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Preliminary remarks:
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Enforcement of this leaflet is governed by the provisions
contained under "Application" at the end of this document.
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1 - Purpose of the leafiet

This leaflet lays down methods and conditions for approval of
a welding procedure (WP) based on a welding procedure
description (WFPD), together with the conditions for undertaking
qualification tests and the validity limits of an accepted
procedure.

The welding procedure description is .compulsory.

When the welding procedure is compulsory, it shall require
qualification through the welding test procedure described in
this leaflet.

In the case of bult-welds, a welding qualification test is
compulsory for all class B joints shown in drawings in line with
the design specification.

For qualification of class C assemblies (1) and class B {1) fillet
welded joints, the method of qualification of the welding
procedure must be subject ta agreement between the builder
and the customer railway and qualification may be obtained
using one of the following rmethods:

- from experience acquired;

- by reference to a standard procedure in a procedure
description approved by the customer railway or by an
approved body;

- by producing a prototype {or pre-production test);

- by a standardised welding procedure test.

{1} The sxaminations and .checks on such assemblies may be carried out in
accordance with Tabla 5.
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Additional gualification testing {mock-ups ‘or test assemblies)
must be covered by an agreement between the builder and the
customer railway.

A standardised welding procedure test shall be compulsory
whenever the properties of the material in the weld metal and
the heat-affected zone are critical for the structure,

The processes of qualification and monitoring during
manufacture shall be covered by UIC Leafiet 897-13 (1)

2 - Scope

This leaflet shall apply to any welding or resurfacing operation
(construction and repair) perfermed on welded structures of:

railway rolling stock,

lines or pipes and accessories for this rolling stock,

machine welding of the components of this rolling stock,

containers.

Resurfacing shall be covered by a welding procedure specified
in-advance and submitted to the railway for approval.

{1y Leaflet B97-13 "Technical specification for guality control on rolling: stock
assemblies made of stegl” (1o be published).
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3 - Domain of qualification
3.1 - General

The domain of qualification for which a procedure description
is qualified shall cover all the following variables:

the welding process,

the type of welded joint,

the base material and filler product,

the dimensions of the test joint,

the position in which welding is performed,

the application technigue,

The Examiner shall be the competent authority assigned to
pronounce the qualfication of a procedure description. He may
belong to the railway or to an outside examining bady
dpproved by the railway.

The results of qualification tests shall be recorded in a
document and certified by the examiner, on his sole
responsibility.

This document must, as a matter of obligation, include not just
the manufacturer’s identification but alse complete information
about the procedure description, the tests and the results of
the tests.

Documents prepared by the manufacturer shall be accepted
only if they include the requisite information.
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3.2 - Welding processes

3.2.1-This leaflet shall apply to the classified (1) welding
processes listed below {2).

Each welding process may be manual, semi-automatic or
automatic, as the case may be:

- 11: arc welding with core wire (without shielding -gas),
- 12: arc welding in flux in powder;
= 137 arc welding with core wire (with active shielding gas)

- 147 arc welding with refractory electrode {with active
shielding gas),

- 15 plasma arc welding.

For- other processes not mentioned above, a 3special
qualification procedure shall he compiled,

Each of the welding processes may be qualified separately or
in combination with other processes when a welding procedure
entails several different welding operations. Similarly, cne or
more processes may be removed from a qualified welding
procedure, provided that the thickness of the weld joint lies
within the thickness validity range (see point 3.4.1) for the
process{es). chosen.

(1) ef. 150 857 standard
(2) of. 1504063 standard
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3.2.2 - Each test shall normally serve to approve a single
process. It follows, therefore, that a change of process shall
necessitate a new gualification test.
3.3. - Qualification joints
3.3.1 - The qualification samples shall be butt welds (WD) on
plates or pipes. The preparation of the edges and alignments
must conform to the welding procedure description. (WPD).
3.4 - Materials and filler products
3.4.1 - Materials.
Rolled, forged and cast materials shall be covered.
The materials shall be classified in 9 groups.

Steels with the same. metaliurgical and welding properties shall
he grouped together as shown in Table 1.
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Table 1
Group Type of steel
1 {2 Steels:
. with sgecmed minimum_yield strength Y5 < 355
N/mm
or with tensile strength TS < 620 N/mm®
and a chemical composition on casting not exceeding
it Yo
C 024 %
Si 0.55 %
M 1.60: %
Mo .65 %
P.5 0.045 %
All others 08 %
Any one othet 03 %
2 Standardised fine-grained steels with spemfled
(2) minimum yield strength- Y$ > 355 Nimim’
3 Fire-grained steels, hardened and tempered, with
specified mimumum yield strength Y5 > 500 N#mm?
4 1) Steels with Cr max 0.5 %, Mo max 0.5 %, V max 0:25 %
5 (1) Steels with Cr max 9 %, Mo max 1.2 %
65 (1} Steels with GF 12°%, Mo max 1. %, V. max 0.5 %
711} Steels with Ni max 8 %
8 (1) Stainless steels, ferritic or martensitic, with
Cr 12 4 20 %
9 Stainless austenific steels Gr - Ni
(1) : Forgroups 4 to 8 the alloy content is calculated from

the chemical analysis on casting.

{8y :  If qualification has not been carried out for the materials’
limit values, it should be performed once again for these materials.
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3.4.2 - Qualification according to base materiala
3.4.2.1 - Base materials belonging to the same group

A ‘welding procedure qualification test carried out on one of
the steels of the group shall be valid for steels with a lower
degree of alloy, for the steels with intentionally incorporated
additional elements, or for steels with a lower specified yield
strength in the same group, provided that the filler metals used
for this test can also be used for the other steels in that
group. Group 2 covers Grouwp 1.

3.4.2.2 - Base materials not belonging to the same group

A separate welding procedure qualification test must be
carried out for each steel or combination of steels not
belonging 1o the grouping system. A steel which may belong to
two groups shall be classified in the group with the jower level
properties.

Welds used between two different types of joint shall require
the welding of specific samples. These samples shall not,
howsver, be necessary if the provisions laid dowh in Tabie 2
are met.

3.4.2.3 - Extent of validity for other combinations of materials

Combinations of materials not covered by Table 2 may be
accepted on condition that specific samples are welded. These
samples shall be produced using the welding procedure laid
down, the designated base materials and the filler metal
concerned. Tha quality of execution and fusion shall be noted.

897-12
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Table 2
Guiafification of existing welding Range of validity
precedure for following mixed
groups or joints
2 2 welded to 1
3 3 welded to 1
3 welded 10 2
£ welded 1o 2 8 welded to 1
8 welded to 2
B welded to 32 8 welded to 1
8 welded to 2
8 welded to 3
9 welded to 2 9 welded to 1
or S welded to 2
9 welded to 3 O welded to 3

3.4.3 - Filler products

Only those filler products approved by the railways may be
used {1).

A qualification remains valid for all filer products of the same
classification as those used in testing, except when impact
strength tests are required.

(1) laid down by Leaflels B97-1, 897:-4, BO7-6 and BI7T-B for the welding of steels in
Graoup 1.
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For group 11 welding processes:

The qualification of the diameter remains valid when using an
electrode with a diameter immediately: [arger or smaller than
the standard diameter, for each pass, with the exception of the
root pass executed on a joint weided on one side only.

For group 12 welding processes:

The. qualification given is limited to the system of wire Used in
the welding procedure qualification test (single or multiple-wire
systems).

The qualification given for the combination of wire or powder
is wvalid for the class used for the welding procedure
qualification test.

For group 13 welding. processes:

The qualification given for the combination of shielding gas
and wire is valid for the type of gas {nominal composition)
used in the welding procedure gualification tast.

The qualification given is limited te the wireé systef used. for
the welding procedure qualification test {single or multiple-wire
system).

For group 14 welding processes:

The gqualification given for the shielding gas is valid for the
type of gas (nominal composition) used in the welding
procedure qualification test.

For group 15 welding processes:

The qualification given is valid for the type of plasma gas and

the shielding gas (neminal composition) used in the welding
procedure qualification test.
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3.6 - Dimenslons of test joints (plates or plpes)
3.5.1 - Thickness of test joints.

The thickness of the qualification welded joint shail be that
which is closest to the thicknesses encountered in

construction.

The qualification of a welding procedure on a thickness "t"
shall be valid for the thicknesses of the domain of validity
given in Table 3.

Table 3
Thickness """ of Domain. of validity (2)
the welded joint (1) mm
1T
t<3 from 1 to 3 mm (3)
3<t<12 from 3 mm to 2t {3}
t>12 20 mm and above

{1} Thickness."1* shall mean the Tollowing:
& Fora butt weld:

af tha thickest matarial.

b) For a fillet wald:

of tha thickest material,

¢} For-a weld on plpe:

for joints betwean differsnt thicknesses, "t™ shall ba the thicknass

for_joints between ditferent thicknessas, “1" shall be the thicknoss

For sgch domaln of -validity of thickness ghen above, the qualification
of a filtlet weld having a throat "a™ Qives quatification for the ranga

of validity of throat thickriesses from “0.75 a" to' “1:5 8",

excapl for tests catrled out with g throat thickness greater or equal
15.10 i which-giva gualification for all throats having

thicknesses greater than or equal to 10 mm.

the thickness "t" shall ba the thickness of the-smaller pipe.
{2) It tasts are carrled out on thicknesses lags than 12 mm

{lower limit for impact strength tests], tha qualificatior

|3 only valld up 1512 mm In tha abserice of an impact strength test.
{aylt qualitication on a thickness "t I8 7 a single pass,

the corresponding domain of validity Is from 0910 1.1 1.
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3.5.2 - Diameters of the pipes of the test joint

The gqualification domain of validity for the outside diameter of
the tube is shown in Table 4.

Table 4

Quiside diameter “OD" of Domain of validity (3)

the test piece (1)

0D < 25 mm 2) from QD to.2 0D

25 « D'« 180 mm. 2} from 0.5 0D ta 2 O0

QD > 150 mm from 0,5 OD 1o all larger diameters

(1) For sattioris.of hollow monocylindrical bodies, 00 shall
ke the smallest dimoansion.

{2) The diametér of the pipe shall ba that which exisls I construction
and design of brake pipes.

(3} A welding procedure qualification test carried-out ¢n a plpe
inciined-at-angle (¥ qualities all pips inclination:anglos
greater than or equal to ¢ and less than or equal to 50°.

3.6 - Welding positions

The qualification test shall be carried out using welding
positions and angles encountered in production.

The angle « used shall be the smallest angle used in
constructon.

A qualification (pipe or plate) obtained in one position remains
valid in ali welding positions (pipe or plate) when no impact
strength or hardness requirement is specified.

897-12
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A qualification for all positions is obtained when a resilience
and/or hardness tast s specified, if the resilience test
specimens are taken in the positions where the welding energy
is highest, and the hardness test specimens in the positions
where the welding energy is lowest.

3.7 - Application technique
3.7.1 - Type of current

The qualification shall be granted only for the type of current
{d.c.. a.c. or pulsed) and the polarity used for the welding
pracedure qualification test.

When no resilience test is required, this clause may be waived
for processes 11, 12, 13, 14 and 15 of 1SO/DIS standard 4063
provided that both types of currént are specified in the
operating manual for the electrode.

3.7.2 - Welding energy

The range of validity for the welding energy shall be + 15 % of
the specified energy.

Whern different welding energies are used for multi-run welds,
a range of validity must be specified for each weld pass.

When a particular requirement is stipulated in order to test the
resilience or the hardness of the testpiece, the welding energy
may be increased by 15 % only above that used during the
welding procedure qualification test.
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3.7.3 - Freheating and inter-pass temperature

The lower limit of the range of validity shall be the nominal
preheat temperature applied at the start of the welding
procedure gualification test.

The upper limit of the range of validity shall be the nominal
inter-pass temperature reached during the weiding procedure
qualification test.

3.7.4 - Post-welding heat treatment

Adding or removing post-welding heat treatment shall not be
permitied.

The range of validity shail be the range of temperature used
during the welding procedure gualification test.

Heating rates, cooling rates and holding time must be in
accordance. with- the specified thermal cycle.

4 - Welding Procedure Qualification

4.1 - General

The qualification welded joints shall be made by welders
approved in accordance with Leaflet 897-11.

A welding procedure that has been successfully conducted in
accordance with a welding procedure description shall be
qualified within the meaning of this leaflet for all welding
operations in actual production.

897-12
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As a general rule, certification tests also qualify the welding
procedure(s) and the filler products used in the welding
procedure tests and the production of a prototype.

Tests on specimens of actual parts may be performed during
construction, as part of the stafistical quality control
programme based on destructive tests,

4.2 - Welded Joints
4.2.1 - Number of welded joints

The inspector shall be the competent authority in judging
whether or riot the samples are representative.

When the shape and the dimensions of the samples are not
sufficiently representative of the welded joint to be tested,
specific specimens must be prepared to simulate the required
joint in all its characteristics (dimensions, clamping, heating
cycle, etc:) under the same conditions as those to be used in
production. The number of welded joints to be made shall be
determined by the variables to be considered, these being
listed. in ‘chapter 3.

Additional specimens, or specimens larger than normal, may
be prepared to cater for the possible need for retesting (see
paragraph 6.3).

The directioni 6f rolling shall be indicated on the samples.
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4.2.2 - Shapes and minimum dimensions of the test joints
Each test joint shall be made up of 2 or more welded parts.

Figures 1, 2, 3 and 4 in Appendix 1 give a schematic
representation, valid for all positions, of the types of simple
joints to be produced.

Specific conditions of service or construction may make the
additional tests stipulated in Chapter 5 necessary, in order to
gain further information without having to produce new
specimens.

if the additional tests are carried out, the dimensions of the
specimens must be increased accordingly.

4.2.3 - Execution of the test joints

The welding of the specimens must be carried out according
to the proposed welding procedure description and under the
same general conditions as in production. The welding
positions and the limiting values for angles of inclination and
rotation must conform to the specifications of |SO standard
6347 and Article 3.5,

The welding and the testing of the specimens must be
supervised by the inspector, by his representative or by an
external examining body approved by the railway.

8§97-12
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5 - Examination of test joints and acceptance
criteria

5.1 - Examination of welded joints

Should the construction plant not have facilities for checking

qgualification tests for welding procedure descriptions, this may

be ‘done in a laboratory approved by the railway.

The specification and its accompanying documents shall

indicate the nature, location and dimensions of the marks to

be made on each test joint and specimen. All qualification test

joints shall be stamped with the inspector’s identifying mark.

5,2 - Examinatien during assembly

The examination shall be designed to check the different

parameters contained in the welding procedure descriptions.

5.3 - Examination following assembly

After completion of the weld, and foflowing heat treatment

where specified in the procedure, the test joints shall undergo
the: examinations and tests stipulated in Table 5,
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Table &
Test method Buft welds Fillet welds For qualification by production of a prototype (or pre-
plates and pipes w:fgg ggd pipes : production test), examinations must be performed, insofar as is
pipas possible, in accordance with these stipulations, which may if
- necessary be supplemented or replaced by special tests
Th gl HDD" N . B
lckness "t Pipe diamater appropriate to the nature of the welded joint.
<3 | saciz | »12 <25 |7scop<isa) > 150 |
; 5.3.1 - Nurmber and sampling of specimens
. Visual ! 1 1 1 i i
Calibration 1 i 1 1 1 1 . Spoacimen for visual examination and calibration.
i
Radiographict1} ! t@a o e e e ' The specimen shall consist of the welded joint itself.
Penetrant (3) 1 1 1 1 i : Spaecimen for radiographic examination.

or
magnetic particke

‘ The specimen shall consist of the welded joint itself, and the
Bending &) 4 4 radiographic examination shall be performed along the whole
length of the weld bead, following visual examination and

Tensile strength 29 2
calibration of the latter,
Impact strength: (5§ 69 3
Hardness (6) i (101 i 1 1 1 ] Specimens for tensile testing
Macraseopic (7) 30 | 3@ im 3 3 3 The specimens for these tests shall be taken as shown in

figure 1 of Appendix 1 and figures 5 and 6 of Appendix 2.

(i} The radiographic examitation shall be carried out in accordance with the
particular requirertients of -the railway.

{2} The uftrasonic exXaminatich may replace the radiographic examinatior. . ;
TN _IF:enetrant axamination only furynnr?-magnatic ratorials. Cutting shall be done by cold tool or torch. If the latter is used,
14} ‘There shall be 2 face and 2 root-bend tesls. 1 2
The twa face ard fwo root bend tests may be replaced by traces of the cutting and thermally-affected areas should be
4 "side" bend specimens tor t > 20 mm. rérmnoved.

{5 A series of ¥ specimans in the deposited matal and a serles of
3inthe thermlly-a;}ac:dad zone (TAZ). To be performed
only on parent metals with a specitied im strength or whean . f
o B ieation, standar, Specimans for impact strength test.
(6) Not to be performed .on motals with-tanslie strength
TS < 420 N/imm . . ) . .
2 The area reserved for taking specimens is shown in figure 1 of
(¥5:< 276 N/mm”) for group 9-Steels.

{7) The Samples mius1 ba taken from tha beginning and the @nd of the bead and Appendix 1 and figure 5 of Appendix 2.
an-a restart, Iif reguired. .

(8) Only tor welds on pipes. . .
Ultrasonic exarination only for ferritic steels and tor Cutting shall be done by cold tool or torch. If the latter is used,

> 10 mim: .
- traces of the cutting and thermally-affected areas should be
{9) Tha minimum thickness shail be determined by the customer rallway.
(10} Te be carried out if stipulated In the specitication. removed,
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The Charpy type specimen, with V-notch perpendicular to the
surface of the welded joint shall be taken in the skin 1 or
2 mm below the said surface as shown in figure 7.

The notch shall be 1 or 2 mm from the fusion line in the
thermally-affected zone, as shown in figure 7.

When the thickness exceeds 50 mm, a 3series of three
specimens shall be taken in the area near the weld root.

Three specimens must be taken at each specified position.

Specimens for bending tast on butt welds.

The specimens to be tested shall be taken as shown in
figure 1 of Appendix 1 and figure 5 of Appendix 2 of this
specification.

Cutting shall be done by cold tool or torch.

¥ the latter is used, traces of the cutting and the thermally-
affected zone should be removed.

Specimens for macroscopic examination and hardness
tasting

The specimens for macroscopic examination shall be taken as
shown in figures 1, 3 and 4 of Appendix 1 and figurs 5 of
Appendix 2.

897-12
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5.3.2 - Preparation of specimens
Impact strength test specimens.

The dimensions of the Charpy test specimens with V notches
must-comply with 1ISO- 148,

Transverse tensile test specimens.

The specimens for transverse tensile tests on welded joints
shall be prepared in accordance with 1SO/DIS 4136.

The tensile test specimens for pipes of outside diameter
greater than 50 mm must comply with figure & of Appendix 2.
The weld thickness allowance must be removed from both
sides so that the thickness of the specimen is equal to that of
the pipe.

The tensile test specimens for pipes of outside diameter less
than or equal to 50 mm must comply with either figure 6 of
Appendix 2 or figure 8 of Appendix 3.

The weld thickness allowance should be left as welded when
the whole diametrical section of the pipe is used.

In addition, the specimens shall undergo the folowing
preparation:

Specimens for radiographic examination.

The penetration flange should be removed whilst leaving the
parent. metal intact.
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Specimens for bending tost {Figure 9 of Appendix 3)

The dimensions of the bending test specimens for butt welds
and fillet welds must comply with the indications given.

The weld thickness allowance and the penetration flange shall
be removed, leaving the parent metal intact. Drifled edges shall
be rounded to a radius approximately equal to a tenth of the
thickness of the assembled parts.

Specimens for macroscopic examinations and hardness
testing.

The dimensions of the specimens for butt welds and fillet
welds must comply with the indications given in Appendix 1.

The specimens must be polished and etched with a reagent on
one side.

5.3.3 - Executioh of examinations and tests.

Calibration.

Calibration shall be carried out using a suitable template.

Radiographic examination.

The radiographic examination of the weld bead shall be
performed taking into. account the indications given in
accordance with the class B method of ISO standard 1106/1
{(butt welds on plates), I1SO standard 110672, and |SO standard
1106/3 (butt welds on pipes) depending on the material and
the canstruction requirements.

897-12
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The image quality number shall be that used for the
radiographi¢c examination of the welds that the qualified weider
will have to make, and shall be noted in the particular
specification.

Ultrasonic examination.

The ultrasonic examination of the weld bead shall be carried
out according to the procedure approved jointly by the builder
and the railway.

Bernding tests.
- Butt 'welds.

The bending test shall be conducted in accordance with the
indications in 130 standards 5173 and 5177,

The specimens shall be bent as shown In figure 4 of
Appendix 1, on a cylinder whose diameter shall be 4 times the
thickness of the specimen; the diameter of the rolls shall be 4
times the thickness of the specimen.

The bending angle must be at least 120° The side bend test
and/or the face and root bend tests for butt welds shall be
conducted according to standard {1SO 5173 or IS0 5177).

During the test, the specimens must not show defects in any
direction that exceed 3 mm in length.
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Macroscopic examination

The specification and its accompanying documents must state
the quality of the finish. In the absence of any indication, the
reagent used shall have the following composition:

- for steels in groups 1, 2 and 3

3 g ammoniacal copper chloride

25 cc distilled water

50 ¢¢ hydrochloric acid (d = 1.19)

15 g ferric chloride,

- for steels in groups 4 and 5

Reserved

- for steels in groups 6, 7,-8 and 9

Reserved

The macroscopic examination must cover a width of about
10 mm of unaffected parent metal.

Tensile test

The tensile test shall be conducted according to 1S0/DIS 4136,
The tensile strength of the specimen must not normally be less
than the minimum value specified for the parent metal.

Impact strangth test

The test temperature and the energy absorbed must comply
with the requirements laid down at the design stage of the
structure in question, whilst respecting the provisions of the
application standard.

g897-12
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Hardnass test

The hardness test shall be performed in accordance with ISO
standard 6507/1.

The Vickers HV 10 method shall be used. Imprints shall be
made in the weld metal, the thermally-affected zone and the
parent metal, with the aim of measuring and recording all
minimum and maximum values of the welded joint. This shall
normally include transverse imprints which shall be at most
2 mm below the surface.

There shall be a minimum of three individual imprints for each
of the areas measured, namely the weld metal, the thermally-
affected zone and both parent metals. The first imprint in the
thermally-affected zone shall be made as close as possible to
the fusion line.

The resuits of the hardness test must satisfy the fellowing
provisions:

- The Vickers hardness measured under the weld bead, for
group 1 steels, must be less than 350 HV 10.

- For steels in groups 2, 3 and 4, it must be less than
380 HV 10. For steels in groups 5 and 6 and for steels with
yield strength YS > 885 N/mm? a special value shall be
determined by agreement between the parties concerned.

6 - Conclusion of examinations and validity of
qualification
6.1 - Qualification

A procedure which meets all the stipulated requirement shall
quality the WPD.
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In the case of results being unsatisfactory, the WPD can not
be approved.

The existerice of values recorded which exceed the permitted
limiting values and of defects which exceed the permitted
limits under. Appendix 4 class B shall result in non-qualification
of the welding procedure [qualification by testing).

6.2 - Validity

A welding procedure carried out in accordance with the
provisions of this leaflet and meeting all the stipulated
requirements shall qualify concurrently:

- the welding process:

GQualification is valid only for the process(es) used during the
gualification test.

-the welding of any material or combination of materials
provided that the tests give a reasonable approximation of
the actual conditions of welding production.

A welding procedure description which has been used for the
gconstruction of the prototype shall qualify similar welded
joints.

A WPD shall be qualified if the range of validity defined for
each variable is included in that authorised by the standard
procedure approved by the competent authority.

6.3 - Retest

When a specimen does not satisfy one of the provisions. of the
visual examination or of the non-destructive tests specified in
paragraph 6.1, another specimen must be welded and put
through the same tests. If it fails to meet the corresponding
provisions, the welding procedure shall be considered not to
comply, as it stands, with the provisions of this leaflet.

§97-12
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Wwhen ona of these specimens does not satisfy the provisions
of paragraph 6.1 as a result of a local defect, another
specimen shall be taken for each defective specimen, either
on the same sample (if sufficient material is available} or on
another sample, which must then undergo the same test a
further time. '

If hone of these additional specimens satisfies the provisions,
the welding procedure shall be considered not to comply, as it
stands, with the provisions of this |leaflet,
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! Centre-jine of notch / mm
PM = parent metal
WM = weld metal
. - FL = tusion line
I TAZ = thermally-affected
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Application

From 1 January 1992.

All UIC Railways.

Record references

Headings under which this question has been dealt with:

- Question 5/SA/FIC - Revision of |eallets.
Approval of new Leaflet 837-12.
(Traction and ‘Rolling Stock Committee. Stockholm, June 1931}

- Finalisation of Leaflet 837-12.
(Paris, Novermber 19391).



