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Information before starting a scenario
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Information:

FOR THE SUPERVISOR
1.

. Observe how the leader performs actions according to the algorithm steps (on the left side).

Read the information for the supervisor, the leader and the assistant out loud.

. Do not comment.
. If the leader performs (tells) the written action - mark it.
. The text in black on the right side (course of scenario) should only be read after the leader has completed the

examination / assistance action.

performed.

FOR THE LEADER
1. The patient should be examined as in a real life situation.

by you.

FOR THE ASSISTANT
1.

Perform actions as instructed by the leader.

. The text in gold should not be read aloud (information for supervisor only).
. Active links in blue can be clicked to listen or to view the result of the test. Let the leader view the visual material.
. At the end of the situation, discuss the actions of the leader: what was performed well and what was not

2. During the scenario look at the algorithm (@), read the actions out loud (¢)), perform the action (&).
3. You can give instructions to the assistant during the scenario but all assessments and decisions have to be made

Perform VI stage 2

Steps of the algorithm

Course of the scenario

and record in the protocol

Nr.
(performed by the leader and assistant) M (the supervisor reads out loud - only the text that is
marked black)
1. Welded joints visual inspection (VI)
2. Inspection Stage 2
3 Fill in the general ones protocol data: *date Accepted if fills all requared protocol data
' *protocol no. *the research object
4 Record in the protocol connections being Accepted if records in the protocol connections
' tested welding method being tested welding method
Accepted if sets the connection type and
Set the connection type and spatial position . .
5. spatial position

G0

VERSION 1.1./1D FRM-HYBVET-000511
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6 Connector types FW/BW Spatial position Accepted if chooses types and position
' according to EN ISO 6947 according to EN ISO 6947

7. Measure with a lux meter ambient lighting Lighting 560 Ix

8. Use a flashlight being too little for lighting

9 Dim the lights intensity being too large for Accepted if dims light correctly
' lighting

10. End

VERSION 1.1./1D FRM-HYBVET-000511
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Information:
FOR THE SUPERVISOR
1.

. Observe how the leader performs actions according to the algorithm steps (on the left side).

Read the information for the supervisor, the leader and the assistant out loud.

. Do not comment.
. If the leader performs (tells) the written action - mark it.
. The text in black on the right side (course of scenario) should only be read after the leader has completed the

examination / assistance action.

. The text in gold should not be read aloud (information for supervisor only).
. Active links in blue can be clicked to listen or to view the result of the test. Let the leader view the visual material.
. At the end of the situation, discuss the actions of the leader: what was performed well and what was not

performed.

FOR THE LEADER
1.
2. During the scenario look at the algorithm (@), read the actions out loud (¢)), perform the action (&).

3. You can give instructions to the assistant during the scenario but all assessments and decisions have to be made

The patient should be examined as in a real life situation.

by you.

FOR THE ASSISTANT
1.

Perform actions as instructed by the leader.

1. Prepare to perform a visual inspection
Steps of the algorithm Course of the scenario
Nr. &2
(performed by the leader and assistant) M (the supervisor reads out loud - only the text that is
marked black)
2. Welded joints visual inspection (VI)
3. Preparation to perform VI
4, Set up a desk protective film Accepted if sets the film
Accepted if brings measurment tools
c Bring a measurement tools for VI from closet
' No. 1
Copen ()
6. Bring and join lux meter Accepted if brings lux meter and joins it
. Accepted if brings the standards EN ISO 5817;
7. Bring the standards EN ISO 5817; 6520

6520

VERSION 1.1./1D FRM-HYBVET-000510
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Prepare the protocol

8.

9. Inspection Stage 1

10. Is the weld cleaned? Yes

" Based on the seams structure visually set °

welding way (TIG, MIG/MAG, MMA)

VERSION 1.1./1D FRM-HYBVET-000510
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PERSZERT®

Designation examples of this Standard

ISO 9606-1

141

=

INTERNATIONAL
STANDARD

FM4

product type

welding process

wel

ding processeses

according to EN ISO 4063

111 manual metal arc welding

114  self-shielded tubular cored arc welding

121  submerged arc welding with solid wire electrod (partly mechanized)
125 submerged arc welding with tubular cored electrode (partly mechanized)
131 MIG welding with solid wire electrode

135 MAG welding with solid wire electrode

136 MAG welding with flux cored electrode

138 MAG welding with metal cored electrode

141 TIG welding with solid filler material (wire/rod)

142 autogenous TIG welding

143 TIG welding with tubular cored filler material (wire/rod)

145 TIG welding using reducing gas and solid filler material (wire/rod)
15 plasma arc welding

311 oxyacetylene welding

product types

T Tube

P Plate

filler material grouping

Group

Filler material for welding of

Examples of applicable standards

FM1

Non-alloy and fine grain steels

ISO 2560, ISO 14341, ISO 636, ISO
14171, 1SO 17632

FM2

High-strength steels

ISO 18275, ISO 16834, ISO 26304,
ISO 18276

FM3

Creep-resisting steels Cr < 3,75 %

ISO 3580, ISO 21952, ISO 24598,
ISO 17634

FM4

Creep-resisting steels 3,75 <Cr<12 %

ISO 3580, ISO 21952, ISO 24598,
ISO 17634

FM5

Stainless and heat-resisting steels

ISO 3581, ISO 14343, ISO 17633

FM6

Nickel and nickel alloys

ISO 14172, 1ISO 18247

dimensions of test piece

S
t
D

Carl Cloos Schwei@t

deposited thickness
material thickness
outside tube diameter

-

Scan the QR code
by your smart

more.

€% www.teka.eu

Welder’s qualification test certificate
ACCORDING TO EN ISO 9606-1:2013

S

s3.6 D60 | | PH

ssS hb

filler material

type of weld

filler material
grouping

types of weld
BW butt weld
FW fillet weld

filler material

covered electrodes
Route A

A

acid covering

B basic covering or electrode core — basic
C cellulosic covering

R rutile covering or electrode core — rutile, slow-freezing slag
RA  rutile — acid covering

RB  rutile — basic covering

RC  rutile — cellulosic covering

RR rutile — thick covering

Route B

03 rutile basic covering

10 cellulosic covering

11 cellulosic covering

12 rutile covering

13 rutile covering

14 rutile + iron powder covering

15 basic covering

16 basic covering

18 basic + iron powder covering

19 limenite covering

20 iron oxide covering

24 rutile + iron powder covering

27 iron oxide + iron powder covering

28 basic + iron powder covering

45 basic covering

48 basic covering

cored wire

\Y metal cored electrode or metal powder
P electrode core — rutile, fast-freezing slag
\Y electrode core — rutile or basic/fluoride
w electrode core — basic/fluoride, slow-freezing slag
Y electrode core — basic/fluoride, fast-freezing slag
V4 electrode core — other types

any other

S solid wire electrode — solid rod

nm  no filler material

www.dvs-ev.de/DVS-Pruefstellen

weld details

dimension of
test piece

welding position

welding positions weld details

according to EN ISO 6947 BW butt weld
ss single side welding

PA flat position mb  material backing

PB horizontal vertical position nb  welding with no material backing
PC horizontal position gb  gas backing

PD horizontal overhead position fb flux backing

PE overhead position bs  welding from both sides
PF vertical up position Ci consumable insert

PG vertical down position

H-L045 inclined position welding upwards FW fillet weld

J-L045 inclined position welding downwards sl single layer

PH pipe position for welding upwards ml multi-layer

PJ pipe position for welding downwards

311 oxyacetylene welding

Iw leftward welding
rw rightward welding

plate flat position

vertical down
position

vertical up
position

horizontal

J-L045
inclined position
welding

downwards

H-L045
inclined
position
welding
upwards

horizontal

vertical down
position

vertical up
position

overhead position

Notified bodies for the welder's qualification test are regulated by European directives,

regulations or standards which apply to approved certification personnel or to accreditation
according to DIN EN ISO / IEC 17024 for the holding of the welder‘s qualification test.

proneandiean Clean air during = =
welding process | __
D info@teka.eu

\ 0800/8352225

O

joined for welding G S I S I_V

WELDING

VALUE

MicCATIOoN:C

WELIFIR 5

vertical position

overhead position

A

horizontal
position

DRARP

SCHWEISSZIUSATIZ

& contour cut \

e il
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Precisio

AUTOGEN-RITTER GmbH

Quality Welding Solutions since 1920.
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Foreword

This document (EN ISO 5817:2014) has been prepared by Technical Committee ISO/TC 44 “Welding and
allied processes” in collaboration with Technical Committee CEN/TC 121 “Welding” the secretariat of which is
held by DIN.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by August 2014, and conflicting national standards shall be withdrawn at
the latest by August 2014.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.

This document supersedes EN ISO 5817:2007.

According to the CEN-CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech
Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece,
Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United Kingdom.

Endorsement notice

The text of ISO 5817:2014 has been approved by CEN as EN 1SO 5817:2014 without any modification.
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Foreword

ISO (the International Organization for Standardization)isaworldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patentrights. ISO shall not be held responsible foridentifying any or all such patent rights. Details of any
patent rights identified during the development of the document will be in the Introduction and/or on
the ISO list of patent declarations received. www.iso.org/patents

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity
assessment, as well as information about ISO’s adherence to the WTO principles in the Technical
Barriers to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is ISO/TC 44, Welding and allied processes, Subcommittee
SC 10, Unification of requirements in the field of metal welding.

This third edition cancels and replaces the second edition (ISO 5817:2003,), which has been technically
revised. It also incorporates Technical Corrigendum ISO 5817:2003/Cor 1:2006.

Requests for official interpretations of any aspect of this International Standard should be directed to
the Secretariat of ISO/TC 44/SC 10 via your national standards body. A complete listing of these bodies
can be found at www.iso.org.

iv © IS0 2014 — All rights reserved
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Introduction

This International Standard should be used as a reference in the drafting of application codes and/or
other application standards. It contains a simplified selection of fusion weld imperfections based on the
designations given in ISO 6520-1.

Some of the imperfections described in ISO 6520-1have been used directly and some have been grouped
together. The basic numerical referencing system from ISO 6520-1 has been used.

The purpose of this International Standard is to define dimensions of typical imperfections which might
be expected in normal fabrication. It may be used within a quality system for the production of welded
joints. It provides three sets of dimensional values from which a selection can be made for a particular
application. The quality level necessary in each case should be defined by the application standard or
the responsible designer in conjunction with the manufacturer, user and/or other parties concerned.
The quality level shall be prescribed before the start of production, preferably at the enquiry or order
stage. For special purposes, additional details may be prescribed.

The quality levels given in this International Standard provide basic reference data and are not
specifically related to any particular application. They refer to types of welded joint in fabrication and
not to the complete product or component itself. It is possible, therefore, that different quality levels are
applied to individual welded joints in the same product or component.

Itwould normally be expected that for a particular welded joint the dimensional limits forimperfections
could all be covered by specifying one quality level. In some cases, it may be necessary to specify different
quality levels for different imperfections in the same welded joint.

The choice of quality level for any application should take account of design considerations, subsequent
processing (e.g. surfacing), mode of stressing (e.g. static, dynamic), service conditions (e.g. temperature,
environment) and consequences of failure. Economic factors are also important and should include not
only the cost of welding but also of inspection, testing and repair.

Although this International Standard includes types of imperfection relevant to the fusion welding
processes listed in Clause 1, only those which are applicable to the process and application in question
need to be considered.

Imperfections are quoted in terms of their actual dimensions, and their detection and evaluation
may require the use of one or more methods of non-destructive testing. The detection and sizing of
imperfections is dependent on the inspection methods and the extent of testing specified in the
application standard or contract.

This International Standard does not address the methods used for the detection of imperfections.
However, ISO 17635 contains a correlation between the quality level and acceptance level for different
NDT methods.

This International Standard is directly applicable to visual testing of welds and does not include details
of recommended methods of detection or sizing by non-destructive means. It should be considered that
there are difficulties in using these limits to establish appropriate criteria applicable to non-destructive
testing methods such as ultrasonic, radiographic, eddy current, penetrant, magnetic particle testing and
may need to be supplemented by requirements for inspection, examining and testing.

Thevalues given for imperfections are for welds produced using normal welding practice. Requirements
for smaller (more stringent) values as stated in quality level B may include additional manufacturing
processes, e.g. grinding, TIG dressing.

Annex C gives additional guidance for welds subject to fatigue.

©1IS0 2014 — All rights reserved \Y%
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Welding — Fusion-welded joints in steel, nickel, titanium
and their alloys (beam welding excluded) — Quality levels
for imperfections

1 Scope

This International Standard provides quality levels of imperfections in fusion-welded joints (except
for beam welding) in all types of steel, nickel, titanium and their alloys. It applies to material
thickness > 0,5 mm. It covers fully penetrated butt welds and all fillet welds. Its principles can also be
applied to partial-penetration butt welds.

(Quality levels for beam welded joints in steel are presented in ISO 13919-1.)

Three quality levels are given in order to permit application to a wide range of welded fabrication. They
are designated by symbols B, C and D. Quality level B corresponds to the highest requirement on the
finished weld.

Several types of loads are considered, e.g. static load, thermal load, corrosion load, pressure load.
Additional guidance on fatigue loads is given in Annex C.

The quality levels refer to production and good workmanship.
This International Standard is applicable to
a) non-alloy and alloy steels,
b) nickel and nickel alloys,
¢) titanium and titanium alloys,
d) manual, mechanized and automatic welding,
e) all welding positions,
f) all types of welds, e.g. butt welds, fillet welds and branch connections, and
g) the following welding processes and their sub-processes, as defined in ISO 4063:
— 11 metal-arc welding without gas protection;
— 12 submerged-arc welding;
— 13 gas-shielded metal-arc welding;
— 14 gas-shielded arc welding with non-consumable tungsten electrodes;
— 15 plasma arc welding;
— 31 oxy-fuel gas welding (for steelonly).

Metallurgical aspects, e.g. grain size, hardness, are not covered by this International Standard.

2 Normative references
The following documents, in whole or in part, are normatively referenced in this document and are

indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

© ISO 2014 — Allrights reserved 1
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ISO 6520-1:2007, Welding and allied processes — Classification of geometric imperfections in metallic
materials — Part 1: Fusionwelding

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1
quality level
description of the quality of a weld on the basis of type, size and amount of selected imperfections

3.2
fitness-for-purpose
ability of a product, process or service to serve a defined purpose under specific conditions

3.3

short imperfections

<weld 100 mmlongorlonger> imperfections whose total lengthisnot greater than 25 mmin the 100 mm
of the weld which contains the greatest number of imperfections

34
short imperfections
<weld less than 100 mm long> imperfections whose total length is not greater than 25 % of the length

of the weld

3.5

systematic imperfections

imperfections that are repeatedly distributed in the weld over the weld length to be examined, the size
of a single imperfection being within the specified limits

3.6

projected area

area where imperfections distributed along the volume of the weld under consideration are imaged
two-dimensionally

Note 1to entry: In contrast to the cross-sectional area, the occurrence of imperfections is dependent on the weld
thickness when exposed radiographically (see Figure1).

3.7
cross-sectional area
area to be considered after fracture or sectioning

3.8

smooth weld transition

even surface with no irregularities or sharpness at the transition between the weld bead and the parent
material

39
fatigue class
FATx

classification reference to S-N curve, in which x is the stress range in MPa at 2: 106cycles
Note 1to entry: Fatigue properties are described by S-N-Curves (Stress-Number of cycle- curves).

Note 2 to entry: See Annex C.

2 © ISO 2014 — All rights reserved
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Figure 1 — Radiographicfilms of specimens with identical occurrence of pores per volume unit

4 Symbols

The following symbols are used in Table 1 and Table C.1.

a nominal throat thickness of the fillet weld (see also ISO 2553)
A area surrounding the gaspores

b width of weld reinforcement

d diameter of gas pore

da diameter of area surrounding the gas pores

h height or width ofimperfection

I length of imperfection in longitudinal direction of the weld

Ip length of projected or cross-sectional area

S nominal butt weld thickness (see also ISO 2553)

t wall or plate thickness (nominalsize)

wp width of the weld or width or height of the cross-sectional area
z leg length of a fillet weld (see also ISO 2553)

a angle of weld toe

B angle of angular misalignment

i penetration in fillet welds

r radius of weld toe

© ISO 2014 — Allrights reserved 3
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5 Assessment ofimperfections
Limits for imperfections are given in Table 1.

If, for the detection of imperfections, macro-examination is used, only those imperfections shall be
considered which can be detected with a maximum of tenfold magnification. Excluded from this are
micro lack of fusion (see Table 1, 1.5) and microcracks (see Table 1, 2.2).

Systematic imperfections are only permitted in quality level D, provided other requirements of Table 1
are fulfilled.

A welded joint should usually be assessed separately for each individual type of imperfection (see
Table 1, 1.1 to 3.2).

Different types of imperfection occurring at any cross-section of the joint need special consideration
(see multiple imperfections in Table 1, 4.1).

The limits for multiple imperfections (see Table 1) are only applicable for cases where the requirements
for a single imperfection are notexceeded.

Anytwo adjacentimperfections separated by a distance smaller than the major dimension of the smaller
imperfection shall be considered as a single imperfection.

4 © IS0 2014 — All rights reserved
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Table 1 — Limits for imperfections

Reference to | Imperfection t Limits for imperfections for quality levels
No. 1SO 6 desi . Remarks
520-1 esignation mm D C B
1 Surface imperfections
1.1 100 Crack >0,5 |Not permitted Not permitted Not permitted
1.2 104 Crater crack >0,5 |Not permitted Not permitted Not permitted
1.3 2017 Surface pore | Maximum dimension of a single pore for 0,5t03 Not permitted Not permitted
— butt welds d<o0,3s
— fillet welds d<o,3a
Maximum dimension of a single pore for >3 Not permitted
— butt welds d<0,3s,butmax.3mm |d < 0,2s,butmax. 2mm
— fillet welds d<0,3a,butmax.3mm |d<0,2a,butmax. 2mm
1.4 2025 End crater o,5to3|h<0,2t Not permitted Not permitted
pipe A z(—\,_&\ \E >3 h<o0,2t,butmax.2mm | h < 0,1t, but max. 1 mm |Not permitted
1.5 401 Lack of fusion > 0,5 |Not permitted Not permitted Not permitted
(incomplete —
fusion)
Micro lack of | Only detectable by micro examination > 0,5 |Permitted Permitted Not permitted
fusion
1.6 4021 Incomplete Only for single side butt welds > 0,5 |Shortimperfections: Not permitted Not permitted

root penetra-
tion

ANE

h < 0,2 t but max. 2 mm

L18S OSI

¥102:£18S OSI N3 Sd

(1)vroc
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Reference to | Imperfection t Limits for imperfections for quality levels
No. . . Remarks
ISO 6520-1 | designation mm D C B
1.7 5011 Continuous Smooth transition is required. 0,5 to 3 | Short imperfections: Short imperfections: Not permitted
undercut This is not regarded as a systematic imperfec- h<o,2t h<o,t
tion.
5012 Intermittent >3 h < 0,2t, but max. 1 mm| h < 0,1t, but max. 0,5 mm|h < 0,05 t, but max.
undercut 0,5 mm
SO\
7
g -Q
1.8 5013 Shrinkage Smooth transition is required. 0,5 to 3 | Short imperfections: Short imperfections: Not permitted
groove h<o,2mm+o0,1t h<o,t
>3 Short imperfections: Short imperfections: Short imperfections:
Vm \; h<o,2t,butmax.2mm |h < 0,1t,but max.1 mm |h < 0,05 t, but max.
~ = 0,5 mm
=
1.9 502 Excess weld Smooth transition is required. >0,5 |h<imm+o0,25b,but |h<1mm + 0,15b, but h <1mm + 0,1 b,but max.

metal (butt
weld)

b

AN

max. 10 mm

max. 7 mm

5mm
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Limits for imperfections for quality levels

Reference to | Imperfection
No. | "I1so 6520-1 | designation Remarks mm D C B
1.10 |503 Excessive con- >0,5 |h<imm+o0,25b,but |h<1mm + 0,15b, but h <1mm + 0,1 b, but
vexity (fillet max. 5mm max. 4 mm max. 3 mm
weld)
1.11 |504 Excegs pen- 5// \g 0,5to3|h<1mm+0,6b h<imm+o0,3b h<imm+o0,1b
etration >3 h<imm+10b,but |h<imm+0,6b,butmax.|h<1mm+ 0,2 b,but

max. 5 mm

4 mm

max. 3 mm
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Reference to | Imperfection t Limits for imperfections for quality levels
No. 1SO 6 desi . Remarks
520-1 esignation mm D C B
1.12 |[505 Incorrect weld | — butt welds >0,5 |a=90° a > 110° a > 150°
toe
— fillet welds >0,5 |a=90° a = 100° a = 110°
&
&
a;zaand az = a
1.13 |506 Overlap b ‘h >0,5 |h<o0,2b Not permitted Not permitted
1.14 |509 Sagging Smooth transition is required 0,5 to 3 | Short imperfections: Short imperfections: Not permitted
h<o0,25t h<o,t
511 Incompletely = >3 Short imperfections: Short imperfections: Short imperfections:
filled groove h < 0,25 t, but max. h<o,1t,butmax. 1 mm |h < 0,05t, but max.

AN =]

2 mm

0,5 mm
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Reference to | Imperfection t Limits for imperfections for quality levels
No. ISO 6 desi . Remarks
520-1 esignation mm D C B
1.15 |[510 Burn through — >0,5 |Not permitted Not permitted Not permitted
1.16 |512 Excessive In cases where an asymmetric fillet weld hasnot |2 0,5 |h<2mm+o0,2a h<2mm+ 0,152 h<1,5mm + 0,15 a
asymmetry been prescribed.
of fillet weld
(excessive w _,E
unequal leg
length) 5
7 N oot
/
1.17 |515 Root concavity | Smooth transition is required. 0,5t03|h<0,2mm+o0,1t Short imperfections: Not permitted
h<o,t
>3 Short imperfections: Short imperfections: Short imperfections:

VZAANN A -
¢ =

h<o0,2t,butmax. 2mm

h < 0,1t, but max. 1 mm

h < 0,05 t, but max.
0,5 mm
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Reference to | Imperfection t Limits for imperfections for quality levels
No. 1SO 6 desi . Remarks
520-1 esignation mm D C B
1.18 |516 Root porosity | Spongy formation at the root of a weld due to > 0,5 |Locally permitted Not permitted Not permitted
bubbling of the weld metal at the moment of
solidification (e. g. lack of gas backing)
1.19 |517 Poor restart — >0,5 |Permitted Not permitted Not permitted
Thelimit depends on
the type of imperfec-
tion occurred due to
restart.
1.20 |[5213 Insufficient Not applicable to processes with proof of greater | 0,5 to 3 | Short imperfections: Short imperfections: Not permitted
throat thick- |depth of penetration h<o,2mm+o0,1a h < 0,2 mm
ness
>3 Short imperfections: Short imperfections: Not permitted
h<o0,3mm+0,13,but |h<0,3mm+0,1a,but
\ max. 2mm max. 1mm
N
N 4
/(
1.21 |5214 Excessive The actual throat thickness of the fillet weld is >0,5 |Permitted h<1mm+0,2a,but max. |h <1 mm + 0,15 a, but
throat thick- |too large. 4 mm max. 3 mm
ness

NN
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T

Reference to | Imperfection t Limits for imperfections for quality levels
No. 1SO 6 desi . Remarks
520-1 esignation mm D C B

1.22 | 601 Stray arc — >0,5 |Permitted, if the prop- | Not permitted Not permitted
erties of the parent
metal are not affected.

1.23 |602 Spatter — >0,5 |Acceptance depends Acceptance depends on | Acceptance depends on
on application, e.g. application, e.g. material, |application, e.g. material,
material, corrosion corrosion protection corrosion protection
protection

1.24 |610 Temper colour — >0,5 |Acceptance depends Acceptance depends on | Acceptance depends on

(Discoloura-
tion)

on application, e.g.
material, corrosion
protection

application, e.g. material,
corrosion protection

application, e.g. material,
corrosion protection
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Reference to | Imperfection t Limits for imperfections for quality levels
No. ISO 6 desi . Remarks
520-1 esignation mm D C B
2 Internal imperfections
2.1 100 Cracks All types of crack except microcracks and crater |> 0,5 |Not permitted Not permitted Not permitted
cracks
2.2 1001 Microcracks | A crack usually only visible under the micro- > 0,5 |Permitted Acceptance depends on | Acceptance depends on
scope (50 x ) type of parent metal with |type of parent metal
particular reference to with particular refer-
crack sensitivity ence to crack sensitivity
2.3 2011 Gaspore The following conditions and limits for imper-
Uniforml fections shall be fulfilled. See also Annex A for
2012 utormly information.
distributed
porosity a1) Maximum dimension of the area of the > 0,5 |For single layer: < 2,5 %| For single layer: < 1,5 % | For single layer: <1 %
imperfections (inclusive of systematic imperfec- . . .
tiog) related to the proj ectedyarea P For multi-layer: < 5% |For multi-layer: < 3 % For multi-layer: < 2 %
NOTE The porosity in the project area depends
on the numbers of layers (volume of the weld).
a2) Maximum dimension of the cross-sectional |[>o0,5 |<2,5% <1,5% <1%
area of the imperfections (inclusive of systematic
imperfection) related to the fracture area (only
applicable to test pieces: production test, welder
or procedure qualification tests)
b) Maximum dimension for a single pore for >0,5 |d<0,4sbutmax.5mm |d<o0,3s, butmax.4mm |d < o0,2s,but max. 3 mm

— butt welds
— fillet welds

d <0,4a,but max. 5 mm

d < 0,3 a, but max. 4 mm

d < 0,2 a, but max. 3 mm
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No. | Referenceto | Imperfection Remarks t Limits for imperfections for quality levels
" | IS0 6520-1 | designation mm D C B
2.4 2013 Clustered D > 0,5 da < 25 mm da <20 mm da <15 mm
(localized) or or or
porosity
A A da, max < Wp dA, max < Wp dA, max < Wp/2
o T _— "2
:
dpt a2
- [P -
dAc
D
,/—~.
N A1 r— N /AZ
S =~
o~ /|
\. _/,_,
q
A1 dAZ
lp

Reference length for I is 100 mm.

The total gas pore area within the cluster is rep-
resented by a circle of diameter da surrounding
all the gas pores.

The requirement for a single gas pore shall be
met by all the gas pores within this circle.

A permitted porous area shall be local. The possi-
bility of the pore cluster masking other imperfec-
tions shall be taken into consideration.

If D is less than da; or dao, whichever is smaller,
then the total gas pore area is represented by a
circle of diameter dac, where dac = da; + da2 + D.

Systematic cluster porosity is not permitted.

da corresponds to dai, das or dac, whichever is
applicable.
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Reference to | Imperfection t Limits for imperfections for quality levels
No. . . Remarks
ISO 6520-1 | designation mm D C B
2.5 2014 Linear poros- |— butt welds >0,5 |h<o0,4s,butmax.4mm |h<0,3s,but max.3 mm |h < 0,25, but max. 2 mm
1ty | <s,butmax. 75 mm || <s, but max. 50 mm | <'s, but max. 25 mm
— fillet welds >0,5 |h<o0,4a,butmax.4mm/|h < 0,3a, but max. 3 mm |h < 0,2 a, but max. 2 mm
| <a,but max. 75 mm |l < a, but max. 50 mm | < a, but max. 25 mm

Case1(D > ds)

[

D
= o O pn O
d;
dy

L,
Case2(D<ds)

!

D

= o (Opb o

d,

d,
i

Reference length for Ipis 100 mm.

Forcase2:d;+da+D=h

Forcase1:d;=h
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Limits for imperfections for quality levels

Reference to Imperfection
No- | '1s0 6520-1 designation Remarks mm D C B
2.6 2015 Elongated cavity |— butt welds 20,5 |h<0,4s,butmax.4mm |h<0,3s, but max. 3 mm |h < 0,2s, but max. 2 mm
2016 Wormbholes | <s,butmax. 75 mm || <s, but max. 50 mm | <'s, but max. 25 mm
— fillet welds >0,5 |h<o0,4a,butmax.4mm/|h < 0,3a, but max. 3 mm |h < 0,2 a, but max. 2 mm
| <a,but max. 75 mm |l < a, but max. 50 mm | < a, but max. 25 mm
2.7 202 Shrinkage cavity > 0,5 |Shortimperfections Not permitted Not permitted
permitted, but not
breaking of the sur-
faces:
buttwelds: h <0,4s,but
max. 4 mm
fillet welds: h < 0,4 a,
but max. 4 mm
2.8 2024 Crater pipe ~ o,5to3|horl<o,2t Not permitted Not permitted
“—t_ G 3
] >3 horl < o0,2t, but max.
2 mm
|
The larger value of h or | will be measured
2.9 300 Solid inclusions | — butt welds 20,5 |h<0,4s,butmax.4mm |h<0,3s, but max. 3 mm |h < 0,2s, but max. 2 mm
301 Slag inclusions | <s,but max. 75 mm |l <s, but max. 50 mm | <'s, but max. 25 mm
302 Flux inclusions — fillet welds >0,5 |h<o0,4a,butmax.4mm|h < 0,3 a, but max.3 mm |h < 0,2 a, but max. 2 mm
303 Oxide inclusions | < a, but max. 75 mm |l < a, but max. 50 mm | < a, but max. 25 mm
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Reference to | Imperfection t Limits for imperfections for quality levels
No. . . Remarks
ISO 6520-1 | designation mm D C B
2.10 |304 Metallic inclu- | — butt welds > 0,5 h <0,4s,but max. 4 mm |h < 0,3, but max. 3mm |h < 0,2 s,but max. 2 mm
sions other
than copper — fillet welds >0,5 |h<o0,4a butmax.4mm|h<o0,33a, butmax.3mm |h < 0,2 a, but max. 2 mm
2.11 |3042 Copper inclu- — > 0,5 Not permitted Not permitted Not permitted
sions
2.12 (401 Lack of fusion > 0,5 |Shortimperfections Not permitted Not permitted
(incomplete permitted:
fusi
sion) z butt welds: h < 0,4 s, but
4011 Lack of side &= max. 4 mm
wall fusion fillet welds: h < 0,4 a
4012 Lack of inter- but max. 4 mm
run fusion
h
4013 Lack of root
fusion
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Reference to | Imperfection t Limits for imperfections for quality levels
No. . . Remarks
ISO 6520-1 | designation mm D C B
2.13 |402 Lack of pen- > 0,5 |Shortimperfection: Not permitted Not permitted
etration
h<o0,2a,butmax. 2mm
vl
T-joint (fillet weld)
>0,5 |Shortimperfections: |Short imperfections: Not permitted
buttjoint: h<o0,2s0ri, |buttjoint: h<o0,1s50ri,
> but max. 2mm but max. 1,5 mm
> % T-joint: h<0,2a,but fillet joint: h < 0,1 a, but
max. 2mm max. 1,5 mm
h
;
T-joint (partial penetration)
3
K\
< —
Butt joint (partial penetration)
= > 0,5 |Shortimperfection: Not permitted Not permitted

o

Butt joint (full penetration)

h<o0,2t,butmax.2mm
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Reference to | Imperfection t Limits for imperfections for quality levels
No. ISO 6 desi . Remarks
520-1 esignation mm D C B
3 Imperfections in joint geometry
3.1 507 Linear mis- The limits relate to deviations from the correct
alignment position. Unless otherwise specified, the correct
position is that when the centrelines coincide
(see also Clause 1). t refers to the smaller thick-
ness.
5071 Linear mis- 0,5t03|h <0,2mm + 0,25t h<o0,2mm + 0,15t h<o,2mm+o0,1t
alignment T 4 ) h< t h b h b
between plates % /\‘A y’ o >3 < 0,25 < 0,15 t, but max. 4 mm | h < 0,1, but max. 3 mm
f_ but max. 5 mm
RS ek s
D
Plates and longitudinal welds
5072 Transversely ~<| >0,5 |h<o0,5t butmax.4 mm|h<o0,5t, butmax. 3 mm |h < 0,5t, but max. 2 mm
circular welds A ;
at cylindrical )
hollow sec- ]
tions s
Circumferential welds
3.2 617 Incorrect root | Gap between the parts to be joined. Gaps exceed- |0,5t0 3 |h < 0,5 mm + 0,1a h<o0,3mm+o0,1a h<o,2mm+o0,1a
gap for fillet  |ingthe appropriatelimit may, in certain cases, be
welds compensated for by a corresponding increase in
the throat thickness.
>3 h<1mm+0,3a, h<o,5mm+0,2a, h<o,5mm+o0,1a,

but max. 4 mm

but max. 3mm

but max. 2mm
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Limits for imperfections for quality levels

No Reference to | Imperfection Remarks
) ISO 6520-1 | designation mm D C B
4 Multiple imperfections
4.1 None Multiple & 0,5 to 3 | Not permitted Not permitted Not permitted
;ggf}r}fiﬁg?s <y 7 >3 Maximum total height |Maximum total height of | Maximum total height of
section of imperfections: imperfections: imperfections:

h1+h2+h3=2h

Yh<o,4tor<o,25a

Yh<o,3tor<o0,2a

Yh<o,2tor<o,15a

L18S OSI
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Reference to | Imperfection t Limits for imperfections for quality levels

No. | 1506 desi . Remarks
520-1 esignation mm D C B
4.2 None Projected or Case1(D > 13) 20,5 Ehxl<16% Yhxl<8% Shxl<4%

cross-sec-
tional area in
longitudinal
direction

Wp
1

1

il

hyxli+hyxl,+hyxl3=%hx1
Case2 (D <3)
ly

I, I,

h

w,
hy
|

l

D

(‘hy+h3)
2

hyxly+hyxl,+ xD+hyxl3=XhxI

The sum of the areas X h x | shall be calculated
as a percentage to the evaluation area Ip x wp
(case 1).

If D is smaller than the shorter length of one of
theneighbouring imperfections, the full connec-
tion of the two imperfections shall be applied to
the sum of imperfections (case 2).

Seealso Annex A forinformation.
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Annex A
(informative)

Examplesofdetermination ofpercentage (%) porosity

FiguresA.1toA.ggiveapresentation of different percentage porosities. Thisshould assisttheassessment
of porosity on projected areas (radiographs) or cross-sectional areas.
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Figure A.3 — 2 surface percent, 30 pores, d = 1 mm
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Figure A.5 — 3 surface percent, 45 pores, d = 1 mm
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Figure A.7 — 5 surface percent, 76 pores,d =1 mm
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Figure A.9 — 16 surface percent, 244 pores, d = 1 mm
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Annex B
(informative)

Additional information and guidelines for use of this International
Standard

This International Standard specifies requirements for three quality levels for imperfections in welded
joints of steel, nickel, titanium and their alloys for fusion welding processes (beam welding excluded) for
weld thickness > 0,5 mm. It may be used, where applicable, for other fusion welding processes or weld
thicknesses.

Different components are very often produced for different applications, but to similar requirements.
The same requirements should, however, apply to identical components produced in different
workshops to ensure that work is carried out using the same criteria. The consistent application of this
international Standard is one of the fundamental cornerstones of a quality management system for use
in the production of welded structures.

The summary of multiple imperfections shows a theoretical possibility of superimposed individual
imperfections. In such a case, the total summation of all permitted deviations shall be restricted by the
stipulated values for the different imperfections, i.e. the limit value of a single imperfection < h, e.g. fora
single pore, shall not be exceeded.

This International Standard may be used in conjunction with a catalogue of realistic illustrations
showing the size of the permissible imperfections for the various quality levels, by means of photographs
showing the face and root side and/or reproductions of radiographs and of photomacrographs showing
the cross-section of the weld. An example of such a catalogue is given with “Reference radiographs for the
assessment of weld imperfectionsin accordance with ISO 5817”7, published by the International Institute
of Welding (ITW) and DVS Media Verlag, Diisseldorf. This catalogue may be used with reference cards to
assess the various imperfections and may also be used when opinions differ as to the permissible size
of imperfections.
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Annex C
(informative)

Additional requirements for welds in steel subject to fatigue

C.1 General

This annex gives additional requirements on quality levels in order to meet the fatigue class (FAT)
requirement.

Thevalueoffatigue class FATisthebearablestressrangerelated to 2 millioncyclesforatwo-sidedsurvival
probability of 95 % calculated from the mean value on the basis of two-sided 75 % tolerance limits of
the mean corresponding to IIW-Recommendation (IIW document ITW-1823-07). IIW-Recommendations
contain also information about fatigue classes FAT for different types of welded joints of steel (e.g. butt
and fillet welds).

For welds subject to fatigue load, Table 1 shall be supplemented with additional requirements according
to Table C.1 and as follows:

C.2 Qualitylevels

The additional requirements for quality level C and B is to adjust the limits for imperfections to the
fatigue class FAT 63 for quality level C giving C63 and FAT 9o for quality level B giving Bgo. A quality
level B125 representing fatigue level FAT 125 is represented by additional requirements to level B for
some imperfections. Level B125is not generally achieved as welded. Fillet welds are excluded from Level
Bi25.

NOTE Level C63 cover FAT 63 and lower, level Bgo cover FAT 9o and lower, and level B125 cover FAT 125 and
lower.

Table C.1contains additional requirements forlevel C and B for welds subject to fatigue load. Empty cells
in Table C.1 columns for level C and B means that values of Table 1 applies. In the column for level B125
in Table C.1limits additional to level B requirements are presented. If no limits are presented, level B125
equals requirements for level B.

C.3 Smooth transition

For smooth transition in Table 1 transition radius according to No. 1.12 Table C.1 applies.

C.4 Partly penetrated butt welds and fillet welds

For partly penetrated butt welds and fillet welds a condition for the limits for imperfection to apply to
the respective quality level is that a requirement for the design value of penetration should be fulfilled.

NOTE1 Ifnovalue for the penetration is present, limits for imperfections can be disregarded since the fatigue
life will be governed by the design root crack.

NOTE 2 For the quality levels to apply to fatigue levels, FAT, the penetration depth of the inner side of the weld

(root side), which is governed by minimum requirements on the drawing, should be determined by appropriate
analysis methods and in later stages assessed using inspection.

24 © IS0 2014 — All rights reserved
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C.5 Designation

Toindicate that the quality requirement includes the requirements in Annex C the designation for level
B and Cis supplemented with the character fatigue class. Level D is not supplemented.

EXAMPLE 1 ISO 5817-C63
EXAMPLE 2 ISO 5817-Bgo
EXAMPLE 3 ISO 5817-B125

Table C.1 — Additional requirements to Table 1 for welds subject to fatigue load

Reference to Imperfection t Limits for imperfections for quality levels
No. ISO 6520-1 designation mm C63¢c Bgo¢ B 125
1.5 401 Micro lack of fusion |= 0,5 a a a
1.7 5011 Continuous undercut | > 3 a a Not permitted
Intermittent undercut
5012
1.8 5013 Shrinkage groove >3 a a Not permitted
1.9 502 Excess weld metal > 0,5 a a h<o,2mm+0,1b,
(butt weld) max. 2 mm
1.10 503 Excessive convexity |=> 0,5 a a b
(fillet weld)
1.11 504 Excess penetration 0,5 a a h<o0,2mm + 0,05b
to 3
>3 a a h<o0,2mm + 0,05b, but
max. 1 mm
1.12 505 Incorrect weld toe, > 0,5 a a a
weld toe angle for fil-
let welds
— 5052 Incorrect weld toe, |> 0,5 b b r>4mm
weld toe radius
5052
%\ /
1.14 509 Sagging >3 a a Not permitted
511 Incompletely filled
groove
1.16 512 Excessive asym- > 0,5 a a b
metry of fillet weld
(excessive unequal leg
length)
1.17 515 Root concavity >3 a a Not permitted
1.23 602 Spatter = 0,5 a a Not permitted

a  Same values as given for quality levels B and C respectively Table 1.
b Not defined.

¢ Valuesidentical with ITW-Doc. XI11-2323—-10. The values are proved by ITW for a material thickness of 10 mm and above.
Lower material thicknesses may beapplicable.

d  Thelimit of imperfection corresponds to the ratio between the sum of the different pore areas and the evaluation area.
If the distance between two pore areas is less than the diameter of smallest pore area, an envelope surrounding the both
pore areas is relevant as one area of imperfection. If the distance between two pores is smaller than the diameter of one of
the neighbouring pores, the full connected area of two pores is the sum of imperfection areas.
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Table C.1 (continued)
N Reference to Imperfection t Limits for imperfections for quality levels
o ISO 6520-1 designation mm C63¢ Bgoc B 125
2.3 2011 Gaspore > 0,5 a a for single layer: < 1%
2012 Uniformly distributed for multi-layer: < 2 %
porosity
d < 0,15, max. 1 mm
2.4 2013 Clustered (localized) |= 0,5 a <3%d <2%d
porosity
d=<o0,2s, d < 0,15, max. 0,5 mm
d<o0,24a,
d < 2,5 mm
2.5 2014 Linear porosity > 0,5 a a for single layer: <1%4d
for multi-layer: < 2 %d
d < 0,15, max. 1 mm
2.6 2015 Elongation cavity > 0,5 a h<o0,2s0ro,2a a
2016 Wormholes max. h = 2 mm
as welded: max.
1 = 2,5 mm; stress
relieved: 1 < 20 mm
2.9 300 Solid inclusions > 0,5 a h<o,2so0ro,2a Not permitted
301 Slag inclusions max. h =2 mm
302 Flux inclusions as welded: max.
302 Oxide inclusions I=25mm
stress relieved:
| <20 mm
3.1 5071 Linear misalignment |> 0,5 a h<o,1t h<o,05t
between plates
max. 3 mm max. 1,5 mm
5072 Transversely circular |> 0,5 a h<o,;5t a
welds at cylindrical max. 1 mm
hollow sections
3.3 508 Angular misalign- >0,5 B <2° p=<1° p=<1°
ment b
a  Same values as given for quality levels B and C respectively Table 1.
b Not defined.
¢ Valuesidentical with ITW-Doc. XIII-2323-10. The values are proved by IIW for a material thickness of 10 mm and above.
Lower material thicknesses may beapplicable.
d  Thelimit of imperfection corresponds to the ratio between the sum of the different pore areas and the evaluation area.
If the distance between two pore areas is less than the diameter of smallest pore area, an envelope surrounding the both
pore areas is relevant as one area of imperfection. If the distance between two pores is smaller than the diameter of one of
the neighbouring pores, the full connected area of two pores is the sum of imperfection areas.
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