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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.

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Rail welding is an essential technology in the railway track domain for reducing noise and vibration on
rail joints, improving ride comfort and reducing maintenance costs.

Since environments (e.g. geography, deployable resources and energy affairs) differ by region and
railway line, rail welding processes have been developed to meet the requirements and conditions of
each environment. As a result, various rail welding processes exist, e.g. flash butt welding (FBW), gas
pressure welding (GPW), aluminothermic welding (ATW) and enclosed arc welding (EAW).

For[this Teason, a generat rait welding standard on an international {evet covering conyentional rail
welfing processes was deemed necessary. This document contributes to the developmentofitailways by
enspring the quality of welded joints in terms of enhancing the reliability of train operation|improving
the [welding work efficiency and facilitating the introduction of new procedures.

Thif document covers the general requirements for rail welding and is used inconjunctidn with the
subkequent parts of the ISO 23300 series, which cover the specific requirements for eafh welding
progess (such as FBW, GPW, ATW and EAW).

© IS0 2021 - All rights reserved v
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INTERNATIONAL STANDARD 1SO 23300-1:2021(E)

Railway infrastructure — Rail welding —

Part 1:
General requirements and test methods for rail welding

1 [Scope

Thif document specifies requirements concerning the approval and/or homologation pf welding
professes, contractors, welders, inspectors and acceptance of welded joints in the factory and/or track.

Thif document is applicable to the following rail welding processes:
a) [flash butt welding (FBW);

b) |gas pressure welding (GPW);

c) |aluminothermic welding (ATW);

d) |enclosed arc welding (EAW).

In this document, 43 kg/m to 75 kg/m new flat-bottomed rails of the same profiles and [same steel
grafles are used as the subject of welding.

Thif document does not specify requirements orest methods specific to each welding progess. These
arelto be prescribed in the subsequent parts of.the ISO 23300 series.

Concerning butt welding, this document is«restricted to connecting rail ends.

Thif document does not cover the welding for construction of crossings, railway switches, 4ignal bond
insflallation or restoration of rails.

Thif document does not cover-any safety regulations for welding operations.

In this document, the qualifications of individuals and organizations that are approved by the railway
authority for rail welding-are not specified.

=

2 |Normativereferences

The following/documents are referred to in the text in such a way that some or all of their content
conftitutesrrequirements of this document. For dated references, only the edition cited gpplies. For
undatédireferences, the latest edition of the referenced document (including any amendments) applies.

ISO 6507-1, Metallic materials — Vickers hardness test — Part 1: Test method
ISO 6508-1, Metallic materials — Rockwell hardness test — Part 1: Test method

ISO 7500-1, Metallic materials — Calibration and verification of static uniaxial testing machines — Part 1:
Tension/compression testing machines — Calibration and verification of the force-measuring system

3 Terms and definitions

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

© IS0 2021 - All rights reserved 1


https://standardsiso.com/api/?name=698d8e90d7979201b64828a2af9868e7

IS0 23300-1:2021(E)

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31

railway authority
either the railway regulator or the owner of a railway infrastructure or the custodian with a delegated
responsibility for a railway infrastructure

3.2

process su
company V
supply mad

3.3
training c

organizatign or centre responsible for training welders (3.5) and which is approved by the rail

authority (
3.4

contractor

company a
production

3.5
welder
person wh

3.6
operator
person wh

3.7
inspector
person wh

by observation and judgement, accempanied as appropriate by measurement and testing technique

3.8
productio

butt welding work to conntect rails for rail transport operation, whether performed in-factory or on

3.9
fixed plan
stationary

3.10
profile fin

pplier
vhich provides a rail welding process which is approved by the railway authority (3.1}
hines, consumables and tools for the making of welded joints (3.13)

bntre

B.1), and, in the case of aluminothermic welding, by the process supplier (3.2)

pproved by the railway authority (3.1) to provide staff anddnachinery in order to execute
(3.8) of welded joints (3.13)

b is trained and competent to undertake the appropriate welding process

b is trained and competent to undertake'the appropriate welding machine operation

D is trained, qualified, appréved and competent to carry out inspection of welded joints (3]

n

k
production line for solid phased welding of rails

to

vay

the

113)

1%2]

site

ishing

operation by which the rail head or relevant part of the rail head at the welded joint (3.13) is returned to

rail profile

Note 1 to entry: Operation can be carried out by grinding, milling, planing or any other suitable means.

3.11
post-weld

heat treatment

application of heating and cooling control to a welded joint (3.13) after welding
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3.12

heat-affected zone

HAZ

part of the unmelted base metal where the metal structure, metallurgical properties, mechanical
properties are transformed due to heat input during the welding process such as welding, post-weld
heat treatment (3.11) and flame cutting

3.13
welded joint
rail joints bonded by welding, which includes the weld metal and the heat-affected zone (3.12)

3.1
finished condition
welded, trimmed, dressed and profile finished (3.10)

3.1
non-destructive testing
ND
application of technical methods to examine materials or components ip-ways that do not ifpair their
futyre usefulness and serviceability, in order to detect, locate and evahlilate defects, to asseds integrity,
properties, composition and geometrical characteristics

3.16
acceptance in factory/track
acc¢ptance inspection conducted from the viewpoint of quality control targeting welded jgints (3.13)
which will be used in track

4 |Rail welding processes
The following processes are currently applied-for butt welding connecting rail ends:

a) |FBW: Hot pressure welding processiising electric current and axial force to produce a welded joint
(there are two types: fixed plant-and mobile).

b) |GPW: Hot pressure welding process using gas flame and axial force to produce a welded|joint.

—t

c) |ATW: Cast fusion welding-process using aluminothermic reaction to generate liquid steg

d) |EAW: Electric arc welding process performed by surrounding rails with copper or ceranpic block.

5 |General process of rail welding
The rail welding process generally consists of the following stages:

a) |Préparatory stage: Including provision of information from the railway authority o1 delegated
¢empany and arrangement of conditions.

b) Working stage: Including rail end preparation, alignment, step treatment, welding work and post-
weld heat treatment.

c) Finishing stage: Including profile finishing and welded joint identification.
d) Verification/acceptance stage: Including the tests/inspections classified in Clauses 6 and 7.

NOTE Further details on each stage of each applied process will be prescribed in the subsequent parts of the
ISO 23300 series.

© IS0 2021 - All rights reserved 3
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6 Approval/homologation of welding processes

6.1 General

Initial approval/homologation tests shall be carried out for every application of each rail welding
process. Approval/homologation tests are used to confirm the reliability of the welding process
and do not reflect quality control in production. Approval/homologation tests shall be carried out
for a particular rail profile and grade, using a specific welding machine or specific type of welding
consumable material.

NOTE ﬂ}lU SOCI1 iCb Cllld DC\.{UCIILC Uftcbtb fUl ca\.‘u VVC}dills }Jl ULTSS, tUsCt}lCl vV lt}l t}lc llulllllJCl Uf D}JCLilllCll fOI'
each test itgm, are specified in the subsequent parts of the ISO 23300 series.

The specification requirements of each approval/homologation test shall be provided to the‘contragtor
from the railway authority before conducting the test.

6.2 Nonfdestructive testing (NDT)
In this dociment, NDT methods include:
a) visualfesting (VT);

b) ultras¢nic testing (UT);

€) magnstic particle testing (MT);

d) dye penetrant testing (PT).

After the V[T, further appropriate NDT methods shall be applied in accordance with the relevant anng¢xes
of this doqument and the subsequent parts of the ISOZ23300 series, and shall be used to inspect|the
welded joit in finished condition.

The NDT methods for sectioned and full-size Samples are dependent upon the welding process b¢ing
used.

NOTE The NDT methods for sectioned\and full-size samples are described in the subsequent parts of the
ISO 23300 sgries.

6.3 Slow-bending test

The slow-bending test for,.a‘welded joint is a practical and efficient test method that can simply evalyate
the perforﬂnance of thewelded joint on whether the load and the deflection satisfy the specified vlue.
However, the originalspurpose of the test is to force failure of the welded joint and to observe|the
existence dr non-existence of weld defects on the fracture face.

In this test] two loading modes are applied as appropriate:

a) one witlrtheTaittread upwards imwiticir tensite stressisapptied to the Tait foot;
b) one with the rail head downwards in which tensile stress is applied to the rail head.

Each slow-bending test shall also be continued until the load or deflection reaches the specified value
or fracture occurs.

For applying the slow-bending test in which tensile stress is applied to the rail foot, the requirements
and the test method given in Annex A shall be followed.

For applying the slow-bending test in which tensile stress is applied to the rail head, the requirements
and the test method given in Annex B shall be followed.

4 © IS0 2021 - All rights reserved
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Past-the-post fatigue test

The straightness of the welded joint in finished condition shall not affect the execution of a past-the-
post fatigue test.

The test sample shall be subject to NDT, which shall include VT and UT, MT or PT as appropriate. Only
those samples that have been qualified by NDT can be used for the fatigue test.

The test shall be conducted in three-point or four-point bending with the rail foot in tension. Each test
type is sufficient for approval.

Th
foll

Thd

6.5

Mag
secf
a su
ach

Thd

6.6

Mic
metf

Thd

6.7

A h
spe

Thd

6.8
A rd

If applied, the-drop-hammer test described in Annex H shall be followed.

, . . , . L
requirentents forthethree-point berding testamdthetest rethod giver im Ammex
wed.

requirements for the four-point bending test and the test method given in Annex D shall b

Macro examination

ro examination shall be performed to investigate the presence or absengce of defects in t
ions, or on a fracture face following bend, fatigue or drop-hammer ‘testing that is not id
rface breaking defect in the welded joint and to confirm that the.appropriate heat inpy
eved. The macro structures depend on each welding process.

macro examination described in Annex E shall be followed.

Micro examination

ro examination shall be performed to investigate the presence or absence of an|
allographic structure in the welded joint. Thetmicro structures depend on each welding

micro examination described in Annex Fshall be followed.

Hardness test

ardness test shall be performed to evaluate wear resistance and to confirm accor
cification. The hardness values depend on each welding process.

hardness test described-in Annex G shall be followed.

Drop-hammer-test (optional)

ilway authority may demand a drop-hammer test to assess the welded joint’s performan

6.9

C shall be

e followed.

he relevant
entified as
t has been

abnormal
process.

lance with

Recording of defects

The details of weld defects shall be recorded.

The recording of defects described in Annex I shall be followed.

6.1

0 Test result reports

Test result reports shall contain, as a minimum, items in accordance with the relevant annexes and
shall reference this document.
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7 Acceptance in factory/track

7.1 General

Documentation and records relating to traceability shall be made available upon request by the railway

authority.

7.2 Weld inspection

Prior to any inspection, the welded joint shall be completed and the traceability shall be identified. The

welded joint shall be in the finished condition.

Joints weld
shall be de

Joints weld
shall be de
and EAW.

The equipy
equipment

The inspec

A weld ins

ed in a fixed plant shall be inspected in the plant. Based on the inspection, the welded j
emed as accepted or rejected.

ed on-site shall be inspected on the railway track. Based on the inspectionfthe welded j
emed as accepted or rejected. This is applicable to FBW using a mobile machine, GPW, A

hent used for inspection shall be calibrated and shall meet the reqdirements of the reley
supplier and the railway authority.

tor shall be competent and shall meet the requirements of:the railway authority.

pection report containing the result and details of the:weld inspection shall be comple

When the inspection results do not conform to this document otthe subsequent parts of the [SO 23

series, the

Items to b4

welded joint shall be treated as unqualified produéts.

inspected for the acceptance of welded joints'shall include:

a)
b)

straig

tness (see 7.3);

NDT (YT shall be applied to find the surface breaking defect about the welded joint. Other inspec

bint

bint
TW

rfant

ted.
300

fion

items fire optional, and shall be defined by the railway authority. If applicable, Annexes ], K afd L
shall b followed).

7.3 Strajghtness inspection

The straightness of the welded joeint in finished condition shall be measured, vertically and horizont]
over a 1 mspan. The error pfl"m straight edge shall not exceed 0,05 mm.

The straightness shall be-measured while the welded joint is at ambient temperature. In some spe
cases (i.e. immediately following profiling, insufficient cooling times for site-made welded joints),
measuremgent of alignment can be made while the welded joint is hot. The effect of temperature on
welded joit shall-be taken into consideration.

ally

rific
any
the

Straightnegsacross the welded joint shall be measured as follows (see Figure 1):

a)
of the rail. Measurement points are shown in Figures 1 a) and b). For negative tolerance,
Figure 1 a). For positive tolerance, see Figure 1 b).

The vertical straightness of the running surface shall be measured along the longitudinal surface

see

b) The horizontal straightness of the welded joint at the running edge shall be measured on one or
both faces at a gauge measuring point below the running surface. Measurement points are shown
in Figures 1 c) and d). For negative tolerance which widens the gauge, see Figure 1 c). For positive
tolerance which tightens the gauge, see Figure 1 d).

c) The necessity of measurement on the field side shall be confirmed by the railway authority with
the contractor.

6 © IS0 2021 - All rights reserved
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d) The means of measuring the straightness of the welded joint as described shall be the choice of the
contractor, but in the case of acceptance inspection a calibrated straight edge shall be used.

Acceptance criteria for straightness shall be specified by the railway authority.
Examples of acceptance criteria for straightness are given in Annex M.

L/2 B L/2

| 1

! i
JC

fe o

w
a) running surface straightness (negative tolerance)
L/2 ] L/2

w

2xay

b) running surface straightness (positive tolerance)

L 1
T S = =0
% 7. .

w g | f

¢) running edge straightness (widens gauge)

1\

Z‘sz

d) running edge straightness (tightens gauge)

w  weld centre
L measurement span,L =1m
a; vertical straightness tolerance on the running surface (a, is negative tolerance)

a, vertical straightness tolerance on the running surface (a, is positive tolerance)
b; horizontal straightness tolerance (tolerance widens gauge)

b, horizontal straightness tolerance (tolerance tightens gauge)

Figure 1 — Schematic of straightness measurement
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7.4 Documentation

Documentation shall contain traceability of the welded joint and inspection reports in accordance with
the relevant annexes and shall reference this document.

8 Requirement on contractor/welder/inspector

8.1 Contractor

The weldi

g contractor shall maintain a management system of rail mm]ding that r‘nmp]ipc with

the

requireme

hts of the railway authority.

The welding contractor shall maintain a system that ensures the competence of employed welders,

welding of
which shal

a)
b)
<)
d)
e)

The weldiy
authority
traceabilit)

weldeq
weld r
numbe
numbe

notifie

Welding e
authority:. |

Inspection
contractor

8.2 Wel
The weldet
Training s}

All trainin
to carry ou

The qualifi

erators and inspectors through appropriate training, assessment and authorization,
include:

operator training and competences;

bcords;

r of welded joints produced in a given period;
r of welded joints rejected;

d number of welded joints failed in service.

g contractor shall maintain a system of weld inspection according to the relevant rail
Fequirements. Nonconformities found during, these inspections shall be recorded in
 system.

quipment and welding consumable materials shall be approved by the relevant rail
Lquipment shall comply with the manual of the welding process.

and calibration equipment shall comply with those requirements as agreed between
and the relevant railway authority.

ler, operator and inspector
, operator and inspector shall be trained at an approved training centre.
all include bothpractical and theoretical elements.

b shall conclude with a practical and theoretical examination to confirm the trainee’s ab
t the welding of rails in accordance with the requirements of the relevant welding proce

catfont to work in track shall be provided by the railway authority.

And

vay
the

vay

the

lity

The knowledge acquired by the trainee should contain, but 1s not imited to:

a) basic safety;

b) rails;

c) operating equipment;

d) specific information to the welding process (FBW, GPW, ATW, EAW);

e) abnormalities, causes and effects;

f) grinding and finishing;

g) NDT of welded joints;

8 © IS0 2021 - All rights reserved
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h) record of installation and inspection.

8.3 Audit

The railway authority reserves the right to audit the welding contractor, welder/operator/inspector
or training centre at any time. Audits may be carried out by technical organizations recognized by the
railway authority which include the ATW process supplier.

© IS0 2021 - All rights reserved 9
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A.1 Gen,

For the req
rail foot, sq

A.2 Bending test arrangement

All test we
the produc

The straig
bending te

All test we
placed on t
at the span

The radius

Figure A.1
length of t

itself at thg

Annex A
(normative)

Slow-bending test method for rail foot in tension

eI“QI

Tor

N
uirements and test method for the slow-bending test in which tensile stress is appl@zto
eA2toA4.

S
oSS

$e
ded joints shall be in the finished condition. Test welded joints shal@Q{er be selected f
tion line or be made using appropriate test pieces. \%

the

fom

tness of the welded joint in finished condition shall not affect*the execution of the slow-

5t.

lded joints shall be at ambient temperature when t & The test welded joints shal
he two supports of the bending testing machine, wit weld centre of the rail head locg
centre to bear the concentrated load. (%

"\
of curvature of the three load points shall no&&}less than 30 mm.

shows the relative positions of the test v&led joint on the bending testing machine.
he test welded joints should be 200 m@o 600 mm longer than the span (L) with the
centre.

o
C)\\O

OQO

I

be
ted

The
eld

force

span

10

radius of curvature of the lower load point (3)
radius of curvature of the upper load point (4)
rail head

centre of welded joint

lower load point

upper load point

Figure A.1 — Bending test arrangement for rail foot in tension
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A.3 Bending testing machine and load

The loading capacity of bending testing machine shall not be less than 2 000 kN. The bending testing
machine shall be calibrated at least once every two years in accordance with ISO 7500-1.

The specified value of the test load shall be determined based on the required minimum tensile bending
strength according to the rail grade and type. The minimum specified value of the load for evaluating

the welded joint shall be calculated using Formula (A.1):

F=(4M % 0)/L (A1)
whére

F isthe specified load applied on the rail (expressed as N);

o is the minimum tensile bending strength (expressed as MPa);

L  isthe span of the test rig (expressed as mm);

M is the section modulus base (expressed as mm3).
Thg minimum tensile bending strength shall be prescribed by the-railway authority. Tablegl A.1 shows
examples of the minimum tensile bending strength for slow-bending test requirements|applied in
Chipa, Europe and Japan.
The loading rates depend on each welding process. Edeh bending test shall be continuefl until the
spefified values (F) are reached. In cases where fracture face observation is necessary, the bpnding test
can|be continued or the drop-hammer test (see Annex H) can be used. To ensure that fracture occurs in

the

A4
The
Any
rail
a)
b)
c)
d)

welding zone, the test welded joints may be netched at the centre of the welded joint.

Test results, interpretation and test report

defects/imperfections faund on the fracture face of each test welded joint shall be rec
profile grid. The recordishall include the following details:

reference to this decument, i.e. ISO 23300-1:2021;
identification'number of the welded joint;
the dateof'testing;

type'ofdefect/imperfection;

load and deflection shall be recgrded when the specified value is reached or the test weldl fractures.
If apy test piece fractures before achieving the specified load (F), the welding process shall I

erejected.

orded on a

dimensions:

e)
f)
g)
h)

shape;
location;

depth of pores.

A weld fracture face containing no defects/imperfections shall have the rail profile grid clearly worded

MNO

visible defects/imperfections”.

© IS0 2021 - All rights reserved
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Table A.1 — Example of minimum tensile bending strength requirements for rail foot in tension

No. Railways Welding Rail grade? Minimum tensile Remarks
process bending strength
(MPa)
FBW HR280, HT340 915 Welded jointis in
finished condition.
GPW HR280, HT340 915 (The post-weld heat
1 China railway ’ treatment is
normalizing.)
WeldedJjomtist
ATW HR280, HT340 600 finished conditiop.
HR220 978 Welded jointis in as
FBW HR260A, weldedcorrditior] or
HR260B, HT350A 1065 finished conditio.
HR 200 700 NOTE: The value$
of the minimum
HR320, HT370C, 750 tensile bending
HT400 strength for FBW of
European railways
have been calcu-
lated and aver-
aged from the tegt
2 European force specified in
railways EN 14587-1:2018
Table A.1, and
ATW ’
HR220, HR2G0A, EN 14587-2:2009
HR260B, HT3504, 800 Table A.1.

HI350B The values of the
minimum tensile
bending strength
for ATW of Euro-
pean railways haye
been referenced
from EN 14730-
1:2017,7.3.

HR235 865
FBW
HT320, HT330 865
HR235 865
GPW
3 Japan rafQmys HT320, HT330 865 Welded joint is jn
p y HR235 680 finished conditign.
ATW
HT320,HT330 680
HR235 865
EAW
HT320, HT330 865
a  Rail grades are referenced from ISO 5003:2016.

12 © IS0 2021 - All rights reserved
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Annex B
(normative)

Slow-bending test method for rail head in tension

B.1—General
For|the requirements and test method for the slow-bending test in which tensile stresngk'p blied to the
raillhead, see B.2 to B.4. (1/
5
B.2 Bending test arrangement ODQ

All test welded joints shall be in the finished condition. Test welded ]01r®q'fall either be selected from
the [production line or be made using appropriate test pieces.

Thq straightness of the welded joint in finished condition shal I& affect the execution of the slow-
bending test.

All ftest welded joints shall be at ambient temperature \Q tested The test welded joirts shall be
plaged on the two supports of the bending testing machq\r(g, with the weld centre of the rail fpot located
at the span centre to bear the concentrated load.

The radius of curvature of the three load points s&@\'not be less than 30 mm.

Figlire B.1 shows the relative positions of thé\test welded joint on the bending testing mdchine. The
length of the test welded joints should bes@O mm to 600 mm longer than the span (L), with the weld
itseff at the centre. ) (\)17

¢

Key
F L
L  span

ry radius of curvature of the lower load point (3)
r, radius of curvature of the upper load point (4)
rail head

centre of welded joint

lower load point

BwWw N R

upper load point

Figure B.1 — Bending test arrangement for rail head in tension
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B.3 Bending testing machine and load

The loading capacity of bending testing machine shall not be less than 2 000 kN. The bending testing
machine shall be calibrated at least once every two years in accordance with ISO 7500-1.

The specified value of the test load shall be determined based on the required minimum tensile bending
strength according to the rail grade and type. The minimum specified value of the load for evaluating
the welded joint shall be calculated using Formula (B.1):

F=(4M x 0)/L (B.1)

where

F  isthe specified load applied on the rail (expressed as N);

o is the minimum tensile bending strength (expressed as MPa);
L  isthe span of the test rig (expressed as mm);

M is the section modulus head (expressed as mm3).

The mininfum tensile bending strength shall be prescribed by the railway authority. Table B.1 shpws
examples ¢f the minimum tensile bending strength for slow-bending test requirements applied in
China, Eurppe and Japan.

Table B.1 — Examples of minimum tensile bending strength requirements for rail head in

tension
No. Railways Welding Railgrade? Minimum ten- Remarks
process sile bending
strength (MPa)
FBW HR280, HT340 950 Welded joint is in|
finished condition.
N GRW HR280, HT340 950 (The post-weld hgat
1 China railway treatment is
normalizing.)
ATW HR280, HT340 800 Welded joint is in
finished condition.
2 European FBW NA NA
railways ATW NA NA
HR235 955
FBW
HT320, HT330 955
HR235 955
GPW
3 HT320, HT330 955 Weldedjointisin
Japan railways HR235 840 finished condition.
ATW
HT320, HT330 840
HR235 880
EAW
HT320, HT330 880
2 Rail grades are referenced from ISO 5003:2016.

The loading rates depend on each welding process. Each bending test shall be continued until the
specified values (F) are reached. In cases where fracture face observation is necessary, the bending test
can be continued or the drop-hammer test (see Annex H) can be used. To ensure that fracture occurs in
the welding zone, the test welded joints may be notched at the centre of the welded joint.

14 © IS0 2021 - All rights reserved
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B.4 Test results, interpretation and test report

The load and deflection shall be recorded when the specified value is reached or the test weld fractures.
If any test piece fractures before achieving the specified load (F), the welding process shall be rejected.

Any defects/imperfections found on the fracture face of each test welded joint shall be recorded on a
rail profile grid. The record shall include the following details:

a) reference to this document,i.e. ISO 23300-1:2021;

b) identification number of the welded joint;

c) |the date of testing;

d) |type of defect/imperfection;
e) |dimensions;

f) [shape;

g) |location;

h) |depth of pores.

A wleld fracture face containing no defects/imperfections shall have the rail profile grid clearly worded
“No|visible defects/imperfections”.

© IS0 2021 - All rights reserved 15
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Three-point bending fatigue test

C.1 General

N
For applyihg the three-point bending fatigue test method, the requirements and test m@d

provided in C.2 to C.4.
C.2 Fatigue test arrangement

the fatigue|testing machine, with the weld centre of the rail head located at t@
concentrated load. Os\\

a

The radius|of curvature of the three load points shall not be less than, 3@ mm.

Figure C.1 phows the relative positions of test samples on a fatiglK\gsting machine.
O

F R\

F  force
L span (1
ry  radius

r, radius ¢f curva

rail head%

0

The test sHall be performed at ambient temperature. The test sample is placetqﬁqﬂie two support

-

N

n centre to bear

1

2 centre of weldedjoimt
3 lower load point

4 upper load point

Figure C.1 — Fatigue test arrangement

are

s of
the
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C.3 Fatigue testing machine and load cycles

The loading capacity of fatigue testing machine shall not be less than 500 kN. The fatigue testing
machine shall be calibrated annually. The error of maximum load and load range shall not exceed 2 %.
When testing under certain loads, the error of indicating values shall not exceed *1 %.

A pulse bending fatigue test shall be carried out. The load shall be determined according to the rail
type, with the maximum load recorded as F, ,, and the minimum load recorded as F,;,. The load cycles
shall be counted when the required load is reached.

The span may be changed according to the test equipment, which shall be in the range of 1 m to 1,6 m.
Thd maximum load for different spans shall be calculated using Formula (C.1):

Finax = (4M x 0,5, )/L (c.1)
where
F.x s the maximum load applied on the rail (expressed as N);

Omax 1S the maximum fatigue stress (expressed as MPa);
L is the span of the test rig (expressed as mm);
M is the section modulus base (expressed as mm3).

Continue cycling until either the test piece breaks or twa'million cycles have been applied.

C.4{ Testresults, interpretation and testrreport

Ifj\y test piece breaks at less than two million cycles, the welding process shall be rejected.
If the test welded joint has fractured, thefracture origin shall be identified.

Forleach test, the following shall be reported:

a) [reference to this document;ite. ISO 23300-1:2021;

b) |identification number ofthe welded joint;

c) |the date of testing;

d) [the spans ofthe'test rig;

e) |the outer fibre stresses applied;

f) |whether the test result is failure or pass;

3 z 9 £ 00 £ 1a | TR 1 £3
g I ot CastoOTTarrar Gt Ctrat i rrcracror 1oCatroTr,

h) in the case of failure, the cause of fracture.

© IS0 2021 - All rights reserved 17
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Four-point bending fatigue test

D.1 General

N
For applying the four-point bending fatigue test method, the requirements and test method are@qwilded

inD.2 to DA4.

D.2 Fatigue test arrangement

The span [L) shall exceed the loading width (I) by at least twice the rail
symmetridal about the loading width, see Formula (D.1): \%
L>1+2xH os\

The arrangement is shown in Figure D.1.

0

F  force %\%
H  rail height Q

[ loadingwidth Q~

L span(J0m=<L m)

ry radius ¢f c& re of the lower load point (3)
r, radius @r ature of the upper load point (4)

QI

-

-

@(g]{t (H) and shal

(

be

D.1)

1 rail head

2 centre of welded joint
3 lower load point

4  upper load point

Figure D.1 — Fatigue test arrangement

18
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The span and the loading width shall be measured and recorded. The distances from the centre line of
the actuator to the loading points shall be measured and recorded. Corresponding dimensions on either
side of the actuator centre line should not differ by more than 5 mm. The radius of curvature of four
load points shall not be less than 30 mm. The loading point contact surfaces shall be free to rotate so
that friction between the loading points and the specimen is minimized.

High contact stresses may result in cracks developing at the loading points. The use of arrangements
that minimize contact stresses at the loading points is therefore advised. Contact stresses may be
further reduced by increasing the outer span and so reducing the force required to achieve a given

app

lied bending moment.

Pos
ling
D.3
Thd

NOT
app

Cyc

tion a test piece in the test rig so that the centre line of the welded joint is aligned with
of the actuator to within 3 mm.

Fatigue testing machine and load cycles
applied force shall be measured using a fatigue rated load cell verified t6:ISO 7500-1, Gr

E Depending on the outer span, a 500 kN or 1 000 kN actuator (is)likely to be suitah
ications.

ically load the welded joint using a sinusoidal waveform so thatthe maximum and miniy

valuies are achieved. The indicated values shall both be maintained to within 2 % of the noy

req

hired.

Continue cycling until either the test piece breaks or a mitimum of two million cycles have be

D.4

Test results, interpretation and test'report

If any test piece breaks at less than two million cycles, the welding process shall be rejected.

If th
For
a)
b)
‘)
d)
e)
)

e test welded joint has fractured, thefracture origin shall be identified.
each test, the following shall be reported:

reference to this document,i.e. ISO 23300-1:2021;

identification number,0f the welded joint;

the date of testing;

the span andithe loading width of the test rig;

the distances from the centre line of the actuator to the loading points;

thelouter fibre stresses applied;

the centre

hde 1.0.

le for most

hum stress
hinal value

en applied.

g)
h)

i)

wietherthetestresutt s fatture or pass;
in the case of failure, the crack initiation location;

in the case of failure, the cause of fracture.

© IS0 2021 - All rights reserved
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Macro examination

A longitudinal vertical section shall be taken centrally down the vertical axis of the full rail and extend

at least 30
surface.

Correspon
tips as shoy

The sectio
associated
samples sh

The visiblg
weld centr
of the ISO ?

T orr-cotrroroc-orrre-ooorooT

‘l/\

ling sections shall be taken from at least one side of the foot, 20 mm inboard frgfﬁ)ghe
vn in Figure E.1 ,

hs shall be polished to a suitable finished condition. One full depth rarlibgample and
rail foot samples from a test sample shall be etched to show the wel ndary lines.
all be etched in 5 % to 10 % Nital. O

fusion zone and HAZ on each section shall be of a nominally s hgaetrical shape about
b. The width of weld metal and the HAZ shall be evaluated accofding to the subsequent p
3300 series or specified by the railway authority. Qé

Dimensions in millimg

Ring

foot

the
The

the
hrts

tres

o 0w >

20

longitudinal vertical section on the centre line of the welded rail
longitudinal vertical section of the foot tips

weld centre

boundary of HAZ

Figure E.1 — Weld sectioning diagram
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Micro examination

Microscopic examination shall be carried out on samples that have been cut from the rail head and foot

areas Gfraauirad butha vty anthaorieg) ofthaotact camanlac yayhich can ho talran for oo oo and micro
tHe-FaHAa RO Y -ottRe-teSt5aPpres cH-cah-Betake+Hehiaer-

pro— (T roorr ooy y ot VYV ITT

examination from same welded joint.

As ghown in Figures F.1 and F.2, the microstructure in at least the following areas shall be examined for
each welding process:

— |FBW and GPW:

— weld centre;

— HAZ

— unaffected parent rail;

— |ATW and EAW:

— weld metal (include boundary of the fusion);
— HAZ;

— unaffected parent rail.

The samples shall be etched in 2 % to 4 %" Nital.
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O O w >

[ ¢

22

QO
weld centre (weld line) <O
bqundary of the HAZ visible on the etched samples \‘9
vigible HAZ )

. 4\®
uJaffected parent rail
ample area to be examined microscopica\lg\.O

’\\0

Higure F.1 — Example of the microscopic examination areas for FBW and GPW
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QO
weld centre ®®
fusion line . ®$
boundary of the HAZ visible on the etcheékamples
weld metal b\
visible HAZ ('\)j‘~

>

unaffected parent rail

j example area to be exam@vi’microscopically

OO

Figure F.2 @&’mple of the microscopic examination areas for ATW and EAW
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Hardness test

G.1 Me

The hardn
hardness t
hardness t
and 5 mm
macro exa
continuing
be made at]

The hardn

Surface ha
ISO 23300

bst in accordance with ISO 6507-1 and a load between 10kg to 30 kg, or using the|Rock
est in accordance with ISO 6508-1 and a C scale. Impressions shall be on a line between 3

mination. The hardness traverse shall extend across and to both sides of the welded j¢

bss measurements obtained shall be recorded numerically and graphically.

series.

surement of
> Ot

ST CIITCTIE

ardneces
HEGRESS

ess distribution including the heat softened zone shall be measured using the-Vicl

below the rail running surface on the centrally longitudinal section of the-test sampld

until 20 mm of unaffected parent rail hardness has been encountered. Measurements g
points 2 mm apart, as shown in Figures G.1 and G.2.

rdness test methods for ATW and EAW are to be specified in the subsequent part

Dimensions in millime

Kers
vell
mm
for
int,
hall

of

tres

E

- 44444 44444

441 aSasalIR TR SR

<

Y

A
Y

\/

A

etiveen 3 mm and 5 mm

Key

A depthh
B  parent
C

D

E

F

rail 1n the visible HAZ

parent rail beyond the visible HAZ
unaffected parent rail
weld centre line

for the Rockwell hardness test

24

Figure G.1 — Longitudinal hardness measurement for FBW and GPW

spacing between the test points, spacing shall be at 2 mm centres for the Vickers hardness test and 5mm centres

Dimensions in millimetres
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Key

o™ m g 0O w >

G.2

Thd
of t

F
Ay |
T bbb 4 TH+++++H»+++ ----- |
ALz
. o e
20 i 20
- D . C - ?R C - D

depth between 3 mm and 5 mm
weld metal

parent rail in the visible HAZ
parent rail beyond the visible HAZ
unaffected parent rail

weld centre line

Figure G.2 — Longitudinal hardness.measurement for ATW and EAW

Evaluation of hardness data

\

measured hardness data on each welded joint shall be evaluated according to the subsequent parts

ne ISO 23300 series.
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H.1 General

Annex H
(normative)

Drop-hammer test

The drop-;l;mmer test can be used to determine whether the welded joint by FBW or GPWeant

defects, an

H.2 Dro

The test sa
and both e

The test sample shall be placed flat with the rail head upward on the twofixed supports of the tes

machine, W

The tempe

H.3 Dro

A rigid foundation shall be used to support the drop-hammer testing machine. The mass of the a

shall be a1

The radius

the test sanple from rolling over.

The stand
machine sH
friction be

Safety faci
test.

The drop
determine
rail welded

d also to optimize the welding parameters.
p-hammer test arrangement
nds machine cut.

ith a 1 m span and the welded joint located in the centre.

Fature of the test sample shall be 10 °C to 50 °C during thé test.
p-hammer test machine

hinimum of 10 000 kg.

of the hammer head bottom shall bex100' mm to 300 mm. The support structure shall prey

ird mass of the hammer shall be 1 000 kg + 5 kg. The rack of the drop-hammer tes
all be stable. The guide rail’shall not incline and shall be lubricated frequently to reduce
ween the guide rails and the dropping hammer.

ities such as the cage/surrounding the test machine shall be closed and locked during

height, which-¢an vary for different rail profiles and the number of test samples,
l by the relevant railway authority. As a reference, in the case of a Chinese standard 60 k
joint, the.drop height is 5,2 m.

H.4 Tes

hins

mple shall be atleast 1,3 m long, with the welded joint located at the eentfe of the test sample

[ing

nvil

rent

[ing
the

the

are
y/m

results, interpretation and test report

The test welded joint may be considered qualified if there is no fracture after one drop. If the test
welded joint breaks, the fracture face shall be inspected and recorded. Further analysis can be required
to optimize the welding parameters and check the operation of the welding machines.

For each te
a)
b)
c)

identif

st, the following shall be reported:

reference to this document, i.e. ISO 23300-1:2021;

ication number of the welded joint;

the date of testing;

d) the spans of the test rig;

26
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e) whether the test resultis failure or pass;
f) in the case of failure, the crack initiation location;

g) inthe case of failure, the cause of fracture.

© IS0 2021 - All rights reserved 27


https://standardsiso.com/api/?name=698d8e90d7979201b64828a2af9868e7

IS0 23300-1:2021(E)

Annex I
(normative)

Recording of defects on fracture faces

All weld fracture faces from the approval tests referred to in 6.3 and 6.4 shall be inspected and the

details of

N Az ald dafactc [imnarfactione racnrdad
Hy—Wera-aereeesHaperteedonRs+ec

A separate
The record

a) size:h
b) shape;
c) locatig
d) orient
e) origin
f) typeo

Test weld i
appended {

A weld fra
being mad

oo

record shall be made for each weld fracture face on a rail profile grid shown in Eigure
shall show the following details relative to each defect/imperfection:

bight and width dimensions;

n;

htion;

of fracture;

F defect/imperfection.

Hentification and the relevant bending test or fatigie test information shall be endorsed
o arail profile grid.

1.1

and

cture face containing no defects/imperfections shall be similarly recorded with an emtry

e on the rail profile grid to show clearly the'wording “No visible defects/imperfections”.

28
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Figure 1.1 — Rail profile grid
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Ultrasonic testing

J.1 General

This anne)]:ntroduces the basic conditions for UT and describes the personnel, equipment used, sinigle-
probe techpique and double-probe technique (tandem technique) utilized on various welded joints and
the basic pprameters that shall be recorded during testing.

Acceptancg criteria for welded joints in track and the optional scanning techniquésrin Table J.1|are
determinegl by the relevant railway authority.

Table J.1 — Typical scanning techniques of UT for welde@ joint

No. Purpose Illustration Probe and scanning surfade
L
=
Horizontal defects in parent , = f ‘ One normal-beam probe at the
1 metal adjacent to the welded = . P
" running surface
joint
2 Horizontal defects in the weld One normal-beam probe at the
metal running surface
3 The non-planar defects One 70° angle-beam probe at fhe
inside head running surface
4 The planar defects Two 45° angle-beam probes pt
inside head the sides of the rail head
5 The non-planar defects One 45° angle-beam probe at the
inside web running surface
{ e | ° )
The planar defects Two 45 angle_beam probes at
6 inside web the running surface
(tandem technique)
NOTE L = 2h x tanf, where h is the height of rail, f is the refraction angle of the probe.
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Table J.1 (continued)

No. Purpose Illustration Probe and scanning surface
7 The non-planar defects One 45° angle-beam probe at the
inside foot foot tip
> The planar defects Two 45° angle-beam probes at
inside foot the foot tip
Q -
D Testing of middle of foot One 43 anglg beam probe at the
running surfgce
° -
1o Testing of ankles One 70° angle-beam probe at the
upper surface of the ankles
11 Testing of toes One 70° angle-beam probe at the
upper surface of the toe
NOTE L= 2h xtanpB, where h is the height of rail, f is therefraction angle of the probe.

J.2| Test personnel

Inspectors shall be approved by therelevant railway authority or by any accredited certified centre.

J.3| Test equipment

Only test equipment approved by the relevant railway authority shall be used for the detection of
volymetric and planar‘defects.

The frequency of-the ultrasonic probes shall not be less than 2 MHz.
Suiffable reference blocks which are used to set sensitivity and range of the UT shall be available.

The typérand size of prefabricated reflectors in the reference block shall be specified by the railway
authority. Some examples are given in .5 for reference.

A declaration of conformity by the manufacturer shall be available for the instrument, the probes and
the reference blocks.

J.4 Scanning techniques
UT shall be carried out on the welded joints in finished condition.

The scanning shall be performed from both sides of the welded joint.
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].5 Reference blocks

A typical reference block example for each scanning technique is given as follows:

a) Atypical reference block for the double-probe technique is given in Figure ].1.

b) A typical reference block for the normal-beam probe technique is given in Figure J.2.

c) Atypical reference block for the 45°/70° angle-beam probe technique is given in Figure ].3.

d) A typical reference block for the 70° angle-beam probe technique at foot toe/ankle is given in
Figured=4-

e) A typi¢al reference block for the double-probe technique at head/base area and for the 45°anigle-
beam probe technique at all areas is given in Figure J.5.

Dimensjons in millimdtres

20

[+Y}.
|8

Key

AtoK lat-bottomedrholes

d liameter-offlat-bottomed hole

Figure ]J.1 — Typical reference block for double-probe technique
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Dimensions in millimetres
40 30 30 30 30 30 30

+ ‘ A
4 B
4 C
% D
d
———¢<— | _-__—lf_: - E
+ ff | F
| ) | K
+ / e
Key
A to|G side-drilled holes
d diameter of side-drilled hole
X = 15 mm
X, = 20 mm
Figure ]J.2 — Typical reference blockfor normal-beam probe technique
Dimensions in millimetres
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| G
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4 /"_ e
Key
AtoH side-drilled holes
d diameter of side-drilled hole
Yy =15 mm
Y, =20 mm

Figure J.3 — Typical reference block for angle-beam probe technique
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Dimensions in millimetres
40 . 70

i
ili

30

Key
A B Vcwe—inql drillad baolac
, rheal-driled-hole S
d dipmeter of vertical-drilled hole

Figure |.4 — Typical reference block for angle-beam probe technique on foot toe and ankl

\12

Diménsions in millimdtres
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50 \i

N 50 50 | 50 | 50 | 607,50 o h
o
o - :
g &0 I
Sl 42| B v !
S| |5TBs I
< Brs |
‘j B\J \\ :
Bg d :
r;1 [ r!1
l 700 X
50
A
@
Key

flat-bottomed.hole applied for double-probe technique
flat-bottomed 'hole applied for single-probe technique

i Lo Lot ol
dlamet-. UT TTaC UUTCUTITCU TTUTC

depth of flat-bottomed hole

> QoW >

Figure J.5 — Typical reference block for double-probe and single-probe technique

34 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=698d8e90d7979201b64828a2af9868e7

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Rail welding processes
	5 General process of rail welding
	6 Approval/homologation of welding processes
	6.1 General
	6.2 Non-destructive testing (NDT)
	6.3 Slow-bending test
	6.4 Past-the-post fatigue test
	6.5 Macro examination
	6.6 Micro examination
	6.7 Hardness test
	6.8 Drop-hammer test (optional)
	6.9 Recording of defects
	6.10 Test result reports
	7 Acceptance in factory/track
	7.1 General
	7.2 Weld inspection
	7.3 Straightness inspection
	7.4 Documentation
	8 Requirement on contractor/welder/inspector
	8.1 Contractor
	8.2 Welder, operator and inspector
	8.3 Audit
	Annex A (normative)  Slow-bending test method for rail foot in tension
	Annex B (normative)  Slow-bending test method for rail head in tension
	Annex C (normative)  Three-point bending fatigue test
	Annex D (normative)  Four-point bending fatigue test
	Annex E (normative)  Macro examination
	Annex F (normative)  Micro examination
	Annex G (normative)  Hardness test
	Annex H (normative)  Drop-hammer test
	Annex I (normative)  Recording of defects on fracture faces
	Annex J (normative)  Ultrasonic testing
	Annex K (normative)  Magnetic particle testing
	Annex L (normative)  Dye penetrant testing
	Annex M (informative)  Examples of acceptance criteria for straightness
	Bibliography

