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	3. 0‐1
Copyright © TWI  Ltd
WIS10
CSWIP 3.2 Senior Welding Inspection
Copyright © TWI Ltd
Introduction
CSWIP 3.2 Senior Welding Inspector
Copyright © TWI Ltd
 The Senior Welding Inspector course covers a
variety of subjects that somebody operating at
this level will have to have a comprehensive
knowledge of.
 Once each subjected is presented it will be
reinforced with 10 questions relating to that
subject. As the examination is multi choice
these questions will also be.
The Course
Copyright © TWI Ltd
 QA and QC
 Destructive testing
 Heat treatments
 Welding procedures
 Welding dissimilar
 Residual stress and
distortion
 Weldability
 Weld fractures
 Welding symbols
 Non destructive testing
 Welding consumables
 Weld repairs
□ Specifications
□ Joint design
□ HSLA steels
□ Arc energy and heat
input
Course Subjects
There will also be homework each night in multi choice
format which will be reviewed the following day.
Copyright © TWI Ltd
Exam after the
course is completed
No continuous
assessment
Course Assessment
Copyright © TWI Ltd
 3.0 Visual Welding Inspector
 3.1 Welding Inspector
 3.2 Senior Welding Inspector
 For further examination information please see
website www.cswip.com
CSWIP Certificate Scheme
 


	4. 0‐2
Copyright © TWI  Ltd
 The TWI Specification
will be used.
 To attempt the
Senior Welding
Inspectors
Examination (3.2)
you must already be
a holder of the
Welding Inspectors
Qualification (3.1).
CSWIP 3.2 Examination
Copyright © TWI Ltd
Before attempting the examination, you MUST
provide the following
 Two passport size photographs, with your name
and signature on reverse side of both.
 Eye test certificate, the certificate must show near
vision and colour tests. (N4.5 or Times Roman
numerals standard) and verified enrolment.
 Completed examination form, you can print from
the website www.twi.training.com
It is the sole responsibility of the candidate to provide the
above. Failure to do so will delay results and certification
being issued.
CSWIP 3.0 Examination
Copyright © TWI Ltd
 3.2.1 Without radiograph interpretation
70% pass mark required in all areas
of examination
 3.2.2 With radiograph interpretation
(Optional)
70% Pass mark required in all areas
of examination including radiographic
interpretation before certificate can be
issued.
CSWIP 3.2 Examination
Copyright © TWI Ltd
There are four sections to the examination each will
require 70% pass mark for the qualification to be awarded.
 Part 1 General Multi-choice 30 Questions
45 minutes
 Part 2 Scenario multi choice 60 questions
150 minutes
 Part 3 Assessment of four NDT Reports 40 Questions
75 minutes
 Part 4 The interpretation of weld symbols using a
drawing 10 questions
30 minutes
CSWIP 3.2 Examination
Copyright © TWI Ltd
All of the questions from all of the sections are
generated individually from a large data base so no
one student has the same exam.
In the case of the scenario section of 60 questions,
12 topics will be randomly generated, each with 4
questions from the 12 sections presented through
the week and 12 questions directly related to the
specification.
The exam specification, will be required for most of
the scenario and NDT questions but not for the
General and weld symbol questions.
CSWIP 3.2 Examination
Copyright © TWI Ltd
For candidates wishing to complete the RT supplementary
examination
 Theory B2: Radiographic general theory 20 multiple-
choice questions 30 Minutes
 Theory: Density and Sensitivity Calculations 1 hour
 Practical D2: Interpretation of Radiographs
 Metal Group A: Ferrous 6 Radiographs 1 Hour 30
Minutes
 Metal Group B: Austenitic 3 Radiographs 45 Minutes
 Metal Group C: Aluminum 3 Radiographs 45 minutes
 Metal Group D: Copper 3 Radiographs 45 minutes
CSWIP 3.2 Examination
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Copyright © TWI  Ltd
70% Pass mark
required for
EVERY section
of the exam
2 copies of certificates and an identity card
sent to delegates’ sponsor
Notification of Examination Results
Copyright © TWI Ltd
5 years
Log book submittal
10 years
Renewal examination
CSWIP 3.2 Renewals
Copyright © TWI Ltd
Certification Scheme for
Personnel
Recognised Worldwide
 



	7. CSWIP 3.2 –  Senior Welding Inspector
Contents
Section Subject
1 Duties of the Senior Welding Inspector
1.1 Leadership skills
1.2 Technical skills
1.3 Knowledge of technology
1.4 Knowledge of normative documents
1.5 Knowledge of planning
1.6 Knowledge of organisation
1.7 Knowledge of quality/auditing
1.8 Man management
1.9 Recruitment
1.10 Morals and motivation
1.11 Discipline
1.12 Summary
2 Welded Joint Design
2.1 Welds
2.2 Types of joint
2.3 Fillet welds
2.4 Butt welds
2.5 Dilution
2.6 Welding symbols
2.7 Welding positions
2.8 Weld joint preparations
2.9 Designing welded joints
2.10 Summary
3 Quality Assurance and Quality Control
3.1 Definitions
3.2 Quality system standards
3.3 Auditing and documentation
3.4 Quality requirements for welding
3.5 Calibration/validation of welding equipment
3.6 Workshop exercise
4 Codes and Standards
4.1 Company manuals
4.2 Auditing
4.3 Codes and standards
4.4 Summary
5 Fe-C Steels
5.1 Steel terminology
6 Destructive Testing
6.1 Test types, test pieces and test objectives
6.2 Fracture tests
6.3 Macroscopic examination
WIS10-30816
Contents Copyright © TWI Ltd
 


	8. 7 Heat Treatment
7.1  Heat treatment of steel
7.2 Post weld heat treatment (PWHT)
7.3 PWHT thermal cycle
7.4 Heat treatment furnaces
7.5 Local PWHT
8 WPS and Welder Qualifications
8.1 Qualified welding procedure specifications
8.2 Welder qualification
9 Arc Energy and Heat Input
9.1 Current and voltage
9.2 Arc energy or heat imput
10 Residual Stress and Distortion
10.1 What causes distortion?
10.2 What are the main types of distortion?
10.3 What are the factors affecting distortion?
10.4 Distortion – prevention by pre-setting, pre-bending or use of restraint
10.5 Distortion – prevention by design
10.6 Elimination of welding
10.7 Distortion – prevention by fabrication techniques
10.8 Distortion – corrective techniques
11 Weldability of Steels
11.1 Factors that effect weldability
11.2 Hydrogen cracking
11.3 Solidification cracking
11.4 Lamellar tearing
12 Weld Fractures
12.1 Ductile fractures
12.2 Brittle fracture
12.3 Fatigue fracture
13 Welding Symbols
13.1 Standards for symbolic representation of welded joints on drawings
13.2 Elementary welding symbols
13.3 Combination of elementary symbols
13.4 Supplementary symbols
13.5 Position of symbols on drawings
13.6 Relationship between the arrow line and the joint line
13.7 Position of the reference line and position of the weld symbol
13.8 Positions of the continuous line and the dashed line
13.9 Dimensioning of welds
13.10 Indicatgion of the welding process
13.11 Other information in the tail of the reference line
13.12 Weld symbols in accordance with AWS 2.4
14 NDT
14.1 Radiographic methods
14.2 Magnetic particle testing
14.3 Dye penetrant testing
14.4 Surface cracks detection (magnetic particle/dye penetrant): general
WIS10-30816
Contents Copyright © TWI Ltd
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Contents Copyright ©  TWI Ltd
15 Welding Consumables
15.1 MMA electrodes
15.2 Cellulosic electrodes
15.3 Rutile electrodes
15.4 Basic electrodes
15.5 Classification of electrodes
15.6 TIG filler wires
15.7 MIG/MAG filler wires
15.8 SAW filler wires
16 MAG welding
16.1 The process
16.2 Process variables
16.3 Welding consumables
16.4 Important inspection point/checks when MIG/MAG welding
17 MMA Welding
17.1 Manual metal arc/shielded metal arc welding (MMA/SMAW)
17.2 MMA welding basic equipment requirements
17.3 Power requirements
17.4 Welding variables
17.5 Voltage
17.6 Type of current and polarity
17.7 Type of consumable electrode
17.8 Typical welding defects
18 Submerged Arc Welding
18.1 The process
18.2 Process variables
18.3 Storage and care of consumables
19 TIG Welding
19.1 Process characteristics
19.2 Process variables
19.3 Filler wires and shielding gases
19.4 Tungsten inclusions
19.5 Crater cracking
19.6 Common applications of the TIG process
19.7 Advantages of the TIG process
19.8 Disadvantages of the TIG process
20 Weld Repairs
20.1 Production repairs
20.2 In-service repairs
Appendix 1 Homeworks
Appendix 2 NDT Training Reports
Appendix 3 Training Drawing
Appendix 4 Specification Questions
 



	11. 1 Duties of  the Senior Welding Inspector
The Senior Welding Inspector has primarily a supervisory/managerial role,
which could encompass the management and control of an inspection contract.
The role would certainly include leading a team of Welding Inspectors, who will
look to the Senior Welding Inspector for guidance, especially on technical
subjects. The Senior Welding Inspector will be expected to give advice, resolve
problems, take decisions and generally lead from the front, sometimes in
difficult situations.
The attributes required by the Senior Welding Inspector are varied and the
emphasis on certain attributes and skills may differ from project to project.
Essentially though the Senior Welding Inspector will require leadership skills,
technical skills and experience.
1.1 Leadership skills
Some aspects on the theory of leadership may be taught in the classroom, but
leadership is an inherent part of the character and temperament of an
individual. Practical application and experience play a major part in the
development of leadership skills and the Senior Welding Inspector should strive
to improve and fine tune these skills at every opportunity.
The skills required for the development of leadership include a:
 Willingness and ability to accept instructions or orders from senior staff and
to act in the manner prescribed.
 Willingness and ability to give orders in a clear and concise manner,
whether verbal or written, which will leave the recipient in no doubt as to
what action or actions are required.
 Willingness to take responsibility, particularly when things go wrong,
perhaps due to the Senior Welding Inspector’s direction, or lack of it.
 Capacity to listen (the basis for good communication skills) if and when
explanations are necessary and to provide constructive reasoning and
advice.
 Willingness to delegate responsibility to allow staff to get on with the job
and to trust them to act in a professional manner. The Senior Welding
Inspector should, wherever possible, stay in the background, managing.
 Willingness and ability to support members of the team on technical and
administrative issues.
1.2 Technical skills
A number of factors make up the technical skills required by the Senior Welding
Inspector and these are a knowledge of:
 Technology.
 Normative documents.
 Planning.
 Organisation.
 Auditing.
WIS10-30816
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	12. 1.3 Knowledge of  technology
Welding technology knowledge required by the Senior Welding Inspector is very
similar to that required by the Welding Inspector, but with some additional
scope and depth.
Certain areas where additional knowledge is required are a:
 Knowledge of quality assurance and quality control.
 Sound appreciation of the four commonly used non-destructive testing
methods.
 Basic understanding of steel metallurgy for commonly welded materials and
the application of this understanding to the assessment of fracture surfaces.
 Assessment of non-destructive test reports, particularly the interpretation of
radiographs.
1.4 Knowledge of normative documents
It is not a requirement for Inspectors at any level to memorise the content of
relevant normative documents, except possibly with the exception of taking
examinations.
Specified normative documents (specifications, standards, codes of practice,
etc) should be available at the workplace and the Senior Welding Inspector
would be expected to read, understand and apply the requirements with the
necessary level of precision and direction required.
The Senior Welding Inspector should be aware of the more widely used
standards as applied in welding and fabrication. For example:
BS EN ISO 15614 / ASME IX Standards for welding procedure approval
BS 4872, BS EN 287/ BS EN ISO
9606 / ASME IX
Standards for welder approval.
PED BS 5500 / ASME VIII Standards for quality of fabrication.
BS EN ISO 9000 – 2000 Standards for quality management.
1.5 Knowledge of planning
Any project or contract will require some planning if inspection is to be carried
out effectively and within budget.
See Section: Planning for more detailed information.
1.6 Knowledge of organisation
The Senior Welding Inspector must have good organisational skills in order to
ensure that the inspection requirements of any quality/inspection plan can be
met, within the allocated time, budget and using the most suitable personnel
for the activity. Assessment of suitable personnel may require consideration of
their technical, physical and mental abilities in order to ensure that they are
able to perform the tasks required of them. Other considerations would include
availability of inspection personnel at the time required, levels of supervision
and the monitoring of the inspector’s activities form start to contract
completion.
WIS10-30816
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	13. 1.7 Knowledge of  quality/auditing
There are many situations in manufacturing or on a project where the Senior
Welding Inspector may be required to carry out audits.
See section on: Quality Assurance/Quality Control and Inspection for more
detailed information.
1.8 Man management
As mentioned above, the Senior Welding Inspector will have to direct and work
with a team of Inspection personnel which he may well have to pick. He will
have to liaise with customer representatives, sub-contractors and third party
Inspectors. He may have to investigate non-compliances, deal with matters of
discipline as well as personal matters of his staff.
To do this effectively he needs skills in man management.
1.9 Recruitment
When recruiting an individual or a team the SWI will first have to establish the
requirements of the work. Among them would be:
 What skills are definitely required for the work and what additional ones
would be desirable?
 Are particular qualifications needed?
 Is experience of similar work desirable?
 What physical attributes are needed?
 Is the work local, in-shop, on-site, in a third world country?
 Does the job require working unsociable hours being away from home for
long periods?
 Is the job for permanent staff or for a fixed term?
 If overseas what are the leave and travel arrangements?
 What is the likely salary?
During subsequent interviews the SWI will need to assess other aspects of the
candidates’ suitability:
 Has he the ability to work on his own initiative?
 Can he work as part of a team?
 If overseas has the person been to a similar location?
 What is his marital/home situation?
 Are there any Passport/Visa problems likely?
1.10 Morale and motivation
The morale of a workforce has a significant effect on its performance so the
SWI must strive to keep the personnel happy and motivated and be able to
detect signs of low morale.
Low morale can lead to among other things, poor productivity, less good
workmanship, lack of diligence, taking short cuts, ignoring safety procedures and
higher levels of absenteeism.
The SWI needs to be able to recognise these signs and others such as
personnel not starting work promptly, taking longer breaks, talking in groups
and grumbling about minor matters.
WIS10-30816
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	14. A good supervisor  should not allow his workforce to get into such a state.
He must keep them motivated by:
 His own demeanour – does he have drive and enthusiasm or is he seen to
have no energy and generally depressed. The workforce will react
accordingly.
 Is he seen to be leading from the front in a fair and consistent manner?
 Favouritism in the treatment of staff, on disciplinary matters, the allocation
of work, allotment of overtime, weekend working and holidays are common
causes of problems.
 Keep them informed in all aspects of the job and their situation. Rumours of
impending redundancies or cuts in allowances etc will not make for good
morale.
1.11 Discipline
Any workforce must be working in a disciplined manner, normally to rules and
standards laid down in the Company’s conditions of employment or relevant
company handbook. The SWI must have a good understanding of these
requirements and be able to apply them in a fair and equitable manner.
He must have a clear understanding as to the limits of his authority – knowing
how far he can go in disciplinary proceedings.
The usual stages of disciplinary procedure are:
 The quiet word.
 Formal verbal warning.
 Written warning.
 Possible demotion, transfer, suspension.
 Dismissal with notice.
 Instant dismissal.
Usually after the written warning stage the matter will be handled by the
Company’s Personnel or Human Resources Department.
It is of vital importance that the company rules are rigorously followed as any
deviation could result in claims for unfair or constructive dismissal.
In dealing with disciplinary matters the SWI must:
 Act promptly.
 Mean what he says.
 Treat everyone fairly and as an adult.
 Avoid constant complaining on petty issues.
Where there are serious breaches of company rules by one or two people the
rest of the workforce should be informed of the matter so that rumour and
counter-rumours can be quashed.
Some matters of discipline may well arise because of incorrect working
practices, passing off below quality work, signing for work which has not been
done, etc.
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	15. In all such  cases the SWI will need to carry out an investigation and apply
disciplinary sanctions to the personnel involved.
To do this:
 First establish the facts – by interviewing staff, from the relevant records,
by having rechecks on part of the job.
 If any suspicions are confirmed, transfer/remove suspect personnel from
the job pending disciplinary proceedings. If the personnel are employed by a
sub-contractor then a meeting with the sub-contractor will be needed to
achieve the same end.
 Find out the extent of the problem, is it localised or widespread?
 Is there need to inform the customer and third party inspector?
 Formulate a plan of action, with other company departments where
necessary, to retrieve the situation.
 Carry out the necessary disciplinary measures on the personnel involved.
 Convene a meeting with the rest of the workforce to inform them of the
situation and ensure that any similar lapses will be dealt with severely.
 Follow up the meeting with a written memo.
1.12 Summary
The Senior Welding Inspector’s role can be varied and complex, a number of
skills need to be developed in order for the individual to be effective in the role.
Every Senior Welding Inspector will have personal skills and attributes which
can be brought to the job, some of the skills identified above may already have
been mastered or understood. The important thing for the individual to
recognise is not only do they have unique abilities which they can bring to the
role, but they also need to strive to be the best they can by strengthening
identifiable weak areas in their knowledge and understanding.
Some ways in which these goals may be achieved is through:
 Embracing facts and realities.
 Being creative.
 Being interested in solving problems.
 Being pro-active not reactive.
 Having empathy with other people.
 Having personal values.
 Being objective.
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	17. 2 Welded Joint  Design
This section is principally concerned with structures fabricated by welding steel
plates together, examples include bridges, ships, offshore platforms, pressure
vessels and pipelines, although in some cases this may involve welding curved
plates together.
This section introduces typical joint geometries involved in joining plates
together and describes the types of weld used in these joint configurations with
typical features of butt and fillet welds described. For the structure to function
loads must be transferred from one plate to another and the features of welds
that enable them to transmit loads are described. Finally, some examples of
good and bad design practice are given.
2.1 Welds
A weld is a permanent union between materials caused by the application of
heat, pressure or both and if made between two faces approximately parallel is
known as a butt weld.
Figure 2.1 Butt weld.
A weld made between two faces that are approximately at right angles to each
other is known as a fillet weld.
Figure 2.2 Fillet weld.
For simplicity these diagrams show an arc welding process that deposits filler
weld metal in a single weld pass. Typical features of a butt weld are shown in
Figure 2.3 and those of a fillet weld in Figure 2.4.
The weld or weld metal refers to all the material that has melted and re-
solidified. The heat-affected zone (HAZ) is material that has not melted but
whose microstructure has been changed as a result of the welding. The fusion
line is the interface between the weld metal and the HAZ.
WIS10-30816
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	18. The root is  the bottom of the weld or narrowest part and the face is the top or
widest part. At the corners of the weld cross section where the weld metal joins
the parent metal are the weld toes. These are at each corner of both the weld
face and weld root in a butt weld but only on the weld face in a fillet weld.
a
b
Figure 2.3 Typical features of a:
Butt weld.
a
Double-sided butt weld.
b
Fusion line
Parent
metal
Weld metal Weld toe HAZ
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	19. Figure 2.4 Typical  features of a fillet weld.
The application of heat naturally causes some changes to the microstructure
parent material, the HAZ shown in Figure 2.5 for a butt weld in steel with
similar HAZs developed in the parent material of fillet welds. Close to the fusion
line the temperature in the HAZ has been sufficient to cause microstructural
phase changes, which will result in recrystallisation and grain growth. Further
away from the fusion line the parent material has been heated to a lower
maximum temperature and the parent microstructure is tempered.
Figure 2.5 HAZs in a butt weld.
The distance between weld toes is the weld width. When the distance is
between the toes at the weld cap it is the weld cap width, the distance between
the toes at the root is the weld root width.
Solid-liquid boundary
Maximum
temperature
Solid
weld
metal
Grain growth zone
Recrystallised zone
Partially transformed zone
Tempered zone
Unaffected base material
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	20. The height of  the additional weld metal in the weld cap is the excess weld metal
which used to be called reinforcement which wrongly suggests that increasing
this dimension will strengthen the weld. If the excess weld metal is too great it
increases the stress concentration at the weld toe and this extra weld metal is
called the excess root penetration.
Figure 2.6 Definitions on a butt weld.
2.2 Types of joint
A joint can simply be described as a configuration of members and can be
described independently of how it is welded. Figures 2.7 and 2.8 show the most
common joint types - butt and T joint. Other typical joint types are shown in
Figures 2.9-2.11; lap, cruciform and corner joint. When designing a lap joint the
overlap between the two plates needs to be at least four times the plate
thickness (D = 4t), but not less than 25mm.
Figure 2.7 Butt joint.
Figure 2.8 T joint.
Excess
weld metal
Weld width
Excess root
penetration
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	21. Figure 2.9 Lap  joints.
Figure 2.10 Cruciform Joint Figure 2.11 Corner joint.
An alternative to a conventional lap joint is to weld the joint using plug or slot
welding, shown in Figure 2.12 showing the typical lap joint can be drastically
altered. The hole for a slot weld should have a width at least three times the
plate thickness and not less than 25mm. In plate less than 10mm thickness, a
hole of equal width to the plate thickness can be welded as a plug weld.
a b
Figure 2.12:
Slot welded lap joint.
a
Plug welded lap joint.
b
Corner joints can be fitted and welded in a number of ways. The unwelded
pieces can be assembled either with an open corner or closed together. The
weld can be on the external or internal corner or both in a double-sided weld.
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	22. Figure 2.13 Different  types of corner joints, unwelded and welded.
2.3 Fillet welds
The throat and leg length of a fillet weld are shown in Figure 2.14. Throat size a
is generally used as the design parameter since this part of the weld bears the
stresses and can be related to leg length z by the following relationship: a ≈
0.7z and z ≈ 1.4a.
Figure 2.14 Leg length z and throat size a in a fillet weld.
This is only valid for mitre fillet welds having similar leg lengths (Figure 2.15),
so is not valid for concave, convex or asymmetric welds. In concave fillet welds
the throat thickness will be much less than 0.7 times the length. The leg length
of a fillet weld is often approximately equal to the material thickness. The actual
throat size is the width between the fused weld root and the segment linking
the two weld toes, shown as the red line in Figure 2.16. Due to root penetration
the actual throat size of a fillet weld is often larger than its design size but
because of the unpredictability of the root penetration area, the design throat
size must always be taken as the stress parameters in design calculations.
Open Closed
Double-sided corner joint
Internal corner joint
External corner joint
Throat a
Leg
Leg z
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	23. Figure 2.15 Mitre  fillet weld. Figure 2.16 Design throat of a fillet weld.
Figure 2.17 Fillet weld cross-sections.
Figure 2.18 Definition of design and actual throat in concave and convex fillet
welds.
z
z
a
Convex fillet weld
Concave fillet weld
Mitre fillet weld
Actual
throat
Design throat
Design throat =
actual throat
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	24. The choice between  mitre weld, concave and convex fillet weld needs to
account for the weld toe blend. A concave fillet weld gives a smooth blend
profile and a low stress concentration at the fillet weld toe. Convex fillet welds
can have a higher stress concentration at the weld toe. If the fluidity of the
weld pool is not controlled it is possible to obtain an asymmetrical fillet weld
where the weld pool has sagged into the joint preparation and there is also a
risk of undercut on the bottom weld toe (see Figure 2.19). Having a smooth toe
blend is important to give better fatigue performance for fillet welds.
Figure 2.19 Fillet weld toe blends.
2.4 Butt welds
The design throat t1 of a butt weld is the penetration depth below the parent
plate surface and no account is made of the excess weld metal. The design
throat is therefore less than the actual throat t2.
Figure 2.20 Design throat t1 and the actual throat t2 for butt welds.
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	25. The weld toe  blend is important for butt welds as well as fillet welds. Most codes
state that weld toes shall blend smoothly, leaving it open to individual
interpretation. The higher the toe blend angle the greater the amount of stress
concentration. The toe blend angle ideally should be between 20-30 degrees
(Figure 2.21).
Figure 2.21 Toe blend in butt welds.
2.5 Dilution
When filler and parent material do not have the same composition the resulting
composition of the weld depends largely on the weld preparation before
welding. The degree of dilution results from the edge preparation and process
used; the percentage of dilution (D) is particularly important when welding
dissimilar materials and is expressed as the ratio between the weight of parent
material melted and the total weight of fused material (multiplied by 100 to be
expressed as a percentage), as shown:
100
material
fused
of
weight
Total
melted
material
parent
of
Weight
D ×
=
Low dilutions are obtained with fillet welds and with butt welds with multiple
runs. For a single pass better dilution is obtained with grooved welds, see
Figure 2.22.
Poor weld toe blend angle
Improved weld toe blend angle
6mm
3mm
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	26. Figure 2.22 Effect  of weld preparation on dilution and weld metal composition
(for a single pass only).
2.6 Welding symbols
On engineering drawings a welded joint can be represented by different means.
A detailed representation shows every detail and dimension of the joint
preparation with carefully written, extensive notes. It provides all the details
required to produce a particular weld in a very clear manner but requires a
separate detailed sketch (time consuming and can overburden the drawing).
For a special weld preparation not covered in the relevant standards (eg narrow
groove welding); it is the only way to indicate the way components are to be
prepared for welding or brazing.
Figure 2.23 Detailed representation of U bevel angle.
Symbolic representation using weld symbols can specify joining and inspection
information and the UK has traditionally used BS 499 Part 2 which has been
superseded by BS EN ISO 2553. In many welding and fabrication organisations
use old drawings that reference out of date standards such as BS 499 Pt 2.
BS EN ISO 2553 is almost identical to the original BS EN ISO 2553
standard on which it was based. In America AWS A2.4 is followed, while
symbols for brazing are given in EN 14324.
8-12°
≈R6
1-3
1-4
R6
8mm
8-12
Fillet welds Single V groove weld Square groove weld
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	27. The advantages of  symbolic representation are:
 Simple and quick to visualise on the drawing.
 Does not overburden the drawing.
 No need for additional views as all welding symbols can be placed on the
main assembly drawing.
 Gives all necessary indications regarding the specific joint to be obtained.
Symbolic representation can only be used for common joints and requires
training to understand the symbols. Symbolic representation of a welded joint
contains an arrow line, a reference line and an elementary symbol. The
elementary symbol can be complemented by a supplementary symbol. The
arrow line can be at any angle (except 180 degrees) and can point up or down.
The arrow head must touch the surfaces of the components to be joined and
the location of the weld. Any intended edge preparation or weldment is not
shown as an actual cross-sectional representation but as a line. The arrow also
points to the component to be prepared with single prepared components.
Figure 2.24 Symbolic representation of U bevel angle.
BS EN ISO 2553 and AWS A2.4 list all the main elementary symbols, some
examples are shown in Table 2.1. The symbols for arc welding are often shown
as cross-sectional representations of a joint design or completed weld.
Simple, single edge preparations are shown in Figure 2.25.
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	28. Table 2.1 Elementary  weld symbols.
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	29. Figure 2.25 Welding  symbols for the most common joint types shown on a
reference line.
These simple symbols can be interpreted as either the joint details alone or the
completed weld. For a finished weld it is normal for an appropriate weld shape
to be specified. There are a number of options and methods to specify an
appropriate weld shape or finish. Butt welded configurations would normally be
shown as a convex profile (Figure 2.26 a, d and f) or as a dressed-off weld as
shown in b and c. Fillet weld symbols are always shown as a mitre fillet weld
and a convex or concave profile can be superimposed over the original symbol's
mitre shape.
Figure 2.26 Welding symbols showing the weld profile for the most common
joint types.
So the correct size of weld can be applied it is common to find numbers to the
left or right of the symbol. For fillet welds numbers to the left indicate the
design throat thickness, leg length or both (Figure 2.27).
Key:
= single V butt joint.
a
= double V butt joint.
b
= single bevel butt joint.
c
= double bevel butt joint.
d
= single sided fillet weld.
e
= double sided fillet weld.
f
Key:
a = single V butt weld with convex profile.
b = double V butt weld flushed off both sides on weld face.
c = single bevel butt weld flushed off both sides on weld face.
d = double bevel butt convex (as welded).
e = concave fillet weld.
f = double sided convex fillet weld.
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	30. Figure 2.27 Throat  and leg length dimensions given on the weld symbol for a
fillet weld.
For butt joints and welds an S with a number to the left of a symbol refers to
the depth of penetration. When there are no specific dimensional requirements
specified for butt welds on a drawing using weld symbols, it would normally be
assumed that the requirement is for a full penetration butt weld. Numbers to
the right of a symbol or symbols relate to the longitudinal dimension of welds,
eg for fillets the number of welds, weld length and weld spacing for non-
continuous welds.
Figure 2.28 Weld symbols showing the weld length dimensions to the right of
the weld joint symbols for an intermittent fillet weld.
Supplementary symbols can be used for special cases where additional
information is required (Figure 2.29). The weld all round symbols may be used
for a rectangular hollow section (RHS) welded to a plate, for example. The flag
symbol for weld in the field or on site can be added to any standard symbol. A
box attached to the tail of the arrow can contain or point to other information
such as whether NDT is required. This information is sometimes the welding
process type given as a three number reference from BS EN ISO 4063, for
example 135 refers to MAG welding.
a7 z 10
a7 z 10
WIS10-30816
Welded Joint Design 2-14 Copyright © TWI Ltd
 


	31. Figure 2.29 Examples  of supplementary symbols.
2.7 Welding positions
In weld procedure documents and engineering drawings the type and
orientation of welds are often given a two letter abbreviation which defines
them which can vary depending on the standard the welds are conforming to.
The abbreviations here are consistent with BS EN ISO 6947 and are
summarised in Table 2.2.
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	32. Table 2.2 Welding  positions.
Welding position Figure/symbol Abbreviation
Flat PA
Horizontal PB
Horizontal vertical PC
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	33. Welding position Figure/symbol  Abbreviation
Vertical up,
vertical down
PG/PF
Overhead PE
Horizontal
overhead
PD
2.8 Weld joint preparations
The simplest weld joint preparation is a square edged butt joint, either closed or
open. A closed butt joint is used in thick plate for keyhole welding processes
such as laser or electron beam welding (EBW). A square edged open butt joint
is used for thinner plate up to 3mm thickness for arc welding in a single pass or
in thick plate for welding processes such as electroslag welding.
Figure 2.30 Square edge butt joints.
Square edge
closed butt
Square edge
open butt
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	34. It is normal  to use a bevel on the edges of the parent metal to be welded to
allow access to the root for the first welding pass which is filled using fill passes.
Single-sided preparations are normally made on thinner materials or when
access from both sides is restricted. Double-sided preparations are normally
made on thicker materials or when access from both sides is unrestricted.
Edge preparation design includes the bevel angle (or included angle if both
sides are bevelled) and also the square edges root face and root gap. In a joint
where both sides are bevelled the preparation is termed a V or vee preparation
(Figure 2.31). V preparations are usually used for plate of 3-20mm thickness.
An alternative is a U preparation (or J preparation if only one side has the edge
preparation) where the edge is machined into the shape of a U. This is used in
thicker plate, over 20mm thickness, where it uses less filler metal than a V
preparation joint. J or U edge preparations also require a bevel angle and root
face, the gap to be defined, a root radius and land to be specified (Figure 2.32).
Single-sided edge preparations are often used for thinner materials or when
there is no access to the root of the weld (pipelines). If there is access to both
sides of the material then a double-sided edge preparation is used, especially
for thicker materials. Single and double edge preparations are shown in Figure
2.33.
Figure 2.31 Single V bevel.
Figure 2.32 U bevel.
Bevel angle
Included angle
Root face
Gap
Included angle
Bevel
angle
Gap
Root radius
Land
Root
face
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	35. Figure 2.33 Range  of single and double-sided bevel, V, J and U preparations.
2.9 Designing welded joints
Weld joint design selection will also be influenced by practical issues such as the
welding process used and the access required to obtain root fusion. The bevel
angle must allow good access to the root and sufficient manipulation of the
electrode to ensure good sidewall fusion (Figure 2.34). If the included angle is
too large then heavy distortions can result and more filler metal is required. If
the included angle is too small there is a risk of lack of penetration or lack of
sidewall fusion. Typical bevel angles are 30-35 degrees in a V preparation (60-
70 degrees included angle). In a single bevel joint the bevel angle might be
increased to 45 degrees.
Figure 2.34 Bevel angle to allow electrode manipulation for sidewall fusion.
The root gap and face are selected to ensure good root fusion (Figure 2.35).
This will depend on the welding process and heat input. If the root gap is too
wide or root face too narrow there is a risk of burn through. If the root gap is
too narrow or root face is too deep there is a risk of lack of root penetration. A
balance must be found and designed for; this difference in weld root size is
shown in Figure 2.36. High heat input processes require a larger root face but
less weld metal which reduces distortions and increases productivity. Typical
values for the root face are 1.5-2.5mm and the root gap 2-4mm.
Single V Double V
Double Bevel
Single Bevel
Single J Single U Double J Double U
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	36. Figure 2.35 The  importance of selecting the correct root face and gap.
a b
Figure 2.36 Root size for welding processes with different heat inputs:
Low heat input.
a
High heat input.
b
If the components are to be joined by an arc welding process the selected
bevels need to be adequately machined to allow the welding tool to access the
root of the weld. This consideration would not apply for a procedure such as
EBW as shown in Figure 2.37. If using gas-shielded processes then the size of
the gas nozzle may limit the ability to use a J preparation for thick section
material as it would be difficult to ensure good root fusion if the welding head
could not access the bottom of the weld groove and a single bevel may be
needed instead (Figure 2.38).
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	37. a b
Figure 2.37  Preparation differences between:
Arc.
a
Electron beam welding.
b
a b
Figure 2.38 Using gas-shielded arc welding:
Difficulties of root access in a J preparation.
a
Improved design using a bevel preparation.
b
Choosing between a J or U preparation and a bevel or V preparation is also
determined by the costs or producing the edge preparation. Machining a J or U
preparation can be slow and expensive. Using this joint design also results in
tighter tolerance which can be easier to set-up. A bevel or V preparation can be
flame or plasma cut fast and cheaply resulting in larger tolerances, meaning
that set-up can be more difficult.
Backing bar or strip is used to ensure consistent root fusion and avoid burn
through. Permanent backing bar (rather than one removed after welding), gives
a built-in crevice which can make the joints susceptible to corrosion (Figure
2.39). When using backing for aluminium welds any chemical cleaning reagents
must be removed before assembling the joint. A backing bar also gives a lower
fatigue life.
Figure 2.39 Using a backing bar for a butt weld.
Separate from the design of the joint and weld access to weld locations and the
order in which welds are made are important. Figure 2.40 shows examples of
the limitations of access in designing welded joints and gives improved designs.
It is important to ensure that it is indeed possible to make welds as required by
the drawing.
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	38. Figure 2.40 Examples  of improved weld designs where there is limited access.
2.10 Summary
You should now:
 Be able to label the parts of a butt and fillet weld and of a V and U edge
preparations.
 Recognise welding symbols and know what they mean.
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	39. 2‐1
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Section 2
Welded Joint Design
Copyright © TWI Ltd
 What determines joint Design?
 Weld features.
 Types of welded joints.
 Welding symbols.
 Weld positions.
 Weld bevels.
 Designing welded joints.
Outline
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Weld
A permanent union between materials caused by
heat, and or pressure (BS499).
Types of Welds
Fillet weld
Butt weld
Copyright © TWI Ltd
Fillet welds
Fillet Welds
Leg size
Throat size
Leg
Leg
Throat
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Butt Joint Preparations
Square Edge
Closed Butt
Square Edge
Open Butt
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Single sided preparations are normally made on thinner
materials, or when access from both sides is restricted
Single Sided Butt Preparations
Single bevel Single V
Single-J Single-U
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Double Sided Butt Preparations
Double sided preparations are normally made on thicker materials, or
when access form both sides is unrestricted
-Vee
Double
-Bevel
Double
- J
Double - U
Double
Copyright © TWI Ltd
Joint Preparation Terminology
Root Gap
Root Face Root Face
Root Gap
Root
Radius
Single bevel butt Single-J butt
Angle of bevel Angle of bevel
Land
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Joint Preparation Terminology
Included angle
Root gap
Root face
Angle of
bevel
Root face
Root gap
Included angle
Root
radius
Single-V butt Single-U butt
Copyright © TWI Ltd
Design, fatigue life expectancy, loading types
Full penetration butt weld gives better life
expectancy compared to partial penetration and
compound weld gives better performance than a
fillet weld.
What determines welded joint design?
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Welding process
 Open root runs with SAW. (Difficult unless
backing is used or closed)
 Closed square edge butt joints key hole
Plasma and Electron Beam. (Key hole
technique used)
 Thin wall S/S Dairy pipe closed square edge
butt joint TIG.
 Access for large welding heads U butts.
 Positional welding with SAW.
What determines welded joint design?
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Material thickness
 Butt welds, generally, as material gets thicker
single preparations become double
preparations. (Dependent on access)
 Butt welds, generally as material gets thinner,
root gaps close.
 T joints, generally as material gets thicker, the
vertical plate is prepared. (Compound weld)
What determines welded joint design?
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Quality
Root penetration is guaranteed if backing is
used, ceramic or a material that won’t fuse,
shaped to produce a particular profile.
What determines welded joint design?
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Quality
To ensure that root defects are minimised, back
gouge and check via NDT, MPI/Dye pen.
What determines welded joint design?
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Access impacts upon weld preparation
Access and Weld preparations
Copyright © TWI Ltd
Welding position
Preparation for
horizontal welding
using the submerged
Arc welding process
What determines welded joint design?
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Welding position
What determines welded joint design?
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Weld volume
 A U butt between 20-30% less weld volume
than a V Butt.
 The benefits could be reduced costs, reduced
residual stress and reduced distortion.
 The disadvantages of the U is the additional
preparation costs of machining although fit up
conditions improve.
What determines welded joint design?
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Weld volume
 A double V has less weld volume than a single V.
 A double V, therefore will reduce cost, reduce
distortion and stress and should guarantee
higher quality.
 Disadvantage of the double V, access to both
sides required.
What determines welded joint design?
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Distortion control
Double V butt Asymmetrical V butt
 The asymmetrical V butt, ⅓,
ଶ
ଷ
is often used to
control distortion. The smaller v is completed
first.
What determines welded joint design?
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Distortion control
The U butt has significantly less liquid metal and a more
even distribution of weld metal in the upper most regions
than the V butt. Therefore, greater shrinkage and
distortion occurs with the V butt.
What determines welded joint design?
Shrinkage
Shrinkage
Copyright © TWI Ltd
Level of penetration
What determines welded joint design?
Full penetration Partial penetration
Copyright © TWI Ltd
Level of penetration
Full penetration Less penetration
What determines welded joint design?
Small root face Large root face
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Gas purging of pipes
It is much easier to regulate the gas purge if the
joint is closed.
What determines welded joint design?
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Nozzles connect a pressure
vessel with other components
Type of nozzle depends on
 Diameter/thickness ratio of the shell.
 Diameter/thickness ratio of the nozzle.
 Access (one side only or both sides).
 Type of joint required (partial/full pen).
 Groove preparation methods available.
Nozzles
Copyright © TWI Ltd
 Shorter nozzle is cheaper.
 Easy to make groove for full or
partial penetration.
 Single side welding in 2G/PB
position means high welder skill
is required.
 Through thickness stress means
danger of lamellar tearing.
 Can be difficult to UT especially
on smaller diameters.
 Mainly used for small (<2inch
diameter) nozzles, or thick wall
or large diameter vessels.
 May require reinforcement.
 Extra cost to shape nozzle to
radius of shell.
Set-On Nozzle
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Set-On Nozzle
Copyright © TWI Ltd
 1G/PA position much easier.
 Groove prep can be flame cut.
 No danger of lamellar tearing.
 Easy access to the back side of
root, so full penetration is easier
to achieve.
 For nozzles with small diameters
no need for reinforcement.
 Nozzle body needs to be longer.
 Greater weld volume means
higher distortions.
 Can be hard to UT on smaller
diameters, usually easy to inspect.
 Used for larger diameter nozzles,
and thinner walled small diameter
vessels.
Set-Through Nozzle
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To compensate for loss in strength, we can
reinforce either the shell or nozzle
Reinforcement or Compensation
Reinforcing ring/
Compensating plate
Long neck
nozzle
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Welded insert, consumable socket
ring (CSR) or EB insert, used on small
bore pipework where consistent root
penetration is required.
Sweepolet, shaped to fit radius of
shell, butt welded to shell with a butt
joint on the vertical stem.
Less known joint designs
What determines welded joint design?
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Narrow Gap Joint
Copyright © TWI Ltd
Narrow Gap Welding Head
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As a Senior Welding Inspector you are assigned
to the fabrication of a C/Mn pressure vessel.
The vessels main barrel thickness and dished
ends are 25mm wall thickness, all nozzles (set in
and set on), man ways 20mm thickness.
During the fabrication and welding your main
concerns are distortion control, joint design, and
all other quality aspects.
Joint Design
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You notice that the joint preparations are not
shown on the Engineering drawing for a set in
nozzle attachment. Which of the following
preparations would be suitable when a full
penetration weld was required?
a. Single bevel butt joint
b. Fillet joint
c. Lap joint
d. Corner weld
Question 1
Copyright © TWI Ltd
You notice that the joint preparations are not
shown on the Engineering drawing or the WPS.
In the case of a set on nozzle attachment which
of the following joint preparations would be the
most suited?
a. Open corner joint
b. Fillet joint
c. Single bevel butt joint
d. Single V butt joint
Question 2
Copyright © TWI Ltd
The fabricator suggests to you that it would be much more
cost effective to weld up the pressure vessel from the out
side only without any back gouging. The WPS shows all the
main barrel sections and dished end to barrel joints are full
penetration butt welds, welded by the SAW welding process,
back gouged root from the inside, welded with the MMA
process. Would you agree with his suggestions?
a. Yes, SAW welding can be used from one side providing
the root gap is greater than 3mm
b. Yes, SAW welding can be used from one side and would
provide a much stronger joint when compared to a back
gouged joint
c. No, SAW welding would never be considered on any
material <50mm thickness
d. No, the SAW welding process can’t be used on a open
root joint welded from one side only
Questions 3
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When considering distortion, which of the
following butt weld preparations would be the
most suited for the longitudinal welded main
barrel joints?
a. Double U but weld
b. Single V butt weld
c. Single U butt weld
d. All options would produce the same amount
of distortion
Question 4
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The fabricator proposes to you that he wishes to
reduce the bevel angle from 45° to 30° on the
set on nozzle joints. Which of the following
issues may occur if this was permitted?
a. The reduction in bevel angle may result in an
increase in distortion
b. The reduction in bevel angle may result in a
greater risk of lack of fusion and would not be
compliant with the specification
c. The reduction in bevel angle would result in
requalification of all the welders
d. All options may apply
Question 5
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Which distortion control technique is referenced
in the TWI specification?
a. Raised heat input technique
b. Back welds
c. Back skip welding
d. Full penetration welds
Question 6
Copyright © TWI Ltd
In accordance with the TWI Specification would it
be permissible to hard stamp the vessel’s
material for the purpose of material
identification?
a. Yes, any hard stamping is permitted providing
the information is on both ends of the material
b. No, hard stamping isn’t allowed in any
situation
c. Yes, hard stamping is permitted providing a
low stress concentration die is used.
d. No options are correct
Question 7
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During fit-up you notice that the longitudinal seams
have two different bevel angles on one joint, top
bevel 50°, bottom bevel 15°. Is this permitted in
accordance with TWI Specification?
a. No, under no situation shall different bevel
angles be permitted on a single V joint
b. Yes, providing the joint is welded either in the
overhead or vertical horizontal positions
c. No, the bevel angles stated are out of
specification
d. Yes, As long as there is access this would be
acceptable
Question 8
Copyright © TWI Ltd
While inspecting the completed vessel, you
notice that some of the longitudinal seams on
the main barrel section are in line with each
other, ie not offset:
a. This would be permitted providing the linear
misalignment doesn’t exceed 1.5mm
b. This is not permitted all longitudinal seams
shall be off set to each other by 90°
c. The TWI Specification makes no mention of
this requirement
d. This would be permitted providing the angular
misalignment doesn’t exceed 3°
Question 9
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The fabricator wishes to reduce welding time and
distortion on the longitudinal and circumferential
welds, which of the following will best achieve
this?
a. Single V butt joints, welded by the MMA
process
b. Double V butt joints, welded by the SAW
process
c. Double U butt joints, welded by the SAW
process
d. Heterogeneous welds
Question 10
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3 Quality Assurance and Quality Control
3.1 Definitions
Before we consider what quality assurance and quality control are, let us first
define quality. This is best described as the fitness-for-purpose of a product,
service or activity.
Quality assurance comprises all the planned and systematic actions necessary
to provide adequate confidence that a product or service will satisfy given
requirements for quality. Quality control is described as the operational
techniques and activities that are used to fulfil requirements for quality.
Quality assurance therefore encompasses the plans and systems by which
confidence in a product is provided, ie all of the paperwork used to plan, control
and record activities: the documentation.
Quality control describes the activities which monitor the quality of the product.
These operational techniques include materials and dimensional checks,
inspection before, during and after welding, non-destructive testing, hydraulic
or leak testing, ie activities which check after the event that a specified activity
has been carried out correctly.
Quality assurance has been introduced to ensure that the activity ‘gets it right
the first time’, based on the principle that prevention is better than cure. This
can be achieved by planning and anticipating problems.
In order to satisfy this requirement, a documented quality system is needed
which sets out in a formal framework the basis of control for the critical
activities. This framework generally comprises four tiers of documentation, the
highest tier being the company quality manual, followed by quality systems,
quality plans and detailed manufacturing and inspection instructions.
3.1.1 Quality system
A quality system can be defined as:
The organisation structures, responsibilities, procedures, processes and
resources for implementing quality management.
The quality manual and support procedures document an organisation's quality
system.
3.1.2 Quality manual
A quality manual can be defined as:
A document setting out the general quality policies, procedures and practices of
an organisation.
The word ‘general’ is important in this definition. The quality manual is usually
the first indication a purchaser or prospective client has of a company's
approach to quality. This document should contain a statement of the
company's total commitment to quality by means of a quality policy statement
signed by the Chairman, MD or Chief Executive of the company. This policy
statement should be prominently displayed within the company.
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3.1.3 Procedure
A procedure can be defined as:
A document that describes how an activity is to be performed and by whom.
Note: A procedure is not a detailed work instruction such as a welding
procedure, but rather a statement of who does what and how: it describes the
corporate plan for achieving quality. However, there may be times when an
organisation needs to operate in a different way from the corporate system, for
example for a unique project or to satisfy a specific customer's requirements.
In these circumstances, an appropriate quality system can be documented in
the form of a project off-contract specific quality plan.
3.1.4 Quality plan
A quality plan can be defined as:
A document setting out the specific quality practices, resources and sequence of
activities relevant to a particular product, service, contract or project.
A quality plan is the corporate quality system suitably modified to reflect
specific equipments. It may comprise a project quality manual incorporating
appropriate sections from the corporate quality manual which apply. It is
generally a detailed document.
Project procedures may include:
 Existing procedures appropriate to the contract.
 Existing procedures amended for the contract.
 New procedures to meet new specific requirements of the contract.
Some contracts may well call for a combination of all three.
3.2 Quality system standards
Quality system standards specify the minimum requirements of quality systems
for application to specific products or services.
Standards are normally used for the following purposes:
 As guidance to an organisation introducing quality assurance.
 As a basis for evaluating an organisation's quality system (assessment).
 To specify the quality assurance requirements when invoked in a contract.
The most common standard in the UK is ISO 9000.
3.2.1 Quality records
A quality record is any document that specifies the inspection performed,
quantities inspected, results obtained, positive identification of the material
inspected to drawing or part number, the signature or stamp of the person
carrying out the inspection and date of inspection. Quality records may also
indicate the qualifications of personnel, calibration of equipment or other
records not directly related to the product.
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Questions that need to be addressed include:
 What quality records are to be maintained, eg received inspection reports,
NDT results, test certificates, final inspection reports and non-conformance
reports (including any feedback or corrective action generated)?
 Where are the records filed and by whom?
 How long are the quality records retained?
 Are the quality records available to the customer for analysis and review?
 Are records easily retrievable?
 Is a suitable environment available to minimise deterioration or damage to
stored records?
3.2.2 Typical quality record contents
The Quality Record Package for a welded product is defined specifically for each
contract, but should include the following types of information:
a Records of stage inspections in the form of check sheets or quality plans.
b Non-conformity reports and concession records.
c Where appropriate, as-built drawings.
d Welding procedures.
e Welder approvals.
f Welding consumable records.
g Weld history records.
h NDT reports.
i Heat treatment records.
j Hydraulic and/or other testing records.
k Where appropriate, material test certificates.
l Final acceptance certificates.
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3.2.3 What areas of a business need to be covered by ISO 9001?
ISO 9001 requires the following elements of a business to have set procedures:
 Management responsibility - who is responsible for what?
 Quality system - how does the system operate?
 Contract review - allows personnel to see what the requirement is and who
has been asked to do what.
 Design review and control - ensures smooth passage from drawing board to
end product.
 Documentation controls - make sure the correct documents are available.
 Purchasing - make sure the right products and services are available.
 Purchaser supplied product - make sure that purchased items are in a
satisfactory condition.
 Product identification and traceability - what is it and where is it?
 Process control - lets everyone know clearly how to make the product.
 Inspection and test - describes how to inspect and test the product.
 Inspection, measuring and test equipment - make sure the equipment used
is correct.
 Inspection and test status - where is the product in the inspection cycle?
 Control of non-conforming product - ensures incorrect product is not used.
 Corrective action - finds the root cause of the problem and solves it.
 Handling, storage, packing and delivery - don't damage it now it's made.
 Quality records – fulfils the need for documented evidence that the company
meets specific requirements.
 Internal quality audits - are quality activities performed as planned?
 Training – the product cannot be manufactured effectively if people are not
adequately trained and qualified.
 Servicing - if carried out by the company, effective procedures are required.
 Statistical techniques - used to build-in product quality.
3.3 Auditing and documentation
Quality manuals, procedures, work instructions etc provide objective evidence
that the systems of control have been adequately planned.
The records and documentation generated by carrying out work in accordance
with these systems provide the evidence that the systems are being followed by
all. Systems of control, no matter how effective they are, will tend to
deteriorate because of human errors being made or perpetuated or due to
changes in the nature of the business.
In order to ensure that the systems are effective and being followed, as well as
to determine if changes are needed, it is necessary to monitor the systems.
This is achieved by auditing them and reviewing the results of the audit in order
to implement any changes.
3.3.1 What is an audit?
Quality audits examine a quality system for adequacy and correct
implementation.
They are defined in BS 4778 Part 1 as:
Systematic and independent examinations to determine whether quality
activities and related results comply with planned arrangements and whether
these arrangements are implemented effectively and are suitable to achieve
objectives.
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Auditing is carried out to provide objective evidence that the system is working
in accordance with the procedures. When an audit is complete the results are
analysed by management who must ensure that the quality policy is satisfied
and modify the quality system if necessary.
3.3.2 Which type of audit?
There are two levels of audit:
 A systems audit, which is quite superficial and simply examines the system
to confirm that it follows the quality manual and that procedures are in
place.
 A compliance audit, which is an in-depth audit examining compliance with
procedures.
3.3.3 Auditing of documentation
A documentation audit is regarded as being a compliance audit, where
documentation is examined in depth.
Items to check in such an audit should include:
 Is all the documentation available?
 Is the documentation schedule in accordance with contract or specification
requirements?
 Does the documentation itself comply with contract or specification
requirements? For example, are the weld procedure and welders correctly
qualified?
 Is the material composition correct?
 Is the documentation legible?
 Have all the interested parties, eg inspection department, independent third
party inspectors and client inspectors, signed off where required?
 Have provisions been made for storage (which includes the ability to
retrieve documents and storage conditions preventing deterioration)?
Documentation audits should be carried out by the manufacturer/supplier as a
matter of course.
Customers will also frequently require access to carry out their own audits.
Remember that no job is finished until the paperwork is complete.
Failure of a documentation audit carried out by a client will often result in a
delay in payment, even though the component may have been delivered to the
client. There can often be a consequential financial penalty.
3.4 Quality requirements for welding
Within the international community, welding has been defined as a special
process which means that it must be controlled by specialist management and
utilise specialist personnel.
The welding co-ordination BS EN ISO 14731 and welding quality systems
standards BS EN ISO 3834 have been prepared in support of this ruling.
It is perceived that these standards will serve as references for other
application standards and be used as set criteria for the qualification of
fabricators.
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Currently there are a number of European Standards or codes that refer to
BS EN ISO 3834:
 EN 13445:2002: Unfired pressure vessels.
 prEN 15085: Railway applications – Welding of railway vehicles and
components.
 prEN 1090: Execution of steel structures.
 EN 12732: 2000 Gas supply systems – Welding steel pipework – functional
requirements.
 EN 12592: 2001 Water tube boilers and auxiliary installations.
 National Structural Steelwork Specification for Building Construction (5th
Edition) (NSSSBC).
It is an increasingly common requirement for the fabricator to have a quality
system compliant with ISO 3834. This is to be specified as a condition of the
customer contract.
3.4.1 Qualification of welding fabricators – BS EN ISO 3834
BS EN ISO 3834 comprises five parts:
Part 1 - Guidance for use
This describes how the standard works.
Part 2 - Quality requirements for welding - Fusion welding of metallic
materials - Comprehensive quality system
This standard is suitable for use by a manufacturer or an assessment body, as a
supplement to ISO 9001 or 9002 providing detailed guidance on the
requirements that must be in place to adequately control welding.
Part 3 - Quality requirements for welding, Fusion welding of metallic
materials - Standard quality system
This standard can be applied where a documented quality system for the
control of welding is required but will not be used in conjunction with ISO 9001
or 9002.
Part 4 - Quality requirements for welding - Fusion welding of metallic
materials - Elementary system
This standard provides criteria appropriate for the control of welding when
either of the following applies:
 A quality system according to ISO 9001 is not to be applied.
 The combination of selected welding processes, procedures and the final
welds are such that documented welding controls have minor importance in
respect to the overall integrity of the product.
Part 5 - Documents with which it is necessary to conform to claim
conformity to the quality requirements of BS EN ISO 3834-2, BS EN ISO
3834-3 or BS EN ISO 3834-4
This lists all other documents or standards that are required for compliance with
BS EN ISO 3834, such as specification and qualification of welding procedures,
approval testing of welders, etc.
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The manufacturer should select one of the three parts (2-4) specifying the
different levels of quality requirements, based on the following criteria:
 The extent and significance of safety-critical products;
 The complexity of manufacture;
 The range of products manufactured;
 The range of different materials used;
 The extent to which metallurgical problems may occur;
 The extent to which manufacturing imperfections, eg misalignment,
distortion or weld imperfection, affect product performance.
This approach offers a cascading qualification; for example, Part 2
(comprehensive) also gives compliance for lower levels.
As previously stated, BS EN ISO 3834 is intended to complement, rather than
conflict with, quality systems established to meet the requirements of ISO 9001
and, in the case of a comprehensive quality system for welding fabrication (Part
2), requires in addition to ISO 9001 that specific procedures are used to control
the following:
1 Review of requirements.
2 Technical review.
3 Sub-contracting.
4 Welders and welding operators.
5 Welding co-ordination personnel.
6 Inspection and testing personnel.
7 Production and testing equipment.
8 Equipment maintenance.
9 Description of equipment.
10 Production planning.
11 Welding procedure specifications.
12 Qualification of welding procedures.
13 Batch testing of consumables (if required by contract).
14 Storage and handling of welding consumables.
15 Storage of parent material.
16 Post-weld heat treatment procedure.
17 Inspection and testing before, during and after welding.
18 Non-conformance and corrective actions.
19 Calibration or validation of measuring, inspection and testing equipment.
20 Identification during process (if required by contract).
21 Traceability (if required by contract).
22 Quality records (if required by contract).
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A company applying for certification to ISO 3834 will usually be required to
complete the following stages:
 Client returns preliminary enquiry.
 Quotation.
 Detailed forms sent to client.
 Assessment team appointed by auditor.
 Preliminary visit by auditor (not mandatory but common) to carry out a gap
analysis.
 Document review by auditor to review procedures against BS EN ISO 3834.
 On-site assessment conducted by auditor to demonstrate that the client has
accrued evidence that procedures are used and that these are overseen by
the welding co-ordination team.
 Assessment recommendations made.
 Certificate issued (5 year validity).
 Surveillance (yearly).
This process, from application to issuing of the certificate, can take months to
complete.
3.4.2 Welding co-ordination
A key part of BS EN ISO 3834 is the definition of responsibilities of the welding
co-ordination personnel. ISO 14731 defines these personnel and the technical
knowledge that they require. The main role falls to the Responsible Welding Co-
ordinator (RWC).
One or more personnel in a company may perform the welding co-ordination
function, but each of the requirements of BS EN ISO 3834 listed above will
require input from the welding co-ordination team.
Table 1 in BS EN ISO 14731 gives guidance for those tasks which may require a
welding co-ordinator input. The technical knowledge required from the co-
ordinator will obviously depend upon the complexity of the product.
The standard defines three levels of knowledge and experience:
1 Comprehensive: Equivalent to the level of an International/European
Welding Engineer.
2 Specific: Equivalent to the level of an International/European Welding
Technologist.
3 Basic: Equivalent to the level of an International/European Welding
Specialist.
It can be seen that the three levels of technical knowledge are defined to match
with the three levels of quality requirements given in Parts 2-4 of BS EN ISO
3834.
The IIW route is not mandatory; there are in fact three possible routes to
demonstrate technical knowledge:
1 IIW qualification and experience (via interview).
2 Interview to assess knowledge without IIW qualification (professional
review in 3834 audit).
3 Sub-contract to an external resource with appropriate knowledge and
experience; again, an interview is required (it would be expected that the
external resource will be familiar with the company applying for certification
and will be contracted to visit regularly).
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3.5 Calibration/validation of welding equipment
Faulty equipment compromises the quality of work. It follows that any
equipment used in production, or for welder and procedure approval tests,
should be in a sound condition in all respects in order to avoid breakdown
during production or testing.
One important point to note is the accuracy of meters and the repeatability of
the machine's controls in relation to output performance. Welding current
connections and return leads on all arc welding equipment should be checked
for tightness prior to commencing welding; failure to do so may lead to voltage
losses affecting arcing conditions.
Where semi-automatic gas shielded processes are used, care should also be
taken to ensure that the wire feeding systems are repeatable and accurate.
Additionally, flowmeters controlling shielding and purging gases are expected to
be calibrated.
This activity is collectively known as validation.
A requirement in many industries during the welding operation is the use of a
calibrated meter(s) to check the welding current, arc voltages, travel speed
and, on occasion, wire feed speed.
In addition, it must be ensured that the welders are using the correct gas, the
electrode wires are of the correct composition and the preheat temperature and
location have been applied in accordance with the welding procedure
requirements.
In the case of manual metal arc (MMA) and submerged-arc welding (SAW),
attention should be paid to any special drying requirements for fluxes or
covered electrodes and also the conditions they are kept in prior to use. The
use of a written procedure for storage and handling of consumables is
recommended and records of humidity and temperature may be required to be
kept.
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The control of quality in a fabrication and welding situation is achieved by
working to company procedures and codes of construction or standards. The
latter may be international, national, company’s own or specific to the particular
client or contract.
Company procedures are usually covered in quality manuals the scope of which
may vary widely depending upon the size of company, its range of work, its
working practices and many other factors.
4.1 Company manuals
4.1.1 Quality assurance manual
Quality assurance is defined in IS0 9000 as; part of quality management
focused on providing confidence that quality requirements will be fulfilled.
Essentially what the QA manual sets out is how the company is organised, to
lay down the responsibilities and authority of the various departments, how
these departments interlink. The manual usually covers all aspects of the
company structure, not just those aspects of manufacture.
4.1.2 Quality control manual
Quality control is defined in ISO 9000 as; part of quality management focused
on fulfilling quality requirements.
The QC manual will be the manual most often referred to by the SWI as it will
spell out in detail how different departments and operations are organised and
controlled.
Typical examples would be: production and control of drawings, how materials
and consumables are purchased, how welding procedures are produced, etc.
Essentially all operations to be carried out within the organisation will have
control procedures laid down.
In particular it will lay down how the Inspection function, whether visual,
dimensional or NDT, will be performed, inspection being defined as the activity
of measuring, examining and testing characteristics of a product or service and
comparing these to a specified requirement. Such requirements are laid down in
codes of practice and standards.
4.2 Auditing
Auditing is a term originating from accountancy practice which involves an
independent accountant checking the accounts of a company to see if the
accounts are fair and accurate. A similar checking process is now widely
practised in manufacturing and construction industries and inspection personnel
will be involved in the carrying out of this operation.
WIS10-30816
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	58. Different types of  audits may be performed:
 Full audit of a company, usually carried out by a third party such as a
Certifying Authority, checking the company for the award of a QA
accreditation system such as ISO 9000 or ASME stamp.
 Major audit by a potential customer prior to placement of a large contract.
This is usually carried out to demonstrate the company has all the
necessary facilities, plant, machinery, personnel and quality systems in
place to enable them to successfully complete the contract.
 Part audits carried out as ongoing demonstration that the quality system is
working properly.
An example of the latter case would be where a Senior Inspector is responsible
for signing-off the data book or release certificate for a product. After checking
that all the necessary documents are in the package and that they have been
correctly completed and approved where necessary, the SWI would look at a
part of the job – a beam, a piece of pipework etc and crosscheck against the
drawings, mill certificates, inspection reports etc that all comply with the job
requirements.
4.3 Codes and standards
It is not necessary for the Inspector to carry a wide range of codes and
standards in the performance of his/her duties. Normally the specification or
more precisely the contract specification is the only document required.
However the contract specification may reference supporting codes and
standards and the inspector should know where to access these normative
documents.
The following is a list of definitions relating to codes and standards which the
Inspector may come across whilst carrying inspection duties
4.3.1 Definitions
Normative document:
Provides rules, guidelines or characteristics for activities or their results.
The term normative document is generic and covers documents such as
standards, technical specifications, codes of practice and regulations.*
Standard
Document established by consensus and approved by a recognised body.
A standard provides, for common and repeated use, guidelines, rules, and
characteristics for activities or their results, aimed at the achievement of the
optimum degree of order in a given context.*
Harmonised standards
Standards on the same subject approved by different standardising bodies, that
establish interchangeability of products, processes and services, or mutual
understanding of test results or information provided according to these
standards*
WIS10-30816
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	59. Code of practice
Document  that recommends practices or procedures for the design,
manufacture, installation, maintenance, utilisation of equipment, structures or
products.
A code of practice may be a standard, part of a standard or independent of a
standard.*
Regulation
Document providing binding legislative rules that is adopted by an authority.*
Authority
Body (responsible for standards and regulations legal or administrative entity
that has specific tasks and composition) that has legal powers and rights.*
Regulatory authority
Authority responsible for preparing or adopting regulations.*
Enforcement authority
Authority responsible for enforcing regulations.*
Specification
A document stating requirements, needs or expectations.
A specification could cover both physical and technical requirements ie visual
inspection, NDT, Mechanical testing etc. essentially full data and its supporting
medium. Specifications are generally implied or obligatory.
Procedure
Specified way to carry out an activity or a process.* Usually it is a written
description of all essential parameters and precautions to be observed when
applying a technique to a specific application following an established standard,
code or specification
Instruction
Written description of the precise steps to be followed based on an established
procedure, standard, code or specification.
Quality plan
A document specifying which procedures and associated resources shall be
applied by whom and when to a specific project, product, process or contract.*
* ISO IEC Guide 2 – Standardisation and related activities – General
vocabulary.
** EN ISO 9000 – 2000 – Quality management systems – Fundamentals and
vocabulary.
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	60. 4.4 Summary
Application of  the requirements of the quality manuals, the standards and codes
of practice ensure that a structure or component will have an acceptable level
of quality and be fit for the intended purpose.
Applying the requirements of a standard, code of practice or specification can
be a problem for the inexperienced Inspector. Confidence in applying the
requirements of one or all of these documents to a specific application only
comes with use over a period of time.
If in doubt the Inspector must always refer to a higher authority in order to
avoid confusion and potential problems.
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	61. 5 Fe-C Steels
Pure  iron is very soft and expensive to manufacture and thus has limited
practical engineering applications. However, as we’ve already seen, as ferrous
alloys can go through different phase changes depending on composition and
temperature, the properties and particularly the strength, ductility and
toughness can be tailored through alloying and thermal cycling (heat treatment
or welding for example).
Of all the alloying elements used in steels, by far the most important one is
carbon (C) and steels are defined as iron alloys containing less than 2% C.
Ferrous alloys of more than 2% carbon content on the other hand are called
cast irons.
Many other elements can also be present in steels, both intentionally added
alloying elements and residual elements present from ore or scrap metal used
in the steelmaking process.
5.1 Steel terminology
The terminology used to describe and specify different steel products can be
confusing as these can be based on a combination of:
 Product form (sheet, plate, bar, sections, pipe or wire).
 Deoxidation practice (killed, semi-killed).
 Manufacturing route such as cast, forged, rolled, extruded.
 Heat treatment such as annealed, normalised and quench and tempered,
which are used to achieve properties.
 Cleanliness level in terms of impurities such as sulphur and phosphorous.
 Finishing methods such as cold rolled or hot rolled.
 Presence or not of corrosion protection coatings.
 And so on.
To add to the confusion, different industry sectors use different nomenclatures
and definitions to refer to the same alloys. A simplified terminology is used here
which is widely used and is relevant to welding, but be aware that other
terminologies also exist.
In a broad sense, non-stainless steels can be divided into two major groups:
Carbon steel (also called C-Mn steels, depending on Mn level) and low alloy
steels. This nomenclature is used in American standards (American Iron and
Steel Institute and The Society of Automotive Engineering) and in modified
forms in European standards as well.
5.1.1 Carbon steels
In many industry sectors, carbon steel is the usual description used to refer to
any steel that is not stainless. Carbon is the single most important alloying
element in steel and a wide range of properties is possible simply by changing
its content. Strength can be increased very cost effectively by retaining more
carbon in the composition (remember, carbon is already present from the
primary steelmaking process and is in fact removed as part of steel refining).
However, when welded it is well recognized that HAZ toughness decreases and
risk of cracking during welding increases with carbon addition and welding
becomes more challenging. Surprisingly though, in some particular applications
such as in welded rail tracks this trade-off can be overcome and steels which
are often of eutectic composition with carbon content of 0.76% are used!!
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	62. As shown below,  hardness and strength can be achieved simply by increasing
the carbon content of the alloy. This however comes at a cost, not only in terms
of welding but also in terms of mechanical properties as ductility and toughness
also deteriorate with increasing carbon content.
Carbon steels can be divided (broadly) into plain carbon and carbon-manganese
steels:
Plain carbon steels are the most widely used steel type. These are usually
specified based on carbon content (example, AISI 1010 and 1018 carbon steels
have target carbon contents of approximately 0.1 and 0.18, respectively) and
are limited to a maximum of 1% manganese. The microstructures of plain
carbon steels are based around the thermodynamic equilibrium microstructures
of ferrite and pearlite.
Carbon–manganese (C-Mn) steels are similar to plain carbon steels except
that C-Mn steels have higher Mn contents of between 1 and 1.65 weight %.
Manganese is used for deoxidation (to remove oxygen from the melt during
steelmaking), as a solid solution strengthener and also can have the effect of
lowering the ductile to brittle transition temperature. However, addition of
manganese also increases the hardenability of steels which could be a drawback
when welding as will be shown later in this section.
5.1.2 Low Alloy steels
Some alloying elements increase the hardenability of steels, that is, they delay
the transformation from austenite to the equilibrium microstructures of ferrite
and pearlite to longer times, thus giving more opportunity for non-equilibrium
microstructures such as martensite to form during cooling. Alloys specified
based on element additions to increase hardenability to achieve designated
strength, ductility and toughness requirements are called low alloy steels. In
general, total alloy content does not exceed 5%.
Martensite is achieved with a sufficient level of carbon or other elements and a
sufficiently rapid cooling rate. It has high strength and hardness but can be
very brittle, so a softening (tempering) heat treatment is normally applied to
improve toughness during the manufacturing process. This is not always
possible after welding and these steels require special precautions during
welding to obtain good enough properties in the HAZ and to avoid hydrogen
cracking.
Note: In some industry sectors stainless steels are referred to as alloy steels
(minimum of 10% alloying), which is probably why low-alloy-steel is used to
describe steels with high hardenability (quenched and tempered for example)
as these have much lower alloy content compared to stainless grades.
Comparing with C-Mn steels however, these are relatively high alloyed steel
grades with much higher hardenability.
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	63. 5.1.3 High strength  low alloy steels
For the parent material, an alternative approach to increase strength without
increasing carbon content is grain refinement which not only increases strength
but also increases toughness. This family of fine grained high strength steels
(up to 560MPa yield) with low carbon and lean general composition are called
high strength low alloy steels.
Contrary to low-alloy-steels which can in fact be quite highly alloyed, HSLA
steels are truly low alloyed steels and the strength is achieved through
refinement of the microstructure rather than by significant alloying additions.
For the same strength level, an HSLA alloy will have a much leaner composition
to its C-Mn equivalent. The microstructure of HSLA steels is still generally ferrite
and pearlite but will usually contain very small amounts of pearlite.
The manufacturing routes to achieve the necessary microstructure refinement
were covered in Section 6 (Heat treatment of steels).
To refresh your memory
HSLA steels rely on very small alloying additions of vanadium, niobium and/or
titanium and controlled rolling as well as defined and narrow temperature
ranges. Because the additions of V, Nb and Ti are so small these are also called
micro-alloyed steels.
Particularly in the oil and gas industry, a slight variation of the controlled rolling
process is used where micro-alloying is used to obtain a fine-grain structure
during the hot rolling process followed by accelerated cooling at the end of the
hot rolling process to promote a bainitic or acicular ferrite microstructure. These
alloys are called Thermo-mechanically controlled process (TMCP) steels.
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	65. 6 Destructive Testing
European  Welding Standards require test coupons that are made for welding
procedure qualification testing to be subjected to non-destructive testing and
then destructive testing.
The tests are called destructive tests because the welded joint is destroyed
when various types of test piece are taken from it.
Destructive tests can be divided into 2 groups, those used to:
 Measure a mechanical property – quantitative tests
 Assess the joint quality – qualitative tests
Mechanical tests are quantitative because a quantity is measured – a
mechanical property such as tensile strength, hardness and impact toughness.
Qualitative tests are used to verify that the joint is free from defects – they are
of sound quality, examples of these are bend tests, macroscopic examination
and fracture tests (fillet fracture and nick-break).
6.1 Test types, test pieces and test objectives
Various types of mechanical tests are used by material manufacturers and
suppliers to verify that plates, pipes, forgings, etc. have the minimum property
values specified for particular grades.
Design engineers use the minimum property values listed for particular grades
of material as the basis for design and the most cost-effective designs are
based on an assumption that welded joints have properties that are no worse
than those of the base metal.
The quantitative (mechanical) tests that are carried out for welding procedure
qualification are intended to demonstrate that the joint properties satisfy design
requirements.
The emphasis in the following sub-sections is on the destructive tests and test
methods that are widely used for welded joints.
6.1.1 Transverse tensile tests
Test objective
Welding procedure qualification tests always require transverse tensile tests to
show that the strength of the joint satisfies the design criterion.
Test specimens
A transverse tensile test piece typical of the type specified by European Welding
Standards is shown below.
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	66. Standards, such as  EN 895, that specify dimensions for transverse tensile test
pieces require all excess weld metal to be removed and the surface to be free
from scratches.
Test pieces may be machined to represent the full thickness of the joint but for
very thick joints it may be necessary to take several transverse tensile test
specimens to be able to test the full thickness.
Test method
Test specimens are accurately measured before testing. Specimens are then
fitted into the jaws of a tensile testing machine and subjected to a continually
increasing tensile force until the specimen fractures.
The tensile strength (Rm) is calculated by dividing the maximum load by the
cross-sectional area of the test specimen - measured before testing.
The test is intended to measure the tensile strength of the joint and thereby
show that the basis for design, the base metal properties, remains the valid
criterion.
Acceptance criteria
If the test piece breaks in the weld metal, it is acceptable provided the
calculated strength is not less than the minimum tensile strength specified,
which is usually the minimum specified for the base metal material grade.
In the ASME IX code, if the test specimen breaks outside the weld or fusion
zone at a stress above 95% of the minimum base metal strength the test result
is acceptable.
6.1.2 All-weld tensile tests
Test objective
There may be occasions when it is necessary to measure the weld metal
strength as part of welding procedure qualification – particularly for elevated
temperature designs.
The test is carried out in order to measure not only tensile strength but also
yield (or proof strength) and tensile ductility.
Parallel
length
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	67. All weld tensile  tests are also regularly carried out by welding consumable
manufacturers to verify that electrodes and filler wires satisfy the tensile
properties specified by the standard to which the consumables are certified.
Test specimens
As the name indicates, test specimens are machined from welds parallel with
their longitudinal axis and the specimen gauge length must be 100% weld
metal.
Test method
Specimens are subjected to a continually increasing force in the same way that
transverse tensile specimens are tested.
Yield (Re) or proof stress (Rp) are measured by means of an extensometer that
is attached to the parallel length of the specimen and is able to accurately
measure the extension of the gauge length as the load is increased.
Round tensile specimen from a welding
procedure qualification test piece.
Round tensile specimen from an electrode
classification test piece.
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	68. Typical load extension  curves and their principal characteristics are shown
below.
Tensile ductility is measured in two ways:
1 % elongation of the gauge length (A%).
2 % reduction of area at the point of fracture (Z%).
Load-extension curve for a steel that
shows a distinct yield point at the elastic
limit.
Load-extension curve for a steel (or
other metal) that does not show a
distinct yield point; proof stress is a
measure of the elastic limit.
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	69. The figures below  illustrate these two ductility measurements.
6.1.3 Impact toughness tests
Test objective
Charpy V notch test pieces have become the internationally accepted method
for assessing resistance to brittle fracture by measuring the energy to initiate,
and propagate, a crack from a sharp notch in a standard sized specimen
subjected to an impact load. The value achieved is known as the notch or
impact toughness.
Design engineers need to ensure that the toughness of the steel that is used for
a particular item will be high enough to avoid brittle fracture in service and so
impact specimens are tested at a temperature that is related to the design
temperature for the fabricated component.
C-Mn and low alloy steels undergo a sharp change in their resistance to brittle
fracture as their temperature is lowered so that a steel that may have very
good toughness at ambient temperature may show extreme brittleness at sub-
zero temperatures, as illustrated in following figure.
Necking!
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	70. Test temperature, °C
The  transition temperature is defined as the temperature mid-way between the
upper shelf (maximum toughness) and lower shelf (completely brittle). In the
above the transition temperature is –20°C.
Test specimens
The dimensions for test specimens have been standardised internationally and
are shown below for full sized specimens. There are also standard dimensions
for smaller sized specimens, for example 10mm x 7.5mm and 10mm x 5mm.
Charpy V notch test piece dimensions for full sized specimens.
Impact
energy
(Joules)
Upper shelf energy
Lower shelf energy
Transition range
Ductile fracture
(0% crystallinity)
Brittle fracture
(100% crystallinity)
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	71. Specimens are machined  from welded test plates with the notch position
located in different locations according to the testing requirements but typically
in the centre of the weld metal and at positions across the HAZ – as shown
below.
Typical notch positions for Charpy V notch test specimens from double V butt
welds.
Test method
Test specimens are cooled to the specified test temperature by immersion in an
insulated bath containing a liquid that is held at the test temperature.
After allowing the specimen temperature to stabilise for a few minutes it is
quickly transferred to the anvil of the test machine and a pendulum hammer
quickly released so that the specimen experiences an impact load behind the
notch.
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	72. The main features  of an impact test machine are shown below.
The energy absorbed by the hammer when it strikes each test specimen is
shown by the position of the hammer pointer on the scale of the machine.
Energy values are given in Joules (or ft-lbs in US specifications).
Impact test specimens are taken in triplicate (3 specimens for each notch
position) as there is always some degree of scatter in the results, particularly
for weldments.
Impact specimen on the anvil showing the
hammer position at point of impact
Impact testing machine
Charpy V notch test pieces
– before and after testing
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	73. Acceptance criteria
Each test  result is recorded and an average value calculated for each set of
three tests. These values are compared with the values specified by the
application standard or client to establish whether specified requirements have
been met.
After impact testing, examination of the test specimens provides additional
information about their toughness characteristics and may be added to the test
report:
 % crystallinity – the % of the fracture face that has crystalline appearance
which indicates brittle fracture; 100% indicates completely brittle fracture.
 Lateral expansion – the increase in width of the back of the specimen
behind the notch – as indicated below; the larger the value the tougher the
specimen.
A specimen that exhibits extreme brittleness will show a clean break. Both
halves of the specimen having a completely flat fracture face with little or no
lateral expansion.
A specimen that exhibits very good toughness will show only a small degree of
crack extension, without fracture and a high value of lateral expansion.
6.1.4 Hardness testing
Test objectives
The hardness of a metal is its’ resistance to plastic deformation determined by
measuring the resistance to indentation by a particular type of indenter.
A steel weldment with hardness above a certain maximum may be susceptible
to cracking, either during fabrication or in service, and welding procedure
qualification testing for certain steels and applications that require the test weld
to be hardness surveyed to ensure that are no regions of the weldment that
exceed the maximum specified hardness.
Specimens prepared for macroscopic examination can also be used for taking
hardness measurements at various positions of the weldment – referred to as a
hardness survey.
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	74. Test methods
There are  3 widely used methods for hardness testing:
1 Vickers hardness test uses a square-base diamond pyramid indenter.
2 Rockwell hardness test uses a diamond cone indenter or steel ball.
3 Brinell hardness test uses a ball indenter.
The hardness value being given by the size of the indentation produced under a
standard load, the smaller the indentation, the harder the metal.
The Vickers method of testing is illustrated below.
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