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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 liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This International Standard recognizes that there are two somewhat different approaches in the global
market to classifying a given electrode/flux combination, and allows for either or both to be used, to
suit a particular market need. Application of either type of classification designation (or of both where
suitable) identifies a product as classified in accordance with this International Standard.

This International Standard provides a classification system for the designation of solid wire electrodes
in terms of their chemical composition, tubular cored electrodes in terms of the deposit composition
obtained with a particular submerged arc flux and, where required, electrode/flux combinations in

— e he #-The ratio of
yield|to tensile strength of weld metal is generally higher than that of parent material. Usérp are to note
that matching weld metal yield strength to parent material yield strength does not n€cessprily ensure
that the weld metal tensile strength matches that of the parent material. Thus, wherethe application of
the material requires matching tensile strengths, selection of the consumable isihtended tq be made by
referjence to column 3 of Table 1A or 1B, as appropriate.

Althgugh combinations of electrodes and fluxes supplied by individdal companies may have the
samg classification, the individual wire electrodes and fluxes from~Jdifferent comparnies are not
interichangeable unless verified in accordance with this International‘Standard.

The |mechanical properties of all-weld metal test specimensyused to classify the el¢ctrode/flux
combinations vary from those obtained in production joints beécause of differences in welding procedures
such(as electrode size and parent material composition.

© ISO 2016 - All rights reserved v
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Welding consumables — Solid wire electrodes, tubular
cored electrodes and electrode/flux combinations for
submerged arc welding of non alloy and fine grain steels —
Classification

1
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International Standard specifies the requirements for the classification~of el
inations and weld metal in the as-welded condition and in the post-weld heat‘treate
ubmerged arc welding of non-alloy and fine grain steels with minimum,yield stren
MPa or a minimum tensile strength of up to 570 MPa. One flux can bejclassified w
wire electrodes and tubular cored electrodes. The solid wire electrode is also classifie
H on chemical composition.

ectrode/flux
bd condition
bth of up to
th different
d separately

International Standard is a combined specification providing for classification utilizing a system

H upon the yield strength and the average impact energy for Weld metal of 47 ], or utiliz
 upon the tensile strength and the average impact energyfor weld metal of 27 .

Paragraphs and tables which carry the suffix lettery“A” are applicable only to elg
ombinations and wire electrodes classified using-the system based upon the yield s
he average impact energy for weld metal of 47 Jyinraccordance with this International

[lauses and tables which carry the suffixletter “B” are applicable only to eld
ombinations and wire electrodes classified using the system based upon the tensile g
he average impact energy for weld metalof 27 ], in accordance with this International

[lauses and tables which do not'have either the suffix letter “A” or the suffix le
ipplicable to all electrode/flux combinations and wire electrodes classified in accordar]
nternational Standard.

s for the single-run andtwo-run techniques are classified on the basis of the two-run

Normative references

following docuiments, in whole or in part, are normatively referenced in this documnj
pensable~far its application. For dated references, only the edition cited applies. |
ences,thelatest edition of the referenced document (including any amendments) appl

44,"Welding consumables — Technical delivery conditions for filler materials and fluxe

ngasystem

ectrode/flux
trength and
Standard.

ectrode/flux
trength and
Standard.

Lter “B” are

1ce with this

technique.

ent and are
For undated
es.

s — Type of

prod

wct/dimensions. talerances and mnrl(ingc

ISO 3690, Welding and allied processes — Determination of hydrogen content in arc weld metal

[SO 6847, Welding consumables — Deposition of a weld metal pad for chemical analysis

[SO 13916, Welding — Guidance on the measurement of preheating temperature, interpass temperature
and preheat maintenance temperature

ISO 14174, Welding consumables — Fluxes for submerged arc welding and electroslag welding —
Classification

[SO 14344, Welding consumables — Procurement of filler materials and fluxes
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ISO 15792-1:2000, Welding consumables — Test methods — Part 1: Test methods for all-weld metal test

specimens in

steel, nickel and nickel alloys. Amended by [SO 15792-1:2000/Amd 1:2011

IS0 15792-2:2000, Welding consumables — Test methods — Part 2: Preparation of single-run and two-run
technique test specimens in steel

ISO 80000-1:2009, Quantities and units — Part 1: General. Corrected by 1SO 80000-1:2009/Cor 1:2011

3 Classification

Classification designations are based upon two approaches to indicate the tensile properties and

the impact
designation
all, as is cle
in accordan
product.

A solid wir
Table 4A or

An all-weld
weld metal

When the s
submerged
as appropris

The electrog
specific eled
the symbol

3A C(Classifi
impact ener

The classific
parts and an

1) The first
processto b

2) The secd
strength and
ti-run technj
rial used in d
(see Table 14

3) The thir

properties of the weld metal obtained with a given electrode/flux combination. Thg
approaches include additional symbols for some other classification requirements,\bu
ir from the following clauses. In most cases, a given commercial product can be clasg

b electrode shall be classified in accordance with its chemical composition as giv
(1B.

fomposition, as given in Table 5A or 5B, obtained with a parficular flux.

blid wire electrode or tubular cored electrode is classified in combination with a flu
hrc welding, the classification shall be prefixed with,a'symbol in accordance with Clay
te.

de/flux classification includes weld metal properties obtained with a manufacty
trode/flux combination as given below. A wibe electrode may be separately classified
for its chemical composition in Table 4A or4B.

cation by yield strength and 47 ]
8y

htion is divided into five mandatory
optional sixth part.

3B (Classification by tensile strength and 27
impact energy

The classification is divided into five mandatory
parts and an optional sixth part.

part gives a symbol indicating the
b identified.

1) The first part gives a symbol indicating the
process to be identified.

nd part gives a symbebindicating the

elongation of all4weld metal for mul-
que or the strength of the parent mate-
lassification farthe two-run technique
\ or 2A).

2) The second part gives a symbol indicating t
strength and elongation of all-weld metal in eit}
the as-welded or post-weld heat-treated conditi

tensile strength of the parent material or the wyg
metal used in classification for the two-run tecH
nique (see Table 1B or 2B).

d part gives a symbol indicating the 3) The third part gives a symbol indicating th¢

two
t not
ified

ce with both systems. Then, either or both classification designations canbe.used fofr the

PN in

metal deposit from a tubular cored electrode shall be classifiedin accordance with thie all-

x for
se 4,

rer’s
with

he
er
bn

for a multi-run technique or the specified mininpum

1d

impact prop
(see Table 3)

eTties of at-weld mretat or wetdedjoimt Tmpact properties of atFweld metat orwelded o

int

in the same condition as specified for the tensile

strength (see Table 3). The letter “U” after this des-

ignator indicates that the deposit meets an aver
optional requirement of 47 | at the designated C
py test temperature.

age
har-
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4) The fourth part gives a symbol indicating the 4) The fourth part gives a symbol indicating the
type of flux used in accordance with ISO 14174 type of flux used in accordance with ISO 14174
(see 4.4). (see 4.4).

5) The fifth part gives a symbol indicating the 5) The fifth part gives a symbol indicating the
chemical composition of the solid wire electrode chemical composition of the solid wire electrode
used (see Table 4A) or the chemical composition of used (see Table 4B) or the chemical composition of
the all-weld metal obtained with a tubular cored the all-weld metal obtained with a tubular cored
electrode/flux combination (see Table 5A). electrode/flux combination (see Table 5B).

6) The sixth part gives an optional symbol 6) The sixth part gives an optional symbol
indicating the diffusible hydrogen content of the indicating the diffusible hydrogen content of the
weld metal obtained in accordance with ISO 3690 weld metal obtained in accordance with ISO 3690
(see[lable 6). (see Table 6).

4 $ymbols and requirements

4.1 | Symbol for the process

The $symbol for an electrode/flux combination used in the submerged arc-Wwelding process{shall be the
letter S at the beginning of the designation.

4.2 | Symbol for tensile properties

4.2.1 Multi-run technique

4.2.1A Classification by yield strength and 47 ] 4.2.1B Classification by tensile strenigth and
impact energy 27 ] impact energy

For products suitable for multi-run welding, the For products suitable for multi-run weldjng, the
symbols in Table 1A indicate yield strength, tensile symbols in Table 1B indicate yield strength, tensile
stremgth and elongation of the all-weld metal in strength and elongation of the all-weld npetal in the
the gs-welded condition determined in accéndance as-welded condition or in the post—weld'{eat-treated
with|5.1A. condition determined in accordance with 5.1B.

© IS0 2016 - All rights reserved 3
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multi-run technique multi-run technique

Table 1B — Symbols for tensile properties by

(Classification by tensile strength and 27 ] impact

energy) energy)
Minimum Tensile Minimum Minimum Tensile Minimum
Symbol yield strength elongationb Symbol yield strength elonga-
strengtha strengtha tionb
MPa MPa % MPa MPa %
35 355 440to0 570 22 43X 330 430 to 600 20
38 380 470 to 600 20 49X 390 490 to 670 18
42 420 500 to 640 20 55X 460 550 to 740 17
46 460 530 to 680 20 57X 490 570 to 770 17
50 500 560 to 720 18 a Xis“A” or “P”, where “A” indicates testing in the
a Foryield btrength, the lower yield strength, Rel, as-welded condition and “P"_igdicates testing in/the
is used when yielding occurs, otherwise, the 0,2 % post-weld heat-treated condition.
proof strengfth, Rpo 2, is used. b Foryield strength, the 0,2 % proof strength,
b Gauge lenlgth is equal to five times the test speci- Rpo,2, s used.
men diametgr. ¢ Gauge length iséqual to five times the test speci-
men diameter,

4.2.2 Twq
For product

strength of
in two-run v

Table 24

)-run technique

5 suitable for two-run welding, the symbols in*Table 2A or 2B indicate the minimum t¢
the welded joint in relation to the specified minimum strength of the parent material
velding tests satisfactorily completed irfaccordance with 5.2.

Table 2B — Symbols for tensile propertie
by two-run technique

\ — Symbols for tensile properties
by two-run technique

nsile
used

S

(Classification by yield strength and 47 J impact (Classification by tensile strength and 27 ] impact
energy) energy)
Minimum -\ . Minimum tensile
arent Mjtinum tensile strength of parent
Symbol pa . strength of Symbol 8 p
mnaterial yield L . material and weldled
welded joint g
strength joint
MPa MPa MPa
2T 275 370 43S 430
3T 355 470 49S 490
AT 420 520 55S 550
5T 500 600 57S 570
4 © IS0 2016 - All rights reserved
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4.3 Symbol for the impact properties of all-weld metal or two-run welded joint

The symbols in Table 3 indicate the temperature at which an impact energy of 47 ] or 27 ] is achieved
under the conditions given in Clause 5.

4.3A (Classification by yield strength and 47 ] 4.3B C(lassification by tensile strength and 27 ]
impact energy impact energy

Three test specimens shall be tested. Only one in- Five test specimens shall be tested. The lowest and
dividual value may be lower than 47 ] but not lower highest values obtained shall be disregarded. The
than 32 ]. average of the three remaining values shall be at

least 27 J. Only one of the three values may be lower
Than 277, but siaii mot be 1ess tian 207

The addition of the optional symbel' U, ilnmediately
after the symbol for condition of heat trgatment,
indicates that the supplemental requirement of 47 ]
impact energy at the normal 27 ] impact test tem-
perature has also been satisfied. For thg 47 ] impact
requirement, the number of specimens fested and
values obtained shall meet the requirenjent of 4.3A.

Wheh an all-weld metal or a welded joint has been classified for a certain temperature, it ajitomatically
covers any higher temperature in Table 3.

Table 3 — Symbols for impact properties of all*weld metal or welded joint

Symbol Temperature for minimum aver%ge impact energy of 47 Jab or
ZZC]
Z No requirements
AaoryYb +20
0 0
2 =20
3 -30
4 -40
5 -50
6 -60
7 =70
8 -80
9 -90
10 -100
a” See4.3A.
b See 4.3B.

4.4 Symbol for type of welding flux
The symbol for welding flux type shall be in accordance with ISO 14174.

4.5 Symbol for the chemical composition

4.5.1 Solid wire electrodes

The symbols in Tables 4A and 4B indicate the chemical composition of the solid wire electrode and
include an indication of characteristic alloying elements.

© IS0 2016 - All rights reserved 5
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The symbol for a wire electrode used in the submerged arc welding process shall be the letters S or SU
at the beginning of the wire electrode designation.

NOTE The chemical composition of the weld metal is dependent on the chemical composition of the wire
electrode and the metallurgical behaviour of the flux (see ISO 14174).

4.5.2 Tubular cored electrode/flux combinations

The symbols in Tables 5A and 5B indicate the chemical composition of the all-weld metal obtained
with a tubular cored electrode/flux combination and include an indication of characteristic alloying

elements.

The symbol
welding pro

In cases of d

for all-weld metal obtained with a tubular cored electrode used in the submerge
cess shall be the letters T or TU at the beginning of the wire electrode designatiof

ispute, the sample for all-weld metal deposit shall be in accordance with ISQ,6847.

1l arc

© ISO 2016 - All rights reserved
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4.6 Symbol for hydrogen content of deposited metal

The symbols in Table 6 indicate the deposited metal hydrogen content determined in accordance with
the method given in ISO 3690.

Whe

Table 6 — Symbol for hydrogen content of deposited metal

Svmbol Hydrogen content
mbo
y ml/100 g deposited metal, max.
H2 2
H4 4
H5 5
H10 10
H15 15

h a hydrogen symbol in accordance with Table 6 is included in the classification, the mfanufacturer

shallf state in their literature what restrictions need to be placed on_the conditions of storage and

redrying, and on current, arc voltage, electrode extension, and polarity’to remain within [the limit for
that symbol.

5

5.1

5.1
cla

imp

Mechanical tests

Multi-run technique

ssification by yield strength and 47 ]

AL Welding conditions in the
ct energy

Tensjile and impact tests shall be carried out.on weld
metgl in the as-welded condition using an:allsweld
metdl test assembly type 1.3 in accordance with

ISO 15792-1:2000 using 4,0 mm or the'nearest com-
merdially available diameter wire electrodes.

Welding conditions (single wire-welding) and

det

ajls of the test assembty shall be selected from

Table 7A.

5.1B Welding conditions in the clasdification by
tensile strength and 27 ] impact energy

Tensile and impact tests shall be carried out on
weld metal in the as-welded condition of in the
post-weld heat-treated condition using gn all-weld
metal test assembly type 1.4 in accordafce with
ISO 15792-1:2000 using 4,0 mm or the nfearest com-
mercially available diameter wire electfjodes.

Welding conditions (single wire welding) and
details of the test assembly shall be selected from
Table 7B. Solid wire diameters not specified and all
tubular cored electrodes shall be weldedl based on
the manufacturer’s recommendations.

© ISO 2016 - All rights reserved
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Preheating is not required; welding may start from
room temperature.

The interpass temperature shall be measured using
temperature indicator crayons, surface thermome-
ters or thermocouples (see ISO 13916).

The interpass temperature shall be measured using
temperature indicator crayons, surface thermome-
ters or thermocouples (see ISO 13916).

The interpass temperature shall not exceed the
interpass temperature range indicated in Table 7B.
If, after any pass, the interpass temperature range
is exceeded, the test assembly shall be cooled in air
to a temperature within the indicated range. If the
interpass temperature is below the indicated inter-
pass temperature range, the test assembly shall be
reheated into the interpass temperature range.

The interpags temperature shall not exceed the
interpass temperature range indicated in Table 7A.
If, after any pass, the interpass temperature range
is exceeded, [the test assembly shall be cooled in air
to a temperature within the indicated range. If the
interpass tegnperature is below the indicated inter-
pass temperpture range, the test assembly shall be
reheated intp the interpass temperature range.

Table 7A — Welding conditions for multi-run single solid wire welding
(Classification by yield strength and 47 impact energy)

in the post-weld heat-treated condition shalkbe
heat-treated at 620 °C % 15 °C for 60 minte.75
The furnace shall be at a temperatureno, iigh-
er than 315 °C when the test assembly is placed
in it. The heating rate, from that point to the
620 °C £ 15 °C holding temperature, shall not exceed
220 °C/h. When the holding(ime has been com-
pleted, the assembly shall‘be allowed to cool in the
furnace to a temperatufe below 315 °C at a rate[not
exceeding 195 °C/h,The assembly may be remoyed
from the furnaceatany temperature below 315(°C
and allowed to€ool'in still air to room temperatjure.

Test assemblies made with electrodes classifie:l
in

Solid wire electrode diameterb 'I‘ubulalc'l_cored elf ctrode
lameter
Conditionsa mm
mm
2,8103,2 4,0 30t032 | 4,8

Type of currgnt DCc
Length of wgld deposit, mm 2350
Welding curtent, A 440 + 20 580 + 20 480 + 20 | 550 +2p
Welding voltlage, V 27 2 292 302
Welding spepd, mm/min 400 £ 50 550 + 50 45050
Interpass temperature range,.°C (no 150 + 25
preheat)
Electrode exjtension, mm 305

a  ACorDC,
b Diameter

¢ Directcu

either pelarity, may be used. The reference method shall be as recommended by the manufacturer.
5 notspecified are to be welded following the recommendations of the electrode manufacturer.

frent welding polarity shall follow the recommendation of the manufacturer.
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