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Foreword

ISO (the International Organization for Standardization) is a worldwide 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
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th 1SO, also take part In the work. ISO collaborates closely with the International EJE0
ion (IEC) on all matters of electrotechnical standardization.

nal Standards are drafted in accordance with the rules given in the ISO/IEC Directives; Part 3.

task of technical committees is to prepare International Standards. Draft International Standa
pchnical committees are circulated to the member bodies for voting. Publication as an |
requires approval by at least 75 % of the member bodies casting a vote.

is drawn to the possibility that some of the elements of this part of 1SO 15614 may be thg
hts. ISO shall not be held responsible for identifying any or all such patent rights.

4-8 was prepared by the European Committee for Standardization (CEN) in collaboratio
| Committee TC 44, Welding and allied processes, Subcommittee SC 10, Unification of requ

of metal welding, in accordance with the Agreement ontechnical cooperation between IS
\greement).

4 consists of the following parts, under the general title Specification and qualification
es for metallic materials — Welding procedure test:

1: Arc and gas welding of steels and:art welding of nickel and nickel alloys
2: Arc welding of aluminium and'its alloys

3: Arc welding of cast iron

4: Arc welding of aluminium castings

5: Arc welding oftitanium, zirconium and their alloys

6: Arc welding of copper and copper alloys

7: Corrosion resistant overlay, cladding restore and hardfacing

8. Welding of tubes to tube-plate joints

trotechnical

'ds adopted
hternational

b subject of

n with 1SO
irements in
D and CEN

ndard...".

of welding

— Part
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9: Arc underwater hyperbaric wet welding
10: Underwater hyperbaric dry welding
11: Electron and laser beam welding

12: Spot, seam and projection welding

13: Flash and butt welding

Annex ZA forms a normative part of this part of ISO 15614. Annex A of this part of ISO 15614 is for information

only.

© ISO 2002 - All rights reserved


https://standardsiso.com/api/?name=1eb23b2adff31822590740c2ccf3649d

ISO 15614-8:2002(E)

Annex ZA provides a list of corresponding International and European Standards for which equivalents are not
given in the text.

For the purposes of this part of ISO 15614, the CEN annex regarding fulfilment of European Council Directives has
been removed.
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Foreword

This document (EN ISO 15614-8:2002) has been prepared by Technical Committee CEN/TC 121 "Welding", the
secretariat of which is held by DS, in collaboration with Technical Committee ISO/TC 44 "Welding and allied
processes".

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 October 2002, and conflicting national standards shall be withdrawn at the
latest by Ocfoter2002:

This document has been prepared under a mandate given to CEN by the European Commission and the
European Fiee Trade Association, and supports essential requirements of EU Directive(s).

Annex A is informative. Annex ZA is normative.

According tp the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries ar¢ bound to implement this European Standard : Austria, Belgium, Czech.Republic, Denmark, F|nland,
France, Gelmany, Greece, Iceland, Ireland, Italy, Luxembourg, Malta, Netherlands, Norway, Portugal, [Spain,
Sweden, Switzerland and the United Kingdom.
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This European Standard specifies requirements for the qualification testing of welding procedures for the arc
welding of tube to tube-plate joints in metallic materials by manual, partly mechanized, mechanized or automatic
processes.

This standard is a part of a series of standards. Details of this series are given in prEN ISO 15607, Annex A.

Qualification by tube to tube-plate joint tests can be used for all joints even if they are fully loaded or only seal

welded

In such

as required in application standards.

cases, one or more special test pieces should be made to simulate the production joint in a

Il essential

features
conditio

This stg
does nd
welding

For other applications and/or requirements the standard can be used if required by.the specification.

Repair

2 Nag
This Eu
normati
dated r

Standamd only when incorporated in it by amendment ot revision. For undated references the latest ed

publica
EN 287
EN 439
EN 571

EN 104
welded

EN 132

EN 1418, Welding,personnel — Approval testing of welding operators for fusion welding and resis

setters

EN 143

, €.g. dimensions, restraint, heat sink effects. The test should be carried out prior to and
ns to be used in production.

ndard applies to fusion welding of metallic materials for tube to tube-plate joints with-gap. Th

t apply to tube-sheets with forged end connections with welded tubes (external/internal bore
of tube to tube-plate joints without gap welding procedure test should be defined.in the specifig

velding should be considered in the welding procedure test.

rmative references

ropean Standard incorporates by dated or undated reference, provisions from other publicati

Ve references are cited at the appropriate places in.the’ text and the publications are listed he

bferences, subsequent amendments to or revisions-of any of these publications apply to this
on referred to applies (including amendments):

2, Approval testing of welders - Fusion.\welding - Part 2: Aluminium and aluminium alloys
Welding consumables — Shielding.gases for arc welding and cutting.

1, Non destructive testing ~PRPenetrant testing — Part 1 : General principles.

B-1, Destructive tests on welds in metallic materials — Hardness testing — Part 1 : Hardness
joints.

L, Destructive.tests on welds in metallic materials — Macroscopic and microscopic examination

for fullysmechanized and automatic welding of metallic materials.

b CNon destructive examination of welds — Radiographic examination of welded joints.

under the

s standard
velds). For
ation.

bns. These
eafter. For
European
ition of the

fest on arc

of welds.

fance weld

EN 1708-1, Welding — Basic weld joint details in steels — Part 1 : Pressurized components.

EN ISO

4063, Welding and allied processes — Nomenclature of processes and reference numbers

(1SO 4063:1998).

prEN ISO 9606-1, Approval testing of welders - Fusion welding - Part 1: Steels (ISO/DIS 9606-1:2000)

EN ISO

9606-3, Approval testing of welders — Fusion welding — Part 3: Copper and copper aloys

(ISO 9606-3:1999).

EN ISO

9606-4, Approval testing of welders — Fusion welding — Part 4: Nickel and nickel alloys

(ISO 9606-4:1999).
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EN ISO 9606-5, Approval testing of welders — Fusion welding — Part 5. Titanium and titanium alloys, zirconium
and zirconium alloys (ISO 9606-5:2000).

prEN 1SO 15607:2000, Specification and qualification of welding procedures for metallic materials — General
rules (ISO/DIS 15607:2000).

CR ISO 15608, Welding — Guidelines for a metallic material grouping system (ISO/TR 15608:2000).

prEN ISO 15609-1:2000, Specification and qualification of welding procedures for metallic materials — Welding
procedure specification — Part 1 : Arc welding (1ISO/DIS 15609-1:2000).

prEN ISO 15614-1:2000, Specification and qualification of welding procedures for metallic materials — Welding
procedure test — Part 1. Arc and gas welding of steels and arc welding of nickel and nickel alloys
(ISO/DIS 15614-1:2000).

EN I1SO 65R0-1, Welding and allied processes - Classification of geometric imperfections in metallic wmatefials —
Part 1: Fugion welding (ISO 6520-1:1998).

EN 29692 Metal-arc welding with covered electrode, gas-shielded metal-arc welding and-~gas welding - Joint
preparatiofs for steels (ISO 9692:1992).

3 Terms, definitions and symbols

3.1 Terms and definitions

For the pufposes of this European standard, the terms and definitions given in prEN ISO 15607:2000 apply.

3.2 Synlbols
For the pufposes of this standard, the following symbols:apply and are shown in Figure 1, 2 and 3:
a throat thickness (mm) (in this case, the minimal distance between root point and weld surface)
b Pore size (mm)
d, thbe-outside diameter (mm)
d,  nminimum distance between two pipes (mm), see Figure 2

g dap between tube'and tube plate

(7))

tarting pointefithe root run

t  thbe-wallthickness (mm)

t;  cladding thickness (mm)

I,  tube-plate thickness (mm)

2 © 1SO 2002 — All rights reserved
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Figure 1 — Presentation of symbols in an example

Rreliminary Welding Procedure Specification (pWPS)

General

The gpalification for tube to tube-plate welding tests shall be based on a pWPS in accordance with p
15609-1:2000. It shall specify the relevant parameters’isted in 4.2 and 4.3.

4.2

Items for all welding process es

Detailk relating to the following items shall be recorded for all welding processes :

a)
b)
c)
d)
e)
f)
9)
h)

=

elding process, or processes.when more than one is used in making a complete joint ;

—

ybe-plate specification and-thickness and details of any cladding and its thickness ;

—

ybe specification, thickness and outside diameter ;

tch type (square or triangular) and distance between pipes ;

o

qint geometry, actual borehole diameter and fit-up tolerances (sketch) in accordance with EN 29

—

(@]

eaning and degreasing (time during the fabrication steps and type) ;

jigging or tacking, tacking position and expansion;

tube-plate and welding position ;

type and/or trade name of welding consumables ;

size (diameter) and wire lengths per run ;

pre-heating and interpass temperature, including method of control ;
welding speed (mechanized welding) ;

number and arrangement of runs, starting points of runs and weld dimensions (sketch) ;

© I1SO 2002 — All rights reserved
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n) welding sequence ;

0) post-weld heat treatment, including method of control ;

p) if necessary, the temperature and time recommended for drying/backing of welding consumables before use

q) any special features, including heat imput control requirements, any heat sinks effects or post-weld tube
expansion.

4.3 Items for particular welding processes

Details relating to the items given in 4.3 a) to 4.3 d) shall be recorded for these particular processes, in addition
to the itefns given in 4.2. The reference numbers of welding processes relate to EN TSO 4063.

a) Manyal metal arc welding (111)
— plternating or direct current and polarity ;
— turrent.

b) MIG|welding, MAG welding, solid wire or cored wire, with or without separate~gas shield (114), (131), (135),
(136), (137)

— phielding gas designation in accordance with EN 439 and flow rate ;

— prc voltage ;

— wire feed speed or current ;

— for pulsed welding : the pulse time and frequence;, pulsed current and background current.
c) TIG yvelding (141)

— phielding gas designation in accordahce with EN 439 and flow rate ;

— plternating currrent (AC) or direct current (DC) and polarity ;

— turrent in ampere ;

— for pulsed welding . the pulse time and frequency, pulsed current and background current ;

— Wwhether filler metal is used.
d) Meclhanized ot automatic welding

— fllitems detailed in b) or c¢) and the following items if necessary :

— arc length or arc voltage ;

— where filler metal is used its rate of addition or wire feed speed relating to the wire diameter
(see 4.2)));

— other pre-programmed welding variables such as :
— pre- and post-gas purge times ;
— changes in current level ;
— current slope up and down rates ;

— welding travel speed and degree of overlap ;

4 © 1SO 2002 — All rights reserved
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— when considering front face welding, the following additional information :
— radius of electrode rotation ;
— electrode angle relative to the tube axis ;

| other welding processes, the welding parameters shall be specified.

5 Qualification of welding procedure

The d
exam

6 V

6.1
Procs
in pro

with p
qualif

6.2

6.2.1

Exam

6.2.2

Wher
small
equal

ualification of welding procedure for the tube to tube-plate welding shall be carried out by‘an
ning body related to the appropriate application standard or specification.

Velding of test pieces

General
dure test pieces shall be produced in accordance with 6.2 and shall simulate the joint geometry
duction or a similar geometry within the requirements of clause 4. Welders shall be qualified in

rEN 1SO 9606-1, EN 287-2, EN 1SO 9606-3, EN 1SO 9606-4 or-EN ISO 9606-5. For welding of
cation can be carried out during the tests in accordance with"EN'1418.

Type of test piece

Joint preparation and joint construction

ples of joint preparation according to EN 29692 and joint construction are given in EN 1708-1.

Tube ends welded on triangular pitch

b tube end welds are involved on a triangular pitch, a minimum of 10 tube ends with an outg
br than 40 mm (< 40 mm) or<@.minimum of 7 tube ends (area A) with an outside diameter gr
to 40 mm (= 40 mm), shall'be welded as shown in Figure 2.

examiner or

to be used
accordance
erators, the

ide diameter
pater than or
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=35

@

\/\\\/ \/JU

=35

i
area A area B

Key
q Minimum distance between two pipes
Sp Starting point of the root run

A-A/B-B Ground sections of a test specimen (examples for the location of the cut lines)

Figure 2 — Test piece fortube ends on triangular pitch

6.2.3| Tube ends welded on square pitch

Wherg tube end welds are involved on a square pitch, a minimum of 12 tube ends with an outdide diameter
smallgr than 40 mm (< 40 mm)‘er a minimum of nine tube ends (area A) with an outside diameter greater than or
equal|to 40 mm (> 40 mm)-shall be welded as shown in Figure 3.

6 © 1SO 2002 — All rights reserved
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7 EX

71 P

7.1.1

For a wi
with 7.1

area A

Minimum distance between two pipes
Starting point of the root run
Ground sections of a test specimen (examples for theacation of the cut lines)

Figure 3 — Test piece-for tube ends on square pitch

Amination and testing
erformance

Seneral

blding procedure to be qualified the same test piece representing the welding procedure test shall comply

2 to.7(I°6 and, when required, with the push-out tests described in 7.1.7.

7.1.2 Visual examination

After appropriate cleaning and if required any post-weld heat treatment, and prior to the cutting of test
specimens, the test piece shall be examined visually 100 %.

The welds shall show uniform contour without excessive reinforcement, with the bores of the tube free from any
spatter and shall be in accordance with Table 1.

7.1.3 Penetrant examination

The external surfaces of all welds shall be subjected to a 100 % penetrant examination in accordance with
EN 571-1.

© I1SO 2002 — All rights reserved
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7.1.4 Radiographic examination

All test welds, except those for push-out tests, shall be radiographed in accordance with EN 1435. An example is
given in Figure 4. In this case, the tube-plate shall be reduced in thickness of 5 mm to 12 mm.

Dimensions in millimetr

Key

1) Ray
2) Radi
3) Film
4) Film
5) Stop

715 M
After visu
sawing o
shall be p

Macroscqg

700
N

source
hted marcasite (steel/lead)

Cassette
per

Figure 4 — Performance of the radiographic examination

hcroscopic examipation

al and non-déstractive examination, the test piece shall be sectioned as shown in Figures 2
machining ‘and exposing two starting points of the root runs. The macroscopic examination SI
repared‘and examined in accordance with EN 1321.

pic’examinations of additional sections to assess compliance with the acceptance levels in 7.2

carried o

t where radiography reveals imperfections other than gas pores

7.1.6 Hardness test

es

nd 3, by
ecimens

shall be

A hardness row normally HV 10 in accordance with EN 1043-1 shall be carried out only for the steel groups 2, 3,
4, 5, 6 and 7 in accordance with CR ISO 15608 and for dissimilar metal joints between austenitic and ferritic

steels.

The hardness shall be recorded for the weld metal, both parent metals and the heat-affected zones.

7.1.7 Push-out or pull-out test

If required by the specification, push-out or pull-out tests can be required.

© 1SO 2002 — All rights reserved
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7.2 Acceptance levels

7.2.1 General

It should be appreciated that the following details are being used for the qualification testing of welding
procedures and as such may be different from those specified for a particular application.

7.2.2 Visual examination

Table 1 — Visual examination

N° | Imperfection/ EN ISO Remarks Limits for imperfections
designation 6520-1
reference N°
1 |Crgcks 100 all types of cracks not permitted
2 | Crater crack 104 not permitted
3 | Sufface pore 2017 all types of pores, they are visible not permitted
open end on the surface
crater pipe 2024
4 | Bufn through of not permitted
tubp wall
5 | Overlap 506 x < 0,5 mm for tubes,
d, < 25 mm outside diametgr
and
X
X <1 mm for tubes,
da
d, > 25 mm outside diametgr
6 |[Bufn down of Not permitted; where it reduces
tubp end (only the weld below its required
fillgt welds) dimensions
7 | Unglercut 5011 0,1t

7.2.3 Penetrant examination

Any indication of dimensions in the weld metal or heat-affected zone is not acceptable.

© 1SO 2002 — Al rights reserved 9
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7.2.4 Radiographic examination

Table 2 — Radiographic examination

N° | Imperfection/ EN ISO Remarks Limits for
designation 6520-1 imperfections
reference N°
8 |Cracks 100 all types of cracks not permitted
9 | Elongated 2015 not permitted
cavifies; 2016
worr}wholes
10 Cluitered 2013 notpermifted
(localized)
cavifies
11 | Gas pores 2011
unifgrmly d,
distnjbuted, 2012 d-<0.25
pordsity, linear p=<02pt
porgsity 2014 g
‘ max. 1 mm
¢
- per tubejoint max. two pores with pore size d
permitted
rdistance between two pores min. distance 2 x dy in
direction of circumference
12 | Solid 300 not permitted
inclysions
13 | Lack of fusion 401 not permifted
14 | Lach of 402 not permitted
peneftration
[

10 © 1SO 2002 — All rights reserved
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7.2.5 Macroscopic examination

Table 3 — Macroscopic examination

N° | Imperfection/ EN ISO Remarks Limits for
designation 6520-1 imperfections
reference N°

o see Table 2

14

15 | Weld a> 9|t
thickness

The throat dimension ajissequal to the radius of the
largest circle totally inscribed in the weld whose centre
is situated in the rootof weld

7.2.6 Hardness values

The resylts from the hardness test shallmeet the requirements given in prEN I1ISO 15614-1:2000, Tablel 2.

7.2.7 Rush-out or pull-out load

The regdirements should pe defined in the specification.

8 Rapge of gualification

8.1 General

All the conditions of validity stated below shall be met independently of each other. Changes outside of the
ranges specified shall require a new welding procedure test.

8.2 Related to the manufacturer

A qualification of a WPS obtained by a manufacturer is valid for welding in workshops and sites under the same
technical conditions and quality control of that manufacturer.

© 1SO 2002 - All rights reserved 11
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8.3 Related to the material

8.3.1 Parent metal

For the purposed of this standard, the groups of materials listed in CR ISO 15608 shall apply. For the range of
qualification the relevant part of prEN 1SO 156141 shall be used.

8.3.2 Tube-plate and tube dimensions

For all geometrical details the ranges of qualification are given in Table 4.

Tabte4—Range of quatificatiomrforgeometricatdetaits
. . Test piece Range of approval
Designation in mm in mm

Cladding tHickness th <3 >t

t >3 >3
Tube-plate thickness <35 >t

t, > 35 >35
Tube-wall th|cl_<ness ¢ 05 tto2 t
- manual welding
Tube-wall thickness
— mechanized or automatic t t£0.21
welding
Tube-outsifle diameter d, > dy
8.3.3 Tule pitch
The qualifi¢ation of a welding procedurejusing a particular pitch of tubes shall include qualification for any other
type of pitgh provided that the minimum distance between two pipes d, (see Figures 2 and 3) is not reduced to
below that used in the qualified welding procedure.
8.4 Common to all welding procedures
8.4.1 Welding proeess
The qualificatian¥is valid only for the welding process used in the welding procedure test. In a multi-process

procedure ‘est the qualification is only valid for the order used during the qualification test.

8.4.2 Welding position of tube-plate

The qualification is only valid for the welding position used in the welding procedure test.

8.43 Typ

e of joint

The qualification is only valid for the type of welded joints used in the welding procedure test.

D As long as relevant parts are under preparation the range of qualification should be in accordance with the specification.

12
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8.4.4 Filler metal, classification
The qualification range of filler metals covers other filler metals as long as they are :

— either in the same group of tensile properties. Change in the type of coating will entail new qualification of
the welding procedure ;

— or within the same nominal chemical composition.

8.4.5 Filler metal, dimensions

The qualification given is for the diameters of electrodes or for the diameters of wires or for special consumables,
e.g. insdrts, used in the welding procedure test.

8.4.6 Type of current

The qudlification given is for the type of current (alternating, direct or pulsed current) and polarity used in the
welding |procedure test.

8.4.7 Heatimput
The reqlirements of this clause only apply when the control of heat imput is-specified.

When hardness requirements apply, the lowest limit of heat imput is_that'used in welding procedure tgst or may
be 25 94 greater than that used in welding the test piece.

8.4.8 [WPre-heat temperature

—

The lowgr limit of qualification is the pre-heat temperature-used at the start of the welding procedure test.

8.4.9 Interpass temperature

The upper limit of qualification is the nominalifterpass temperature reached in the welding procedure test.

8.4.10 Post-weld heat treatment
Welding| procedure test with heattreatment does not include welding procedure test without heat tregtment and

vice verpa. The temperature range used for the welding procedure test is the range qualified. Wherg required,
heating fates, cooling rates_and-holding time shall be related to the production component.

8.4.11 $hielding gas

The gqudlificationgiven to the shielding gas is restricted to the type of gas (nominal composition) in accordance
with EN439 used"in the welding procedure test.

9 Welding, Procedure Qualification Record form (WPQR)

A Welding Procedure Qualification Record (WPQR) is a statement of the results of assessment of each test
piece including re-tests. The relevant items listed for the WPS in clause 4 of this standard shall be included,
together with details of any features that would be rejectable by the requirements of clause 7.

If no rejectable features or unacceptable test results are found, a WPQR detailing the welding procedure test
piece results is qualified and shall be signed and dated by the examiner or examining body.

A WPQR format shall be used to record details for the welding procedure and the test results, in order to facilitate
uniform presentation and assessment of the parameters.

An example of the WPQR-form is shown in annex A.
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Annex A (informative)

Welding Procedure Qualification Record form for tube to tube-plate joints

(WPQR)

Welding procedure qualification - Test certificate

Manufacturer's welding procedure Examiner or examining body

Referenge N° @ ... Reference N° @ .coveiiiiiee i e
1Y = LU= ot (1] T SR UPUPPUPRRR = SURRRRY I
e [0 [ £ =TT PO PO PP UPUTTPPPPPPPPPTRPE S S UPPUPPPTTUPPIY IEP
Code/Tepting standard : .......ccoooeiiiiiii el N e
(D= 10T ] R 111 o 1 oo T PPN et SEPPPPPPRPRPPRPSSPRPRPSPPPRRRY IR
Extent of qualification

VAT =] [o LT To T o] £ LoT= = N N S PPRPPPPPPRPSPRPRPRY ISP
(o] o101 o1 - O D S S PRSP PP OPPPRPPPPPPTRPUPPPPOPPPPTTOTN IR
Parent metal (S) : tube-plate : ... Cladding : .....ccoovveeen. Tube : .l
Thicknesp of tube-plate (MM) @ ......ccooeevrieieceee et Cladding (mm) : ........ Tube (mm) : ........|.....
Tube-outside diameter (Mm) @ ... (CT: 1ol (2) N (101 10) I I
1T = ¢= LR 8] 1= T SRR PP PPPUPIPPPPPPSPPPRRRY IR
ST a1 o [l T I T= L O o ST O PP PP PP PUPPU T PUPPPTROUPPPTPUIRY PN
Type of Welding CUrrent & ... e
VAT L= (o [T To T 0] Ao L P PPPPPRPRPPPRPRRRY ISPt
= 1T L1 O e SO PRRPOPRRRSRRRY I
Post-weld heat treatMENT & ... e e e e s e e e e s s enbreee e e e e e e e e
(O 11 [T Tai o] 4= 110 SRR SSRTURRRRTUPI ISP
Certified[that test welds prepared, welded and tested satisfactorily in accordance with the requirements of
the codeltesting standard indicated above

Locatio Bate-of isstred EXaminer of examining body

Name, date and signature
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