolonged	break.	

Preheat	 temperatures	 are	 actual	 weldment	 temper-
atures,	 not	 �ncreases	 or	 d�fferent�als	 above	 amb�ent	
temperature.

Interpass Temperature
In	 mult�pass	 weld�ng,	 the	 �nterpass	 temperature	 may	
substant�ally	 exceed	 the	 preheat	 temperature	 where	
allowed	 by	 the	 appl�cat�on	 standard.	 The	 Weld�ng	
Procedure	 Spec�ficat�on	 should	 prov�de	 gu�dance	 on	
l�m�t�ng	 the	 �nterpass	 temperature,	 and	 the	 weld�ng	
operator	may	need	to	stagger	the	weld�ng	passes	to	allow	
the	workp�ece	temperature	to	reduce	to	a	value	between	
the	 preheat	 temperature	 and	 the	 max�mum	 �nterpass	
temperature.

Preheat for Welding in Low Ambient 
Temperature Environment
When	the	amb�ent	temperature	or	parent	metal	temperature	
�s	below	0°C,	the	parent	metal	should	be	preheated	to	at	
least	25°C	and	ma�nta�ned	at	or	above	th�s	temperature	
dur�ng	 weld�ng.	W�th	 oxygen	 -fuel	 gas	 or	 a�r-propane	
flame	preheat�ng,	a	h�gher	m�n�mum	preheat	temperature	
�s	 necessary	 (typ�cally	 60°C)	 to	 ensure	 water	 vapour	
condensat�on	�s	avo�ded.	

measurement of Preheat Temperature
Preheat	 temperature	 should	 be	 measured	 by	 e�ther	
temperature	�nd�cat�ng	crayons,	a	contact	thermometer,	
thermocouple	probe	or	other	accurate	means,	�mmed�ately	
pr�or	 to	commencement	of	weld�ng.	Before	measur�ng	
the	temperature	of	any	surface	be�ng	d�rectly	heated,	the	
heat	 source	 should	 be	 removed	 to	 allow	 equal�s�ng	 of	
temperature,	�.e.	1	m�n	for	each	25	mm	th�ckness	of	the	
part.	Temperature	�nd�cat�ng	crayons	must	not	be	appl�ed	
to	jo�nt	surfaces	to	be	part	of	the	weld	jo�nt.	Gu�dance	
on	the	measurement	of	preheat	�s	now	ava�lable	v�a	the	
Standard	AS	ISO	13916	(Reference	6).

Preheating methods
Preheat�ng	 may	 be	 carr�ed	 out	 us�ng	 gas	 burners	 or	
torches,	 electr�c	 elements,	 �nduct�on	 elements,	 electr�c	
ovens,	or	other	approved	methods,	prov�ded	they	g�ve	a	
sat�sfactory	temperature	d�str�but�on	and	do	not	�nterfere	
w�th	weld�ng	operat�ons.	It	�s	recommended	that,	where	
poss�ble,	heat�ng	be	appl�ed	to	the	back	of	the	surfaces	
to	be	welded	to	ensure	adequate	and	reasonably	un�form	
temperature,	as	shown	�n	F�gure	8.1.

Figure �.1 Flame preheating to ensure through-thickness 
heating 

Measure the temperatures here
(Opposite face to flame)

75mm

75mm
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Standardised Preheat 

Where	a	number	of	jo�nts	of	much	the	same	th�ckness	and	
mater�al	are	made,	a	standard	or	“blanket”	preheat	may	
be	adopted	for	ease	of	appl�cat�on	and	control.

Uniform and Local Preheat

The	recommendat�ons	�n	th�s	Techn�cal	Note	assume	that	
preheat	�s	reasonably	un�form,	�e:	temperature	grad�ents	are	
small	and	thermal	stresses	�nduced	�n	the	jo�nt	on	cool�ng	
are	small.	Th�s	occurs	where	the	whole	component,	or	a	
complete	band	around	the	component	and	�ncorporat�ng	
the	jo�nt,	�s	heated,	e.g.	for	a	butt	weld	�n	a	column,	the	
whole	sect�on	around	the	jo�nt	�s	preheated.	Where	the	
preheat	 �s	 appl�ed	 locally,	 e.g.	 to	one	flange	only	of	 a	
column	or	beam,	some	�ncrease	�n	preheat	temperature	
may	be	needed	to	counteract	any	contract�on	stresses	on	
cool�ng.

C H A P T E R  8

Cooling after welding 
Cool�ng	 to	amb�ent	after	weld�ng	 �s	completed	should	
be	reasonably	slow	and	un�form,	comparable	w�th	that	
obta�ned	under	normal	shop	cond�t�ons.	Where	cool�ng	
would	be	accelerated	by	weather	cond�t�ons	or	locat�on	
etc.,	for	example	on	the	back	of	a	plate,	su�table	allowances	
should	 be	 made	 by	 �ncreased	 heat	 �nput,	 by	 h�gher	
preheat�ng	 or	 by	 weather	 protect�on	 or	 blanket�ng	 the	
weldment	to	reduce	cool�ng	rates	�n	spec�al	c�rcumstances	
�nsulat�on	maybe	useful	�n	reduc�ng	the	normal	cool�ng	
rate.

Post-heating 
Ma�ntenance	of	preheat	temperatures	after	weld�ng	where	
�nd�cated	�n	Table	3,	or	between	runs,	w�ll	further	reduce	
the	r�sk	of	HAZ	crack�ng,	because	d�ffus�ble	hydrogen	
can	more	read�ly	escape	from	the	weld	reg�on.	In	spec�al	
cases	�t	may	be	necessary	to	ma�nta�n	preheat	temperatures	
unt�l	all	weld�ng	�s	completed	and	post	weld	heat	treatment	
(stress	rel�ef)	�s	�n�t�ated.
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procedure for determInInG preheat and 
mInImum WeldInG enerGy Input

�.1 General Procedure

To	find	the	weld�ng	energy	�nput	or	the	preheat	temperature	
requ�red	for	use	w�th	a	part�cular	weld�ng	process	on	a	
part�cular	steel	weldment,	the	steps	g�ven	below	need	to	
be	followed.	

It	�s	�mportant	to	note	that	tack	welds,	whether	they	
are	to	be	ult�mately	�ncorporated	�n	the	weld	or	not,	must	
be	regarded	�n	the	same	manner	as	product�on	welds.	A	
h�gher	energy	�nput	or	preheat	may	be	requ�red	for	short	
tack	welds	to	compensate	for	the	accelerated	cool�ng	rate	
assoc�ated	w�th	short	runs	on	heavy	weldments.	

Where	 the	 steel	 to	 be	 welded	 �s	 l�ne	 p�pe	 steel,	
Chapter	 10	 should	 be	 cons�dered	 �n	 conjunct�on	 w�th	
th�s	Sect�on.
Step 1:	 From	Table	9.1,	find	the	Group Number	for	the	

steel	grade	or	compos�t�on.	For	jo�nts	conta�n�ng	
d�fferent	steels,	use	the	h�gher	Group	Number.	
For	steels	not	l�sted	�n	Table	9.1	see	Chapter	4.

Step 2:	 Us�ng	 F�gure	 5.1	 �n	 Chapter	 5,	 calculate	 the	
Combined Thickness	of	the	jo�nt.

Step 3:	 From	F�gure	9.1,	find	the	closest	curve	to	the	�n-
tersect�on	of	Combined Thickness	and	Group 
Number.	Th�s	curve	des�gnates	the	Joint Weld-
ability Index	letter	(A	–	L).

Combined Thickness TC

AS 3678
Grade 350

AS 3678
Grade 250

Group 
number

Joint
weldability
index

12

11

10

9

8

7

6

5

4

3

2
0 10 20 30 40 50 60 70 80 90 100 110 120 and over

Figure �.1 Determination of preheat requirements for hydrogen controlled consumables and proces
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Step 4:	 Us�ng	the	�nformat�on	on	process	operat�ng	con-
d�t�ons	(current,	voltage	and	weld�ng	speed)	�n	
the	Welding Procedure Specification,	calculate	
the	nom�nal	Welding Energy Input	us�ng	the	
formula	�n	Chapter	6.

Step 5:	 From	 F�gure	 9.2,	 for	 hydrogen	 controlled	
processes,	 or	 from	 F�gure	 9.3,	 for	 other	 than	
hydrogen	 controlled	 processes,	 and	 us�ng	 the	

curve	bear�ng	the	same	Joint Weldability Index	
letter	found	from	Step	3,	read	off	the	Preheat 
Temperature	 for	 the	Welding Energy Input	
as	determ�ned	�n	Step	4.

Step 6:	 Pract�cal	weld�ng	var�ables	can	be	selected	for	
a	more	product�ve	Welding Energy Input	 to	
m�n�m�se	or	el�m�nate	the	need	for	Preheat.

C H A P T E R  9

Joint
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Figure �.2 Determination of preheat requirements for hydrogen controlled consumables and processes.



W T I A  –  T E C H N I C A L  N O T E  1 P A G E  1 �  

return to contents next page

C H A P T E R  9

Joint
weldability
index

Welding energy input kilojoule / mm of deposit

P
re

h
ea

t 
te

m
p

er
at

u
re

 °
C

250

200

150

100

50

0 1 2 3 4

Figure �.� Determination of preheat requirements for non-hydrogen controlled consumables and processes.
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preheat determInatIon for WeldInG  
lIne-pIpe SteelS WIth e4110 and  

e4111 electrodeS

In	 the	 field	 of	 p�pel�ne	 weld�ng,	 spec�al	 gu�dance	 for	
avo�dance	of	HAZ	crack�ng	adjacent	 to	g�rth	welds	 �s	
necessary	because	of	the	low	arc	energy	and	more	severe	
field	 cond�t�ons	 of	 stovep�pe	 weld�ng	 w�th	 cellulose	
electrodes,	 wh�ch	 generate	 a	 hydrogen	 atmosphere	 to	
produce	the	forceful	arc	requ�red	for	keyhole	weld�ng	of	
the	root	pass	dur�ng	one-s�de	g�rth	weld�ng.	Furthermore,	
recent	 developments	 �n	 p�pe	 steels	 have	 led	 to	 the	
product�on	of	much	lower	carbon	equ�valent	steels	than	
the	construct�onal	steels	on	wh�ch	the	recommendat�ons	
of	th�s	Techn�cal	Note	are	based.

Th�s	Chapter	of	the	Techn�cal	Note	has	been	prepared	
to	 take	 these	 matters	 �nto	 cons�derat�on	 so	 as	 to	 g�ve	
gu�dance	�n	c�rcumstances	where:

a)	 amb�ent	temperatures	are	below	25°C;

b)	 p�pe	wall	th�cknesses	are	less	than	25	mm;

c)	 chem�cal	compos�t�on	 l�m�ts	 (or	carbon	equ�valent)	
of	the	mater�al	be�ng	fabr�cated	are	known.

The	gu�dance	�s	expressed	�n	the	form	of	a	max�mum	
p�pe	wall	not	requ�r�ng	preheat	for	butt	welds	between	
p�pes	of	equal	th�ckness	us�ng	E4110	or	E4111	electrodes.	
The	use	of	h�gher	strength	cellulos�c	electrodes	(E48XX,	
E55XX	and	E62XX)	�s	not	covered	by	th�s	Chapter.

Step	1:	 Calculate	 the	 Carbon	 Equ�valent	 us�ng	 the	
method	g�ven	�n	Table	2	(Case	2)	�n	Chapter	4.

Step	2:	 Refers	 to	Table	4	 to	determ�ne	 the	max�mum	
p�pe-wall	not	requ�r�ng	preheat	for	the	m�n�mum	
amb�ent	 temperatures	 and	 arc	 energy	 under	
cons�derat�on.

If	the	Table	�nd�cates	that	preheat	should	be	appl�ed,	
the	 p�pe	 should	 be	 heated	 to	 25°C	 m�n�mum	 except	
when	 the	 ex�st�ng	 method	 g�ven	 �n	 Chapter	 9	 of	 th�s	
Note	�nd�cates	a	h�gher	preheat	�s	requ�red.	In	the	latter	
case,	the	appropr�ate	preheat	from	Chapter	9	Steps	1	to	
6	should	be	employed.

Add�t�onally,	avo�dance	of	weld	metal	cold	crack�ng	
may	requ�re	add�t�onal	preheat.

Controlled multi-run Welding
Controlled	mult�-run	weld�ng	�s	the	bas�s	of	weld�ng	

of	h�gh	strength	gas	transm�ss�on	p�p�ng	w�th	cellulose	
electrodes.	 Close	 control	 on	 weld�ng	 sequences	 and	
t�m�ng	of	mult�-run	welds	can	 lead	 to	h�gher	 �nter-run	
temperatures	and	reduced	cool�ng	rates.	Th�s	�s	normally	
appl�cable	 to	 short	 runs	 of	 welds	 as	 �n	 parts	 of	 small	
w�dths	 or	 �n	 block	 weld�ng	 techn�ques;	 relaxat�on	 �n	
weld�ng	preheat	by	th�s	means	�s	not	recommended	for	
sect�ons	over	50	mm	th�ck	or	where	close	control	cannot	
be	ma�nta�ned.
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relaxatIon of recommendatIonS

Exper�ence	w�th	part�cular	mater�als,	weld�ng	processes	and	jo�nt	deta�ls	may	�nd�cate	that	some	relaxat�on	can	be	
perm�tted	on	energy	�nput	and	preheat	recommendat�ons	der�ved	from	F�gures	9.1,	9.2	and	9.3.	Where	any	relaxat�on	
�s	 contemplated	 from	 these	 recommendat�ons,	 they	 should	 be	 supported	 e�ther	 by	 documented	 exper�ence	 or	 by	
su�table	test�ng.	Test�ng	�s	also	recommended	where	weld�ng	cond�t�ons	d�ffer	cons�derably	from	those	on	wh�ch	the	
data	are	based.
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appendIx a

Basis of recommendations
A.1	 In	order	to	fac�l�tate	correlat�on	of	weld�ng	data,	use	

has	been	made	of	the	parameter,	“Cool�ng	Rate	at	
300°C”.

A.2	 The	cool�ng	rate	at	300°C	has	been	selected	to	avo�d	
the	onset	of	HAZ	cold	crack�ng	wh�le	at	the	same	
t�me	prov�d�ng	some	l�m�tat�on	on	the	max�mum	
HAZ	hardness	ach�eved.

A.3	 Pract�ce	 has	 shown	 that	 h�gher	 HAZ	 hardness	
can	be	perm�tted	as	the	Carbon	content	or	Carbon	
Equ�valent	�s	�ncreased	prov�ded	the	Hydrogen	level	
�s	reduced.

	 However	 restr�ct�ons	 on	 the	 max�mum	 hardness	
may	be	necessary	to	ach�eve	the	des�red	mechan�-
cal	and	fractured	toughness	propert�es	of	the	HAZ	
mater�al.

A.4	 The	relat�onsh�p	between	cool�ng	rate	and	carbon	
equ�valent	used	for	non-hydrogen	controlled	elec-
trodes	�n	these	recommendat�ons	�s	a	comprom�se	
between	a	max�mum	hardness	of	350HV	and	crack-
�ng	�n	the	CTS	test.	Th�s	�s	just�fied	�n	v�ew	of	the	
weld�ng	exper�ence	w�th	steel	Group	Numbers	4	
and	5.

	 For	 hydrogen	 controlled	 processes,	 the	 relat�on-
sh�p	adopted	represents	an	�ncrease	of	60%	�n	the	
max�mum	 cool�ng	 rates	 adopted	 for	 other	 than	
hydrogen	controlled	processes.	Th�s	means	for	the	
same	weld�ng	energy	�nput	and	preheat,	the	steel	
Group	Number	�s	�ncreased	by	one,	or	the	carbon	
equ�valent	by	0.05%.

A.5	 Readers	of	th�s	techn�cal	note	should	be	aware	that	
as	 the	CTS	test	 �s	des�gned	to	establ�sh	crack/no	
crack	boundary	cond�t�ons	for	a	g�ven	set	of	weld�ng	

parameters,	�n	some	c�rcumstances	the	max�mum	
HAZ	hardness	real�sed	may	exceed	350HV	w�thout	
crack�ng.

	 S�m�larly,	wh�lst	th�s	techn�cal	note	�s	largely	de-
s�gned	 to	 avo�d	 the	 format�on	of	HAZ	hydrogen	
ass�sted	 cold	 crack�ng	 sens�t�ve	 m�crostructures	
and	weld�ng	cond�t�ons,	WTIA	Techn�cal	Note	15	
conversely	does	not	a�m	to	prevent	the	format�on	of	
hardened	HAZs	wh�ch	are	des�rable	to	some	extent	
�n	quench	&	tempered	steels.

A.6	 Cut-offs	are	appl�ed	to	the	curves	on	F�gures	9.1,	9.3	
and	9.3	as	pract�ce	�nd�cates	these	l�m�t�ng	values	
are	real�st�c.

A.7	 The	 recommendat�ons	g�ven	here�n	 are	 a�med	 at	
the	prevent�on	of	HAZ	crack�ng	by	controll�ng	the	
comb�nat�on	of	weld�ng	energy	�nput,	hydrogen	and	
preheat	and	do	not	necessar�ly	cover	other	aspects	
of	weld�ng	wh�ch	may	g�ve	r�se	to	problems.	The	
mechan�cal	propert�es	of	some	mater�als	before	and	
after	weld�ng	could	need	further	cons�derat�on	as	
well	as	the	requ�rement	for	postweld	heat	treatment	
to	ensure	sat�sfactory	performance	�n	serv�ce.	These	
deta�ls	are	not	dealt	w�th	�n	th�s	Techn�cal	Note.

A.8	 The	formulae	and	bas�s	for	the	pred�ct�ve	methods	
used	by	th�s	Techn�cal	Note	were	publ�shed	(Refer-
ence	7).

A.9	 These	 recommendat�ons	do	not	over-r�de	 the	us-
ers	obl�gat�on	to	demonstrate	the	su�tab�l�ty	of	the	
proposed	 weld�ng	 procedure	 �n	 accordance	 w�th	
good	pract�ce	and	the	weld	procedure	qual�ficat�on	
requ�rements	of	appl�cat�on	Standards,	Codes	and	
spec�ficat�ons.
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Hydrogen Levels
The	quant�ty	of	hydrogen	present	�n	weld	metal	�s	cruc�al	
�n	determ�n�ng	the	r�sk	of	“Hydrogen	Crack�ng”.

The	Techn�cal	Note	addresses	the	hydrogen	level	�n	
weld	metal	by	adopt�ng	the	hydrogen	levels	�n	Austral�an	
(and	ISO)	Standards	for	consumable	manufacture;	�e:
AS/NZS	1553.1	 Manual	metal	arc	electrodes	(low	

carbon).
AS/NZS	1553.2	 Manual	metal	arc	electrodes	(low	&	

�ntermed�ate	alloy).
AS	2203.1	 Flux	cored	electrodes.
AS	1858.2	 Submerged	arc	(low	and	�ntermed�ate	

alloy	steel).

The Effect of Hydrogen Potential on 
Group Numbers.
 Weld Metal  Lowering of 
 Hydrogen Level Group No by

	 ≥	15	ml/100	g	of	hydrogen	 0
	 ≤	15	ml/100	g	of	hydrogen	 1

It	 �s	not	 the	 �ntent�on	to	extend	the	hydrogen	level	
to	 <10	 ml/100g	 of	 depos�ted	 weld	 metal	 at	 th�s	 stage	
although	standards	allow	for	such	levels.	The	Techn�cal	
Expert	Group	rev�ew�ng	the	Techn�cal	Note	have	�nd�cated	
that	further	work	�s	requ�red	to	quant�fy	any	benefits	to	
be	ga�ned	and	add�t�onally	cons�der	that	levels	below	5	
ml/100	g	may	be	unreal�st�c,	for	Austral�an	cond�t�ons,	
bear�ng	�n	m�nd	the	cons�derable	�nfluence	of	atmospher�c	
s�tuat�ons	(see	References	8	to	11),	and	the	d�fficulty	�n	
handl�ng	consumables	to	ma�nta�n	these	levels.

Determ�nat�on	of	hydrogen	�n	weld	metal	�s	spec�fied	
�n	AS	 3752,	 ‘D�ffus�ble	 Hydrogen	 Determ�nat�on	 �n	
Ferr�t�c	Weld	Metal’.	Th�s	standard	covers	MMAW,	SAW,	
GMAW	and	FCAW	processes.

The	consumable	manufacturers	are	 respons�ble	 for	
spec�fy�ng	 on	 the	 packag�ng,	 the	 level	 of	 hydrogen	 �n	
the�r	product	and	the	necessary	�nstruct�ons	to	ach�eve	
these	levels	�n	pract�ce.
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Pcm	=	C	+	Mn+Cr+Cu	+	S�	+	V	+	Mo	+	N�	+	5B
	 20	 30	 10	 15	 60

The Affects of Sulphur and Boron  
on Preheat requirements.

C.1 Sulphur

The	poss�ble	�ncrease	�n	suscept�b�l�ty	of	steels	to	HAZ	
cold	 crack�ng	 w�th	 reduct�on	 �n	 Sulphur	 levels	 �s	 a	
complex	 subject	 on	 wh�ch	 there	 �s	 no	 clear	 ev�dence	
of	�ts	effect.	Wh�le	some	work	has	tended	to	�nd�cate	a	
causal	relat�onsh�p,	other	work	has	not	substant�ated	th�s	
(Reference	12).

The	 concept	 has	 been	 l�nked	 to	 the	 number	 of	
�nclus�ons	present	�n	the	steel	and	hence	cannot	be	related	
necessar�ly	to	the	percentage	of	Sulphur	�n	the	steel.	The	
presence	of	other	potent�al	hydrogen	s�nks	�n	the	v�c�n�ty	
of	the	HAZ	has	also	to	be	cons�dered.	If	a	fabr�cator	or	
user	has	a	spec�fic	concern	when	weld�ng	low	Sulphur	
steels,	then	confirmatory	weld	procedure	tests	should	be	
cons�dered.

C.2 Boron

The	presence	of	Boron	�n	steel	needs	to	be	cons�dered	as	
�t	makes	the	steel	more	hardenable.	(Reference	12)

Boron	 �s	 not	 accounted	 for	 �n	 the	 IIW	 carbon	
equ�valent	formula	used	�n	th�s	Techn�cal	Note	but	�t	�s	
�n	the	Japanese	Pcm	formula.

The	value	of	the	Boron	factor	�s	large,	because	Boron	
can	 be	 a	 potent	 alloy�ng	 element	 only	 added	 to	 steels	
�n	 small	 quant�t�es,	 but	 should	be	 regarded	w�th	 some	
caut�on,	because	�ts	use	depends	on	the	Boron	be�ng	�n	
an	act�ve	state.

Note!	 Research	 shows	 that	 a	 value	 of	 10	 may	 be	
nearer	to	the	true	value	for	act�ve	Boron.

The	 pos�t�on	 of	 Boron	 w�th	 respect	 to	 weld	 metal	
m�crostructure	 �s	 rather	 more	 complex,	 because	 the	
toughness	of	weld	metal	(w�thout	hydrogen	present)	does	
not	depend	on	hardness	�n	the	same	way	as	does	(HAZ)	
toughness.	A	tough	weld	metal	m�crostructure	appears	to	
be	better	able	to	res�st	hydrogen	crack�ng	than	one	wh�ch	
has	br�ttle	fracture	tendancy.

appendIx c
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appendIx d

Alternative methods for Calculating 
Welding Energy Input

Th�s	Append�x	prov�des	the	reader	w�th	alternat�ve	methods	
to	calculate	weld�ng	energy	�nput	by	us�ng	nomographs	
where	a	calculator	�s	not	ava�lable	(sect�on	D.1)	and	also	
from	fillet	weld	s�zes	when	MMAW	consumables	have	
been	used.	Th�s	latter	method	�s	not	recommended	where	
accuracy	of	work	�s	requ�red	but	�s	su�table	for	use	as	a	
qu�ck	check�ng	method.

D.1	 	F�gures	D1	&	D2	are	nomographs	for	calculat�ng	
the	heat	�nput,	and	are	su�ted	for	the	automat�c	and	sem�	
automat�c	processes.

The	process	of	us�ng	the	nomographs	�s	self	ev�dent	
and	�nvolves	read�ngs	be�ng	taken	for	arc	voltage,	weld�ng	
current,	and	weld�ng	speed	�n	mm/m�nute.

D.2	 F�gures	D3	to	D5	prov�de	a	method	to	calculate	
heat	 �nput	 for	 weld�ng,	 where	 there	 �s	 a	 measurement	
taken	for	run-out	length	from	the	electrode	be�ng	used.	
(The	run-out	rat�o	�s	establ�shed	by	measur�ng	the	length	
of	 the	 electrode	 �n	 (mm)	 used	 to	 make	 the	 weld	 and	
d�v�d�ng	�t	by	the	weld	metal	depos�t	length	�n	(mm).

The	three	graphs	apply	to	the	follow�ng	3	groups	of	
Electrodes.

(a)	 Non	Iron	Powder	Electrodes.
(b)	 Low	Iron	Powder	Electrodes.
(c)	 Med�um	Iron	Powder	Electrodes.

D.3	 F�gure	D6	�s	a	method	of	est�mat�ng	heat	�nput	
d�rectly	from	the	s�ngle	run	fillet	s�ze	for	all	pos�t�ons	of	
weld�ng	and	for	a	range	of	electrode	class�ficat�ons.
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To find energy input
(1) A to B note C
(2) C to D read E
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Figure D1 Welding energy input and arc voltage, current and speed for manual and automatic processes in range  
60-�00 amps.

APPEndix d



 P A G E  � �  W T I A  –  T E C H N I C A L  N O T E  1

return to contents next page

To find energy input
(1) A to B note C
(2) C to D read E
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Figure D2 Welding energy input and arc voltage, current and speed for semi-automatic and automatic processes in range 
200-1200 amps.
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Curve No. For following Electrode Types
Welding EXX EXX EXX
Position 10 13 15

EXX EXX EXX EXX EXX EXX EXX EXX
11 12 14 16 18 24 27 28

Flat 3 2 1 3 2 1 1 1
Horizontal 3 3 3 3 3 1 1 1
Overhead 3 3 3 3 3 – – –
Vertical Up 3 3 3 3 – – – –
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appendIx e

references
Section 1: Standards

AS/NZS	 1553.1	 Covered	 electrodes	 for	 weld�ng.	
Part	1:	Low	carbon	steel	electrodes	for	manual	metal-arc	
weld�ng	of	carbon	and	carbon-manganese	steels.

AS/NZS1553.2	 Covered	 electrodes	 for	 weld�ng.	
Part	2:	Low	and	�ntermed�ate	alloy	steel	electrodes	for	
manual	metal	arc	weld�ng	of	carbon	steels	and	low	and	
�ntermed�ate	alloy	steels.

AS/NZS1554.1	Structural	Steel	Weld�ng	Part	1:	Weld-
�ng	of	steel	structures.

AS	1858.1	‘Electrodes	and	fluxes	for	submerged	arc	
weld�ng.	Part	1:	Carbon	and	carbon-manganese	steels.

AS	1858.2	‘Electrodes	and	fluxes	for	submerged	arc	
weld�ng.	Part	2:	Low	and	�ntermed�ate	alloy	steels.

AS	2203.1	Cored	electrodes	for	arc	weld�ng.	Part	1:	
Ferr�t�c	steel	electrodes

AS/NZS	2717.1	Weld�ng	–	Electrodes-Gas	metal-arc.	
Part	1:	Ferr�t�c	steel	electrodes.

AS	 2812	Weld�ng,	 braz�ng	 and	 cutt�ng	 of	 metals	
–	Glossary	of	terms

AS	ISO	13916	Weld�ng	–	Gu�de	on	the	measurement	
of	 preheat�ng	 temperature,	 �nterpass	 temperature	 and	
preheat	ma�ntenance	temperature.

ISO17642-2	Destruct�ve	 tests	on	welds	 �n	metall�c	
mater�als	 –	 Cold	 crack�ng	 tests	 for	 weldments	 –	Arc	
weld�ng	processe-	Part	2:	Self-restra�nt	tests.

Section 2: Cited Documents
1.	 Wade	 J.B.	The	 bas�s	 and	 background	 of	Techn�cal	

Note	1	 on	 the	Weldab�l�ty	 of	 Steels.	AWRA/AWI	
Sem�nar,	Weld�ng	Procedures	for	Steel,	May	1974

2.	 P�trun	M.,	Nolan	D.	and	Dunne	D.	D�ffus�ble	hydrogen	
content	�n	rut�le	flux-cored	arc	welds	as	a	funct�on	of	
the	weld�ng	parameters.	IIW	Doc	No.	IX-2064-03

3.	 D�ckehut	G.	and	Hotz	U.	Effect	of	cl�mat�c	cond�t�ons	
on	d�ffus�ble	hydrogen	content	�n	weld	metal.	AWS	
Weld�ng	 Journal,	Weld�ng	 Research	 Supplement,	
Jan.1991.

4.	 Cannon	 B.	 Influence	 of	 spatter	 release	 flu�ds	 on	
d�ffus�ble	 hydrogen	 levels	 �n	 GMAW	 welds,	 	Aus-
tralas�an	Weld�ng	Journal,	Vol	48,	4th	Quarter	2003.

5.	 Pargeter	 R.J.	 Evaluat�on	 of	 necessary	 delay	 before	
�nspect�on	for	hydrogen	cracks.	AWS	Weld�ng	Journal,	
Weld�ng	Research	Supplement,	Nov.	2003

Section 3: Recommended Reading
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expert technoloGy toolS
These	Techn�cal	Note,	Management	System	and	other	Expert	Technology	Tools	may	be	obta�ned	from	the	WTIA.	

Techn�cal	adv�ce,	tra�n�ng,	consultancy	and	ass�stance	w�th	the	�mplementat�on	of	Management	Systems	�s	also	
ava�lable	through	the	WTIA’s	OzWeld	Technology	Support	Centres	Network	and	School	of	Weld�ng	Technology.

WTIA	–	PO	Box	6165
S�lverwater	NSW	1811	Austral�a

Phone:	+61	(0)	2	9748	4443
Fax:	+61	(0)	2	9748	2858
Ema�l:	�nfo@wt�a.com.au

V�s�t	our	Internet	s�te	at	http://www.wt�a.com.au

WTIA Technical Notes

TN 1-06 – The Weldability of Steels

G�ves	gu�dance	on	the	preheat	and	heat	�nput	cond�t�ons	
(run	s�ze,	current,	voltage)	requ�red	for	acceptable	welds	
and	to	avo�d	cold	crack�ng	�n	a	w�de	var�ety	of	steels.	The	
Note	�s	appl�cable	to	a	w�de	range	of	weld�ng	processes.

TN 2-06 – Successful Welding of Aluminium

Th�s	 note	 covers	 the	 major	 weld�ng	 processes	 as	 they	
are	used	for	the	weld�ng	and	repa�r	of	alum�n�um	and	�ts	
alloys.	Informat�on	�s	g�ven	on	the	processes,	equ�pment,	
consumables	and	techn�ques.	It	also	prov�des	�nformat�on	
on	the	range	of	alloys	ava�lable	and	br�efly	covers	safety,	
qual�ty	 assurance,	 �nspect�on	 and	 test�ng,	 cost�ng	 and	
alternat�ve	jo�n�ng	processes.

TN �-06 – Care and Conditioning of Arc 
Welding Consumables

G�ves	the	bas�s	and	deta�ls	for	the	correct	care,	storage	and	
cond�t�on�ng	of	weld�ng	consumables	to	control	hydrogen	
and	to	ensure	h�gh	qual�ty	weld�ng.

TN �-06 – The Industry Guide to Hardfacing 
for the Control of Wear

Descr�bes	wear	mechan�sms	and	g�ves	gu�dance	on	the	
select�on	of	hardfac�ng	consumables	and	processes	for	a	
w�de	range	of	appl�cat�ons.	Includes	Austral�an	hardfac�ng	
Suppl�ers	Compend�um	1998.

TN �-�� – Flame Cutting of Steels

G�ves	 a	 wealth	 of	 pract�cal	 gu�dance	on	flame	cutt�ng	
�nclud�ng	 deta�led	 procedures	 for	 eff�c�ent	 cutt�ng,	
select�on	of	equ�pment	and	gases,	pract�ces	for	�dent�fy�ng	
and	 cur�ng	 defect�ve	 cutt�ng,	 methods	 of	 max�m�s�ng	
economy	 and	 other	 �mportant	 gu�dance	 on	 the	 use	 of	
steels	w�th	flame	cut	surfaces.

TN 6-�� – Control of Lamellar Tearing
Descr�bes	the	features	and	mechan�sms	of	th�s	�mportant	
mode	 of	 fa�lure	 and	 the	 means	 of	 controll�ng	 tear�ng	
through	su�table	des�gn,	mater�al	 select�on,	 fabr�cat�on	
and	 �nspect�on.	Acceptance	 standards,	 repa�r	 methods,	
spec�ficat�on	requ�rements	and	methods	of	�nvest�gat�on	
are	 proposed.	 Four	 append�ces	 g�ve	 deta�ls	 on	 the	
mechan�sm,	mater�al	factors,	tests	for	suscept�b�l�ty	and	
the	�mportant	quest�on	of	restra�nt.

TN �-0� – Health and Safety in Welding
Prov�des	�nformat�on	on	all	aspects	of	health	and	safety	�n	
weld�ng	and	cutt�ng.	Des�gned	to	prov�de	th�s	�nformat�on	
�n	 such	a	way	 that	 �t	 �s	 read�ly	useable	 for	 �nstruct�on	
�n	 the	 shop	 and	 to	 prov�de	 gu�dance	 to	 management.	
Recommendat�ons	are	g�ven	 for	 safe	procedures	 to	be	
adopted	�n	a	w�de	var�ety	of	s�tuat�ons	found	�n	weld�ng	
fabr�cat�on.

TN �-�� – Economic Design of Weldments
Pr�nc�ples	 and	 gu�dance	 are	 g�ven	 on	 methods	 and	
procedures	 for	 opt�m�s�ng	 des�gn	 of	 weldments	 and	
welded	jo�nts	and	connect�ons	to	max�m�se	economy	�n	
weld�ng	fabr�cat�on.	Factors	�nfluenc�ng	the	overall	cost	
of	weldments	wh�ch	need	to	be	cons�dered	at	the	des�gn	
stage	are	d�scussed.

TN �-�� – Welding rate in Arc Welding 
Processes: Part 1 mmAW

G�ves	pract�cal	gu�dance	and	�nformat�on	on	the	select�on	
of	 weld�ng	 cond�t�ons	 to	 �mprove	 product�v�ty	 dur�ng	
manual	metal	arc	weld�ng	(MMAW).	Graphs	are	prov�ded	
show�ng	 rates	 as	 a	 funct�on	 of	 weld	 s�ze.	The	 graphs	
enable	a	d�rect	compar�son	of	d�fferent	types	of	weld�ng	
electrodes	when	used	for	butt	and	fillet	welds	�n	var�ous	
weld�ng	pos�t�ons.

TN10-02 – Fracture mechanics
Prov�des	theory	and	g�ves	pract�cal	gu�dance	for	the	des�gn	
and	fabr�cat�on	of	structures,	plann�ng	of	ma�ntenance	and	
assessment	of	the	l�kel�hood	of	br�ttle	or	duct�le	�n�t�at�on	
from	flaws	�n	ferrous	and	non-ferrous	alloys.	Eng�neer�ng	
cr�t�cal	assessment	case	h�stor�es	are	d�scussed.

return to contents next page
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TN 11-0� – Commentary on the Standard 
  AS/NZS 1��� Structural Steel Welding
The	Note	complements	AS / NZS	1554	parts	1	to	5,	by	
present�ng	background	�nformat�on	wh�ch	could	not	be	
�ncluded	�n	the	Standard.	It	d�scusses	the	requ�rements	of	
the	Standard	w�th	part�cular	emphas�s	on	new	or	rev�sed	
clauses.	In	expla�n�ng	the	appl�cat�on	of	the	Standard	to	
weld�ng	�n	steel	construct�on,	the	commentary	emphas�ses	
the	 need	 to	 rely	 on	 the	 prov�s�ons	 of	 the	 Standard	 to	
ach�eve	sat�sfactory	weld	qual�ty.

TN 12-�6 – minimising Corrosion in Welded 
Steel Structures

Des�gned	to	prov�de	pract�cal	gu�dance	and	�nformat�on	
on	 corros�on	problems	 assoc�ated	w�th	 the	weld�ng	of	
steel	 structures,	 together	 w�th	 poss�ble	 solut�ons	 for	
m�n�m�s�ng	corros�on.

TN 1�-00 – Stainless Steels for Corrosive 
Environments

(A	Jo�nt	publ�cat�on	w�th	ACA)
Prov�des	gu�dance	on	the	select�on	of	sta�nless	steels	

for	 d�fferent	 env�ronments.	Austen�t�c,	 ferr�t�c	 and	
martens�t�c	 sta�nless	steels	are	descr�bed	 together	w�th	
the	var�ous	types	of	corros�ve	attack.	Aspects	of	weld�ng	
procedure,	des�gn,	clean�ng	and	ma�ntenance	to	m�n�m�se	
corros�on	are	covered.

TN 1�-�� – Design and Construction of Welded 
Steel Bins

Wr�tten	 because	 of	 the	 w�dely	 expressed	 need	 for	
gu�dance	on	the	des�gn	and	fabr�cat�on	of	welded	steel	
bulk	 sol�ds	 conta�ners,	 th�s	 Techn�cal	 Note	 gathers	
relevant	 �nformat�on	 on	 funct�onal	 des�gn,	 wall	 loads,	
stress	analys�s,	des�gn	of	welded	jo�nts	and	the	fabr�cat�on,	
erect�on	and	�nspect�on	of	steel	b�ns.	It	also	conta�ns	a	
very	comprehens�ve	reference	l�st	 to	ass�st	 �n	a	further	
understand�ng	of	th�s	very	broad	subject.

TN 1�-�6 – Welding and Fabrication of 
Quenched and Tempered Steel

Prov�des	�nformat�on	on	quenched	and	tempered	steels	
generally	 ava�lable	 �n	Austral�a	 and	 g�ves	 gu�dance	
on	 weld�ng	 processes,	 consumables	 and	 procedures	
and	 on	 the	 propert�es	 and	 performance	 of	 welded	
jo�nts.	Informat�on	�s	also	prov�ded	on	other	�mportant	
fabr�cat�on	 operat�ons	 such	 as	 flame	 cutt�ng,	 plasma	
cutt�ng,	shear�ng	and	form�ng.

TN 16-�� – Welding Stainless Steel
Th�s	Techn�cal	Note	complements	Techn�cal	Note	Number	
13	by	deta�l�ng	valuable	�nformat�on	on	the	weld�ng	of	
most	types	of	sta�nless	steels	commonly	used	�n	�ndustry.

TN 1�-�6 – Automation in Arc Welding
Prov�des	 �nformat�on	 and	 gu�dance	 on	 all	 the	 �ssues	
�nvolved	 w�th	 automat�on	 �n	 arc	 weld�ng.	The	 general	
pr�nc�ples	are	appl�cable	to	automat�on	�n	any	field.

TN 1�-�� – Welding of Castings
Prov�des	 bas�c	 �nformat�on	 on	weld�ng	 procedures	 for	
the	weld�ng	processes	used	 to	weld	and	 repa�r	 ferrous	
and	 non-ferrous	 cast�ngs.	 It	 also	 prov�des	 �nformat�on	
on	the	range	of	alloys	ava�lable	and	br�efly	covers	non-
destruct�ve	 �nspect�on,	 on-s�te	 heat�ng	 methods	 and	
safety.

TN 1�-�� – Cost Effective Quality management 
for Welding

Prov�des	gu�del�nes	on	the	appl�cat�on	of	the	AS / NZS	ISO	
9000	ser�es	of	Qual�ty	Standards	w�th�n	the	weld�ng	and	
fabr�cat�on	�ndustr�es.	Gu�dance	on	the	wr�t�ng,	development	
and	 control	 of	 Weld�ng	 Procedures	 �s	 also	 g�ven.

TN 20-0� – repair of Steel Pipelines
Prov�des	an	outl�ne	of	methods	of	assessment	and	repa�r	
to	a	p�pel�ne	wh�lst	allow�ng	cont�nu�ty	of	supply.

TN 21-�� – Submerged Arc Welding
Prov�des	 an	 �ntroduct�on	 to	 submerged	 arc	 weld�ng	
equ�pment,	process	var�ables,	consumables,	procedures	
and	techn�ques,	character�st�c	weld	defects,	appl�cat�ons	
and	l�m�tat�ons.	Descr�bes	exerc�ses	to	explore	the	range	
of	procedures	and	techn�ques	w�th	the	use	of	sol�d	w�re	
(s�ngle	and	mult�ple	arcs)	and	prov�des	weld�ng	pract�ce	
sheets,	 wh�ch	 may	 be	 used	 by	 tra�nees	 as	 �nstruct�on	
sheets	to	supplement	demonstrat�ons	and	class	work,	or	
as	self-�nstruct�on	un�ts.

TN 22-0� – Welding Electrical Safety
Prov�des	�nformat�on	and	gu�dance	on	weld�ng	electr�cal	
safety	�ssues:	weld�ng	equ�pment,	the	human	body	and	
the	workplace.

TN 2�-02 – Environmental Improvement 
Guidelines

Prov�des	 �nformat�on	 and	 gu�dance	 on	 how	 to	 reduce	
consumpt�on	�n	the	Weld�ng	and	Fabr�cat�on	�ndustry,	wh�le	
reduc�ng	the	�mpact	on	the	env�ronment	at	the	same	t�me.

TN 2�-0� – Self-Assessment of Welding 
management and Coordination to  
AS/NZS ISO ���� and ISO 1���1  
(CD-rOm only)

Prov�des	�nstruct�on	and	gu�dance	to	enable	Austral�an	
compan�es	to:
•	 Understand	the	a�ms	and	appl�cat�on	of	these	qual�ty	

standards	
•	 Apprec�ate	 the	 relevance	 and	 �mpl�cat�ons	 of	 these	

standards
•	 Conduct	a	self-assessment	of	qual�ty	requ�rements
•	 Dev�se	an	act�on	plan	to	meet	the	qual�ty	requ�rements
•	 Obta�n	cert�ficat�on	to	AS / NZS	ISO	3834 / 	ISO	3834 /	

EN	729
The	CD	conta�ns	a	comprehens�ve	checkl�st	that	addresses	

all	 the	elements	of	AS / NZS	ISO	3834	for	an	aud�t	or	
cert�ficat�on	purpose.	The	CD	also	conta�ns	useful	checkl�sts	
for	Weld�ng	Coord�nat�on	act�v�t�es	and	respons�b�l�t�es.

return to contents next page
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TN 2�-0� – Welding management Plan and 
Audit Tool for Safe Cutting and 
Welding at NSW mines to mDG 2� 
(CD-rOm only)

W�ll	ass�st	m�n�ng	compan�es	 to	 �mplement	a	Weld�ng	
Management	 Plan	 (WMP)	 compl�ant	 w�th	 MDG	 25	
“Gu�del�ne	 for	 safe	 cutt�ng	 and	 weld�ng	 at	 m�nes”	 as	
publ�shed	by	the	NSW	Department	of	M�neral	Resources.	
The	ETT:
•	 W�ll	ass�st	�n	the	development,	�mplementat�on	and	

aud�t�ng	 of	 a	WMP	 for	 safe	 cutt�ng	 and	 weld�ng	
operat�ons	�n	m�nes

•	 Conta�ns	 a	 gener�c	WMP	 that	 can	 be	 ed�ted	 and	
ta�lored	to	su�t	your	purpose

•	 Descr�bes	the	processes	to	be	employed,	the	standards	
to	be	referenced	and	the	�ssues	to	be	addressed	�n	the	
development	of	a	WMP

•	 Conta�ns	an	Aud�t	Tool	that	can	be	used	to	develop	
r�sk	assessment	for	weld�ng	and	cutt�ng

•	 Conta�ns	Procedures,	Work	Instruct�ons	and	Forms/
Records	for	safe	cutt�ng	and	weld�ng	act�v�t�es	 that	
can	be	adapted	as	necessary	for	your	m�ne.

WTIA management Systems
MS01-TWM-01	Total Welding Management System	

Interact�ve	CD-ROM
Welding Occupational Health, Safety & 
Rehabilitation Management System
MS02-OHS-01	OHS&R	Managers	Handbook
MS03-OHS-01	OHS&R	Procedures
MS04-OHS-01	OHS&R	Work	Instruct�ons
MS05-OHS-01	OHS&R	Forms	and	Records		

Four	Expert	Technology	Tools	�ncorporated	�nto	
one	Interact�ve	CD-ROM	

MS06-ENV-01	Welding Environmental 
Management System	
Interact�ve	CD-ROM

WTIA Pocket Guides
These	handy	s�zed	Pocket	Gu�des	are	des�gned	to	be	used	
on	 a	 pract�cal	 day-to-day	 bas�s	 by	 weld�ng	 and	 other	
personnel.

PG01-WD-01	Weld Defects

W�ll	ass�st	Welders,	Weld�ng	Superv�sors	and	others	�n	
the	�dent�ficat�on	and	detect�on	of	defects,	the�r	common	
causes,	methods	of	prevent�on	and	�n	the�r	repa�r.	

PG02-SS-01	Welding of Stainless Steel

A	 conc�se	 gu�de	 for	Welders,	Weld�ng	 Superv�sors	
to	weld�ng	processes	and	procedures	for	the	fabr�cat�on	
of	sta�nless	steel	�nclud�ng	Codes,	Standards	and	spec�-
ficat�ons,	clean�ng	and	surface	fin�sh�ng,	good	weld�ng	
pract�ce	and	precaut�ons.

Other Expert Technology Tools
Contract review for Welding and Allied 

Industries (CD-ROM only)
Expla�ns	 how	 to	 rev�ew	 des�gn,	 construct�on,	 supply,	
�nstallat�on	 and	 ma�ntenance	 contracts	 �n	 the	 weld�ng	
�ndustry.	It	has	been	des�gned	for	pr�vate	and	government	
organ�sat�ons	 act�ng	 �n	 the	 capac�ty	 of	 a	 cl�ent	 or	 a	
contractor	or	both.

The	CD	conta�ns	more	 than	36	checkl�sts	 cover�ng	
areas	such	as	structures,	pressure	equ�pment,	p�pel�nes,	
non-destruct�ve	test�ng	and	protect�ve	coat�ngs	to	var�ous	
Austral�an	Standards.
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