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1 = PURPOSE

1.1 - This specification governs the acceptarice and supply of
coated electrodes for manual arc welding of carbon, carbop-
manganese and low-alloy steels used in the manufacture and
repair of rolling stock,

1t. sets -out the minimum conditigns required for
acceptance purposes and for checking that supplied items comply
with: approved quality levels.

For special applications, the Railway may alse stipulate,
on the oprder or fts appended documents, check-tests and special
requirements retating to packing, markings and identification
cotours.

1.2 = Classification

The electrodes shall be defined on the order or its
appended decuments by the system of symbols laid down in UiC
leafTet B97-2,

2 - CHARACTERISTICS

2.1 = Electrodes

2.1.1 - Physical characteristics

fhe metal core shall be of uniform guality, with ne
trace of segregation or oxides, no scaling or other ir-
requliarities.

The coatirigi shall be of sufficiently even thickness
over beth its width and its. Tength, to ensure uniformity of
fusion, and shall not possess any defect 1likely to be
detrimental to its use. The coating shall be mechanically
sound.

Under normal conditions of voltage and current, as well
as those indicated by the supplier, there shall be no diffi-
culty in striking and re-striking the are, which shall remain
stable with no randem extinetion,

The fusigh of the coating shall be wnjform in relation

to the weld bead, not displaying any loosening or uneven burn-
off.

Spatter shall be of moderate size only.

It shall be possible for the slag to be removed easily
using a hand toadl,

The Yevel of smoke produced during fusion shail be
reasonably Tow.

2.1.2 - Geometrical characteristics

The dimensions and talerances permitted on  the
dimensions shall be in aeccordance with those specified on the
order or its appended documents; in the absence of any
indications on these documents, the tolerarces to be complied
with are as follows:

1) On the nominal lepgth: + 2 mm,

2) On the nominal diameter of the metal core: 1 3% with a
maximure of + 0.7 mm,

3) On the external diameter: + 3% at all points with a maximum
of + 0.15 am,

0r the ececentricity, the maximum value of "e" shown n
Figure 6 of Appendix 1 shall not exceed 5% of the nominal
diameter of the electrode.

2.1.3 - Symbolisation

The symbolisation of the product. szhall conform to
UIC Leaflet 897-1.




2.1.4 - Marks
Each packet or box of electrodes shall bear the follow-
ing marks:
= the name of the manufacturer,
- the scommercial description of the electrode,
- the number of the manufacturing bateh,

- the symbolisation of the &lectrgde in accordance with UIC
Leaflet 897-2,

- the diameter of the cora and the Yength of the elsctrode in
m}

- the number of electrodes per packet,

- the type of current to ke used, as well as the minimom and
maximum values of the clurrent gsed,

- in the event of uze with DC, the peclarity to be used,

=~ instructions for drying and use,

- the date of manufacture, or the code enabling this to he

ascertained must alsoe be stated 1f so specified in the order
or its appended documents.

Each electrode s identified by an inscription on the
coating.

2,1.5 - Vapours and fumes given off - Threshold Limit Value
(TLV)

During fusion of the electrode, the ceating shall not
give off vapours or fumes in guantities Yikely to be harmful
under ordinary conditions of wuse.

With regard to the nature and quantity of fumes,
vapours, dust and gases given off, the relevant mandatory
working regulaticns shall be observed.

Sw
A~

2.2 = Deppsited metal and welded assembly

2.2.1 - Physical characteristics and radiography

No defect due specifically to the eleéctrode shall be
accepted when aceceptance-testing and checking of supplied
materials are carried out,

The reguired quality standards are those of classes
B 15 and A1 of UIC Lteaflet 837-13, Appendices 2 and 3.

The values obtained for +the nominal recovery and
depaositicen coefficient shall be in acéordance with those
speeified in the order or its appended documents,

2.2.2 - Chemical characteristics

2.4.2.1 - Chemical analysis

Meta] deposition and sampling :hall be effected inm
accordance with the Railway's direetives.

2.2.2.2 = Hydrogen content

Hoif 10 H, < 15 em?/100 gr. under mercury

LH if H2 % 10 em?*/ 100 gr, under mercury

2,.2.3 =~ Mechanical characteristies

2.2,3,1 = On deposited metal
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Yensile Yield Elongation
Class of steel strength strength at failure
Rm (N/mm2) { Re (N/mm*} A (%)
Fe 360 to Fe 430 430/550 = 355 > 24
Fe 510 and assimilated| 510/650 2 380 212

Impact=strengths The test temperatures are:

First impact-strength digit

Test temperature (°C)

A bs = O

20

20
30
40

Thé mean value {for 3 tests) .
respect of this first impact-strength digit shall be greater
than 28 J, no value being less than 20 J.

of the fracture energy in

Second impact-strength didit

Test temperature {°C)

B Ll .

20

20
30
50

The mean value (for 3 tests} of the fracture energy. in
respect of this second impact-strength digit shall be greater
than 47 .f, no value being less than 32 J.

=~

2.2.3.2 - On welded joints

The tensile strength shall ke greater than the
minimum tensile-strength value of the base metal.

- MNotched bar impact-strength: see 2.2.3.1 above

- Bend test: Bending through 180° round a radiused former with
2 thickness equal to twice the thickness of the plate for
steels in grades Fe 360 to Fe 430, and to three times the
thickness of the plate for grade Fa 510 steels shall not
cause cracking. 5mall superficial cracks which do nrot extend
in depth during bending shall not be considered as a defect.
Discovery of larger cracks when taking delivery shall tead
to a further check invelving an extra bend test as well as a
tensile test as per Appendix 2,

3 - MANUFACTURE

The method of manufacture of the electrodes shall be left to
the manufactirer's discretion.

The menufacturer shall state the main c¢haracteristics of the
eleactrades and, at the Railway's request, the nature of the
manufacturing process.

The marufacturer shall not change the mapufacturing method
vithout first warning the Railway,

& = INSPECTION

4,1 - Inspection of electrodes

The manufacturer shall ensure continuous quality control
of hiszs produckts. He sghall thave available the requisits
instal lations and equipment for this purpose,
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Before submission, each batch of electrodes shall be
subjected, wunder the supplier's responsibility, to ‘the
depnsited-metal and welded joint tests.

The repretentative of +the Railway shall check the
inspection carried out by the manufacturer. He is authorised to
take test samples for this purpose.

4.1.1 - Submission

4%.1.1.7 - Condition of the electrodes on submission

The electrodes shall be offered ready for delivery.

i _1.1,2 - Batching of the supplies for inspection

The electrodes shal) be presented grouped into
batchesy; each batch shall contain only electrodes of the same
classification, with the same type of coating and the same
nominal diameter,

The siza of the batch and batching pér Toad shall be
specified in the order or its appended documents.

4,1.1.3 = Advice of submission

The date of submission shall be advised to the rep-
resentative of thé Railway in writing.

This advice shell indicate the quantity of slectrodes
submitted in each batch, as well as the references of the order
by which they are covered. At the time of submissien, 2
certificate showing that the provisions in this specification
have besn complied with, shall be handed to the representative
of the Railway.

7 =1 -12 -

§.1.2 - Type and number of checks and tests

The. electrodes shall be

tests and checks.

.1,

4.1.2.1 - Acceptarnce

subjected to the

following

Type of checks and tests

Number of checks: or tests

electrodes
2.5 mn
in diameter

éleckrodes
> 2.5 mm
in diameter

Checks on electrodes

- Physical characteristics

- Ceometricdl characteristics
= Fusion test

Tests on deposited metal

- Chemical analysis {1}

- Vérification of hydrogen
cantent or equivalent
verification (1}

- Tensile test

- Impact-strength test
{¥-notch)

Tests en welded joints

- Radiographic examination (1)

=~ Tengile test

- Impact-strength test
(V-nateh)

-~ Bend test

- Hot-cracking test (1)

Recovery and deposition
coeffigient (2)

=

2(3)

—

-t =3

b

To be specified in the erder or its appended documents.
Per diameter of electrodes with recovery > 105% to be
tested. To be specified in the order or its appended

documents,

Only in the case of electrodes 2.5 mm in diameter.

L .
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§.1,2.2 - lnspection of supplied materisls

The type and number of chécks and tests shall be the
same as for acceptance testing purposes, except that the
Railway shall select either tests on deposited metal or tests
on welded joints.

. 4,1,3 - Sampling and preparation of sampies and test-pieces

4,1,3,1 - Selection of samples

The representative of the Raiiway shall select, at
random, from each batch submitted, the electrodes which he
intends for testing, and shsll mark the packets or packing
indelibly.

§.1,3.2 - Welding of samples

4 1,3,2.1 - Ceneral

The samples shal]l be welded with the electrodes
selaected.

The steels uséd shall conform with 150/R 630:

- at Teast of grade B,

- in class Fe 360 to 430, for electrodes with & ténsile
strength of 430 to 550 N/mm?,

- in class Fe 510 or lTow-alloy steel in the case of electredes
with a tensile strength of 510 te 650 M/mm?.

The. dimeasions of the samples shall be ip
accordance with those shown in Appendices 1 and 2.

Welding shall be performed in  aeccordénce with
standard practice.

: The current shall always be less than the maximum
value indicated by the manufacturer.

The electrode shall be capable of being struck and
welded easily at the minimum current specified by the manu-
factursar,

During tests, the open-cireuit voltage at the
position of welding shall have the value recommended by the
manufacturer,

I either direct op alternating current can be
used, the welding shall be carried out using alternating
current.

Between each pass, the weld shall be copled in
still air, until a temperature of 250 °C is reached, measured
on the surface balf way along the weld and 30 mm from its
edges.

Each e#lectrode: shall be completely used ledving a
stub end of not more than 50 mm,

Mo repair iz permitted.

#.1.3.2.2 -~ Nature of the samples and test-pieces

Checks and tests shall he carried out for each
diameter of elactrode,
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OR
The conventional weld positions: are:
Type of samples W itio
and test-pieces eld pos n
- for fusion tests - the weld positions
speci fled by the symboli-
sation
- for testy on deposited metal - fiat
{Appendix 1) .
~ for tests on welded joints ~ fiat or vertical-up when
{(Appendix 2} the symbolisation of the
electrode allows this
position (1)
- for recovery and deposition - fiat
coefficient tests
£1) to be specified in the order or its appended documents

The sample shown in Appendix 1 of this specification
shall be melded as follows:

Weld beads shall be deposited in the normal mahner.

The thickness of each weld bead shall be between 2 wm
and &4 mm.

The direction of welding shall be reversed for each
pass,

Q0

The sample shown in Appendix Z of this specifi-

cation shall be welded as follows for electrodes of > 2.5 mm

di

a)

b}

ameter:
flat

The first pass shall be deposited using electrodes 3.15 mm
fn diameter, of the same class as the electrode to be
tested;

The subsequent: passes shall be deposited using electrodes of
the diametar to be checked;

The passes shall be deposited tn the normal manner.

vertical upwards

The first pass shall be deposited using electrodes 3.15 mm
ip diameter, of the same class as the electrodes to be
testeds

The subsequent passes shall be deposited using electrodes of
the diameter to. he checked, limiting weaving to 3.5 times
the diameter of the alectrode;

After removal of the root passs, further passes shall be made
in the same position using the electrode to be tested.

The 6 wm thick sample, shown in Appendix 2 of this

specification, is for electrodes of 2,5 mm dismeter,

As regards samples for recovery and deposition=

coefficient tests, the mode of operation to bé adopted 1s laid
down. in UIC Leaflet 897-3.

4,1.32.3 - Preparation of tast-pieces

4.1.3.3. - Ceneral

The weld beads shall be uniform.
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The cutting and machining of test-pieces shall he
carried out cald and with suitable precautions, to ensure that
no dppreciable heating of the metal occurs.

The edges shall be smopthed with a file or othaer
tool.

The samples and test-pieces shall not undergo any
thermal or mechanical treatment (1),

4%.1.3.3.2 - Fydrogen content
The sample intended for checking the hydrogen
cantent. shall consist of a section complying with one of the

three combinations recommended {in  Appeadix 3 eof this
specification.

4%.1.3.3.3 - Tensile, impact strength and bend tests

Tha wvarious test-pieces shall be selected as
indicated in:

- Appendix 1 of this specificdtion for tests on deposited
metal,

- Appendix 2 of this specification for tests on welded joints.

4.1.3,3.4 - Radiographic examination

The' radiographic examination shall be carried out
on welded sampies, before machining.

{1) However, in order to accelerate diffusien of the hydrogen,
the tensile test-piece for the test on deposited metal may
be brought up to a temperature of 250°C before the test for
a pariod of at Teast 6 hours but not exceeding 16 heurs,
with the puréhasing Railway's agreement,

QWL

4.1_.h = Ferformance of the checks and tests

b.1.4.1 - Physical and dimensicnal inspection. of the electrodes

Determination of the mean external diameter shall be
carried out by taking the average of the measurements taken at
points ane-third and two-thirds down the length of the
electrodes,

Determination of the eccentricity shall be effected
by any zuitable means.

The diameter and length of the wire of the metal core
and the concentricity of the coating shell be checked on 5
electrodes.

The electrode must be capable of being bent, leaving

a residyal deflection of 20 mm in its centre without deterior-
ation of the cgating.

4.1.4.2 - Welding test

The weiding depesition test shall be carried out! in
the positions prescribed by the symbolisation of the electrode.

It is designed to verify easy handling of the
electrode in each of these positions,

4,1.4.3 - Hydrogen content

The hydrogen content shall be deétermined in accord~
ance with Appendix 3 to this specification.

1.4 .8 - Tensile test

5.1.4.4.1 - For tests on deposited metal

The tenzile test-piece and the performance of the
test must be in accordanéé with the provisions of 1S0/R 82
Recommendation. The diameter of the test-piece shall be 10 mm
and the gauge length. 50 me,
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h.1.4.4.2 - For tests on welded joints

The tensile test-piece shall be in accordance with
fig, 5 of Appendix 2 of this specification,

4.1, 4.5 - Impact-strength test

The impact-strength test-piece and the performance of
the test: shall be in accordance. with the provisions -of
1S0/R 148 Recommendation,

4, 1,4,6 - Bending test

The test shall be carriad out in accordance with the
provisions in IS0/R 85 Recommgndation.

4.1.4.7 - Radiographic examination

The radiographic examination shall be carried out on
the welded joints; the order or Tts appended documents shall
state the gquality of the image necessary for ap appreciation of
radiographic. senaitivity.

The presence of at least one image quality indicater
(1.0.1.) per film is obligatory.

The X-rayed connection and film shall be clearly
marked.

4,1,4.8 ~ Hot-cracking test

The hot-cracking test shall be carried out in
accordance with the Railway's instructions.

4,2 = Inspection results

Any result pot  conforming with the specification shall
lead to refusal of acceptance or of the supply.

o e
e N ]

A fresh sampleé miay only be welded with the prior agree-
ment of the representative of the Railway.

5 = DELIVERY

5.1 - Packaging

After inspection and marking by the representative of the
Railway, unless otherwicse stipulated in the order, the packing
shall be sound ewough to protect the electrodes. during
transport and storage, against ‘any damasge, dincluding that
brought about by dampness.

2.2 - Cuarantee

In principie, acceptance shall be valid for a period of
one year, but can be renewsd by agreement between the manu-
facturer or supplier and the Railway.
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PROCEDURE FOR. THE DETERMINATION
OF HYDROGEN IN MilD AND
LOW-ALLOY STEEL WELD METAL

The procedurs described below has been adopted as an inter-
riational method of reference. For routine purposes, the
procedure defined in the Carman Standard DIN 8572 is suggested
as an alternative, to be applied over a transition peried in
laboratories not sccustomed to the use of mercury.

1 - Field of application

The present method is interided for assessment of the
centent of diffysible hydrogen in weld metal obtained with
covered electrodes to which are applicable the racommended
Fules of testing given in Doz, [1S/11W-56-60, "Method of
testing and approval of electrodes far welding mild and Yow
alloy High tensils steels”, (Welding in the Werld, Yoi. 1,
Mo. 1, 1963 pp. 3-17)., The same procedure for welding and
sampling is also applicable for the determination of total
hydrogen contents in mild and low-alloy steel weld metal.

2 = Parent plate material

The test-piece assembly 1s prepared from a semi-killed
grade of steel containing not more than 0.20% C and not more
Thain G.05% 5. Before use for the determination of total
hydrogen contents, tha test-pieces are: degassed under
conditions equivalent to those employed in the subsequent hot
extraction.

NOTE:  Doc. L1571 1W=-315-68 {ex doc. U[1-468-6B) recom-
mended for publication by Cormission I "Arc
welding” of the 11¥ and drawn up by Sub-Commission A

-1 - 2 -

“Metallurgy of the weld metal™, Document drawn up by
Commission 1|l of the |8 but not committing the !IW as
a whole,

3 - Electrodes

The electrodes to be tested under the present procedurs
stiould be of & mm core wire diameter, of -0f 3.15 mm in the case
of electrodes of a metal recovery higher than. 130%,

The electrodes to be tested are baked at 125°C for two
hours if ne directions for drying are suppiied by the mami-
facturer; this procedure should not however, be applied to
eisctrodes contaiming more than 5% by weight of cellulose in
their coverings. Vf the electrode is claimed to be a hydrogen-
controlled brand, the baking temperature should be 250°C; if
the makar recommends a pre-drying teeatment: before the elec-
trodes dre used, this procedure should be followed.

4 - Welding fixture

A copper jig, as shown in Fig. 1, is used for the alignment
and clamping of the teést-piece assembly. The temperature of the
jig should be 25°C + 5°C before testing.

5 ~ Test-piece assembly

The test-piece assembly sbown in Fig, 1 consists of run-om
and run=off pieces and & central sample section of 30 mm total
Tength. Duplicate determinations are made using the entire
length of this section. 1t may be divided inte four specimens
of 7.5 mm length each, as indicated in Fig. 1, or inte two
specimefs of 15 mm each, or one specimen of 15 mm and two
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specimens of 7.5 wmwm. Three optional combinations are
recdmmended.

a} Mos. 1 and & (2 x 7.5 mm) analysed jointiy;
Mps. 2 and 3 {2 x 7.5 mm} analyzed jointiy,

kY Mos. 1 and & (2 x 7.5 mm) analysed jointly,
Central specimen (15 mm) analysed separately,

¢) Two specimens (15 mm each) snalysed separately.

The test-piece dimensions specified in Fig. 1 should be
respected within the Timits + 0.25 mm; however, each set
comprising run<on and run-off pieces and the central section
should be finished with a single-grinding operation zo as to
ensure @ uniform width,

The. central specimens sheuld be marked and weighed to the
nearest 10 mg.

6 - We?ding

Dupiicate sets of test-pieces are welded for each brand of
electrode to be tested, Beads of 100 mm overall length are
deposited along the centre-line of the test-piece assembly. Mo
burning-off before testing ¥s allowed.

The welding current is the maximum stated by the manu-
facturee Yess 15 A, the machine setting betng controlled within
a tolerance of + 5 A, The' speed of welding should be adjusted
to an. electrode consumption between 1.2 and 1.3 om per cm bedd
length, The time spent in laying the weld should be noted,

7 - Sampling

Three seconds after extinction of the are, the Jig is
released apnd the test-piece assembly is quenched in joed
water and subsequently in @Tcohel or aceteonme saturated with
s0lid carbaon dioxide. The. sample  pieces, are wire
brushed and broken apart when cold. Any interruption in cooling

897 -1 = 28 -
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must be brief, the intervals spent outside the coeling bath in
these operaticons not exceeding 10 seconds each.

The zamples may: now be stored at dry {ice temperature for a
periad of up to three days before analysis.

In transferring the samples from the cooling bath td the
gas buretts, & shield of dry nitrogen should be applied in
order to avoid condensation of atmospheric humidity. The
sequence. of operations and the time spent in each of these
should be as follows:

a} Wash in alcohal for a period between 3. and 5 seconds)
b) Wash in pure ether for a period between 3 and 5 seconds;

¢} PBry in a biast of dry nitrogen supplied from a nozzle,
particular attentiom being paid to the fractured faces of
the speeimen. This operation must be accomplished in not
less than: 20 and not more than ZZ seconds.

d} A shield of dry nitrogen being maintained, transfer the
sample to the outer l1imb (1) of the burette, where it is
held in position clear of the mercury surface by means of a
magnet, Evacuate the outer limb of the burette down to a
pressure of roughly 0.1 mm mercury, The time spant in these
operations must not be less than 20 or more thapn 25
seconds;

¢) Transfer the sample through the mercury air-lock to its
final position in the measuring limb of the burette, This
operation must be accomplished within 5 seconds.

The total time spent between the transfer of the sample
from the cooling bath and the commencement of the measurements
should thus rot exceed 60 seconds.

(1) A modified procedure may be substituted for single-limb
burettes; see section 9{b},
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8 - Principle of analysis

The sample is maintained at room temperature for a sufficient
time. to release its content of diffusible hydrogen, which is
measured by volumetric metheds and plotted as function of unit
mass. of deposited weld metal.

The total hydrogen content. is defined for: the purpose of the
present. paper 8s the sum of the diffusible and residual
contents, the latter being determined by hot extraction at
650°C ynder vacuum or in a carrier gas.

9. - Apparatus fer determination of diffusible hydrogen

Examples of gas burettes for the measurement of cold extract-
ed gas are shewn in Fig. 2. Burettes of other design may be
employed, provided that the follewing requirements are ful~
filled:

a) Mercury is to be used as.a confining liguid.

b) 1t should be possibie to maintain the semple under wvacuum
for a brief perfod as specified in section 7 {d}, in erder
to remove any trace of foreign gases trapped on the
fractured surfaces of the sample. {n burettes consisting of
2 sirgle limb, this may be achieved through manipulation of
the mercury level and the stop-cock, any gas released
during the brief pericd of surface degassing being swept
out’' of the burette before the measurements are taken.

) It should be possible to read the volime of collected gas
with a precision of at teast 0.05 ml at standard temper-
ature and preéssure (STP), For méasuréments in the range of
very Tow hydrogen contents, it i3 recommended either to
transfer the extracted gas to an apparatus where the amount
can be determined by mare refined methods, or to use a
burette of & design permitting a higher precision.

10 - Analytical procedure (diffusible hydrogen)

The sample is maintained under reduced pressure at 25°C + 5°
for a period of 72 hours, when the final volume is measured.

ga7 -1 - 30 =
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The samples are removed from the apparatus, areund 1ightly: so
as to remove any oxide skin, and weighed to the nearest 10 mg.
IT it is also desired to. determine the amount of weld metal,
the cross-ssction of the bead must be meatured on tracings or
photographs of the fractured faces. These measurements are made
after hot extraction if the residual hydrogen content i3 also
to be aggessed.

11 - Evalyation (diffusible hydrogen)

The volume measured after 72 hours is convertsd te 0°C and
760 mm. This volume divided by one~hundredth of the gain in
weight is the diffusible hydrogen content, in m1/100g deposited
matal (T).

The weld metal weight is obtained by multiplication of the
gain in weight by the average ratio (weld metal/deposit. area)
determined on the. two faces of the specimer, and the diffusible
hydregen content, in ml/100g weld metal (1}, is found by
dividing the gas volume (8TP) by one hundredth of this weight,

Each separate content must be noted, together with the
average for each of the two beads tested and the overall
average of the four values.

12 - Determination of the residual hydrogsn content

Reference is made to Doc. 115/11W-153-64 "Determination of
rots]l hydrogen contents in weld metal" (Welding in the World,
Yol, 3, He. 1, 1965, pp. 13-21) for a description of the
apparatus #nd procedure.

{1} Multiply by 0.9 for canversion to ppm.
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13 - Acknowledgements
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