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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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htent rights identified during the development of the document will be'in the Intrody
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INTE

RNATIONAL STANDARD ISO 5003:2016(E)

Flat bottom (Vignole) railway rails 43kg/m and above

1 S

cope

This International Standard specifies the terms and definitions, information to be supplied by the
purchaser, tolerances for dimensions, length, technical requirements, inspection rules, identification,
certification, and a quality assurance system for as-rolled and heat-treated steel rails for railways.

This
and a

Therd
includ

carbgn manganese, and “heat-treated” low alloy steels.

2 N
The f

indispensable for its application. For dated references, only“the edition cited applies.

referg
ISO 1
ISO 3

ISO 4
stand|

ISO 4
ISO 4
ISO 6
ISO 6
[SO1
ASTM

ASTM
Mate

nternational Standard specifies flat bottom (vignole) railway rails with linear mas
bove, for conventional and high-speed railway track usage.

are 19 pearlitic steel grades specified, covering a 200 HBW to 400 HBW-hardne
ling “non-heat-treated” carbon manganese steels, “non-heat-treated” alloy steels, “

ormative references

bllowing documents, in whole or in part, are normatively. referenced in this docuy

nces, the latest edition of the referenced document (ineluding any amendments) app
)99, Metallic materials — Fatigue testing — Axialforce-controlled method
B87, Steels — Determination of depth of decarnbiirization

067, Steel — Determination of content(of non-metallic inclusions — Micrographic 1
hrd diagrams

D68:1979, Steel — Macrographiclexamination by sulfur print (Baumann method)
D69:2015, Steel — Etching method for macroscopic examination
b06-1, Metallic materials=- Brinell hardness test — Part 1: Test method
B92-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperatu
108, Metallicimaterials — Fatigue testing — Fatigue crack growth method

E45, Standard test methods for determining the inclusion content of steel

E399-Standard Test Method for Linear-Elastic Plane-Strain Fracture Toughness K|
ials.

5 of 43 kg/m

5s range and
heat-treated”

nent and are
For undated
ies.

nethod using

e

¢ of Metallic

3 Terms and definitions

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

3.1
heat

liquid steel melt tapped out of a converter or electric arc furnace which includes, after continuous
casting, a given number of blooms relating to the weight of the heat and the extension of the mixing zone

Note 1 to entry: In the case of sequence casting, the blooms belonging to the mixing zone should be clearly defined.
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3.2
sequence

016(E)

any number of heats, of the same steel grade, which undergo continuous casting in tundishes

Note 1 to entr

3.3

y: Tundishes can be used in parallel, if the caster has many strands.

heat-treated rail
rail that has undergone accelerated cooling from austenitizing temperature during the metallurgical
transformation period

3.4

off-line heat
all rolled rail

3.5
online heat-
heat-treated

3.6
rolling proc
process betw

3.7

isothermal
process whe
hydrogen co1

Note 1 to entn
temperature 3

Note 2 to entr]

3.8
rail running

curved surfalce of the rail head

Note 1 to entr
and the first h

-treated rail
that has undergone re-austenitization for heat treatment purposes

treated rail
rail that has not undergone re-austenitization after rolling

eSS
reen the blooms leaving the heating furnace and exiting the finishing pass

‘reatment process
reby blooms are held for a period of time at an elevated temperature for reducir
itent

y: For maximum efficiency, this is as near to (butibelow) the pearlite to austenite transfory
s is practically possible.

y: This process is sometimes referred to as\sub-critical” diffusion annealing.

 surface

: [t may also refer to any dreabetween both gauge corners (transition points of the head incli
ead radius).

g the

hation

hation

brder:

1sions

4 Information to be supplied by the purchaser

The purchasér shall previde the supplier with the following information at the time of enquiry or

a) the rail profilex{by submitting a drawing) and the profile tolerances as defined for the dimer
listed in{Table 3;

b) the steel grade (see 7.2 and Annex A);

c) the straightness class “A” or “B” of rail (see Table 5);

d) the non-metallic inclusion determination method and if applicable: the class “1” or “2” of rail
(see Table 13);

e) the determination of the macrostructure (see 5.10);

f) the lengths of rail (see Table 4 and 6.3);

g) undrilled or drilled rail ends to take fish bolts, and location and dimensions of holes when required
(see Table 4);

h) paint code requirements (see 9.4.4).

2
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5 Test methods

5.1 Testitems, testing frequency and test methods

Test items, sampling position, sampling numbers and test methods shall be as given in Table 1 and Table 2.

Table 1 — Testing frequency for acceptance testing

Test items As-rolled rails Heat-treated rails Relevant
subclause
hoemical
- One per heat One per heat b.2
cdmposition
One per heat
Hydrogen One_per heat_ (two tests from first heatin |$.3
(two tests from first heat in sequence)
sequence)
Tqtal oxygen One per sequencea One per séquencea b.4
Tensile One per heatab,d One-per heatac b.5
Hardness One per heatab @ne per heatac 5.6
Not required for grades HR200, HR220,
HR235 and HR260A.
. One per 100 tons of )
Microstructure | Qne per 1 000 tons or part thereof for grades heat-treated railac p.7
HR260B,HR280,HR310A,
HR310B,HR320,HR3253ab
Decgrburization One per 1 000 tons or part thereofab One per 500 tons or part 5.8
thereofac
Non-me'Falllc inclu- One per sequenceb One per sequenceb orc 59
sions
One per 500 tons or part ||
a,b
Madrostructure One per 500 tons or part thereof thereofab or ¢ 5.10
Jimension Whole length Whole length 6.1
Stfaightness Whole length Whole length b.2
Surface quality Whole length Whole length /.9
Ultfasonic test Whole length Whole length 511
a  Sgmples shall be taken/at random. When different rail grades are casted in the same sequence, the sgmples shall be
taken putside the mixing.zone.
b S3mples shallbe cut after rolling.
¢ S3mples shall'be cut after heat-treating for heat-treated rails.
d  One calculation per heat and one testing per 2 000 tons if agreed between purchaser and manufacturer

Table 2 — Testing frequency for periodic tests

Test items As-rolled rails and Heat-treated rails Relevant subclause
Residual stress Tests shall be done for all grades at least once every |2:12
Fracture toughness (Ki) | ° Years or after any relevant change in the produc- |5 13
- tion process. The manufacturer shall only carry out
Fatigue crack growthrate |testing on a 60 kg/m profile or the heaviest section |2:14
Fatigue test produced. 5.15
Longitudinal hardness test Heat-treated rails 5.16

5.2 Chemical composition

The chemical composition shall be determined on the liquid.

© IS0 2016 - All rights reserved 3
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When the solid chemical composition is to be checked as a requirement of the purchaser, this shall be
carried out at the position of the tensile test piece shown in Figure 1.

5.3 Hydrogen content

The hydrogen content of the liquid steel shall be measured by determining the pressure of hydrogen
in the steel using an online immersion probe system or the method agreed between the purchaser and
manufacturer.

At least two liquid samples shall be taken from the first heat of any sequence using a new tundish and
one from each of the remaining heats and analysed for hydrogen content (see Table 1). The first sample

from the firs
concentratio

When testing
at random. H
bloom teeme
centre of the

5.4 Total
The total oxy

If the total o
Figure 2.

5.5 Tensil

Test samples

wm&mrmﬂmtﬁwwmmﬂyﬂ

y of rails is required rail samples shall be taken at the hot saw at a frequency of ane pe|
owever on the first heat in a sequence, the rail sample shall be from the last-part of
d on any strand. Hydrogen determination shall be carried out on samples taken fro
rail head, and determined by automatic machine.

pxygen content
gen content can be determined in the liquid or solid.

xygen content is determined from the solid rail head;the testing positions are sho

e test

shall be taken from the rail head as shown\in Figure 1.

The tensile groperties shall be determined in accgrdance with ISO 6892-1 by using a round tensi

piece with th
— diamete

— gaugele

In the case

before testinfg.

For as-rolled
purchaser ar
analysis. Thd

5.6 Hardn

e dimensions as follows:
" 10 mm;
ngth 50 mm.

f dispute, the tensile_test pieces shall be maintained at a temperature of 200 °C f

rails, the tensile strength and elongation may be determined as agreed betwegq

method'to be applied is shown in Annex B.

€SS

rogen

r heat
h first
Im the

wn in

e test

re6h

n the

d manufacturer by a correlation to the chemical composition based on the statistical data

5.6.1 General requirements

Brinell hardness tests (HBW) shall be carried out in accordance with ISO 6506-1. The method used is at
the discretion of the manufacturer.

In case of dispute, the test shall be done using HBW 2,5/187,5.

5.6.2 Surface hardness

The surface hardness shall be tested at position RS as shown in Figure 3.

© ISO 2016 - All rights reserved
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The surface hardness shall be tested on the centre line of the rail head crown. 0,5 mm shall be removed
from the running surface before a hardness impression is made. Surface quality must be according
with ISO 6506-1.

5.6.3

Internal hardness

For heat-treated rails, the internal hardness shall be tested in accordance with ISO 6506-1 at the testing
positions shown in Figure 3.

The internal hardness of heat-treated rails of any steel grade shall be determined on a transverse
specimen cut from the end of the rail. The specimen shall be ground or milled so that the transverse

surfa

5.7

Hal
LCO AdAI'U Pal dalltCl.

Microstructure

The mnicrostructure testing position in the rail head shall be as shown in.Figure 1,

deter

5.8

mined at a magnification of 500x.

Decarburization

Decarjburization depth shall be assessed by means of a hardness test using HBW 2,5/187,5

The t

st shall be performed at three points in the centre of the-rail crown after minimal p

the rajil head surface (less than 0,2 mm material removed). None‘of the hardness test results
than T points lower than the minimum hardness of the specified grade (e.g. 253 HBW for 26(

As an
The t

psting position in the surface of the rail head shall be as shown in Figure 4. The test s

the d¢pth of closed ferrite network in accordanceivith ISO 3887. Photomicrographs show
of hoyv to determine the depth of decarburization are shown in Figure 5.

5.9

5.9.1

Non-metallic inclusions

General requirements

Samples shall be taken from one’of the last blooms of the last heat of the sequence. From

two s

pecimens shall be tested.

The njon-metallic inclusiens testing position in the rail head is shown in Figure 6.

5.9.2
The t

If agn
such

Testing methods

st shatleomply with the method shown in Annex C.

and shall be

indentation.
reparation of
shall be more

grade rail).

alternative or in the case of dispute decarburization depth shall be measured metallographically.

hall measure
ng examples

each sample,

eed between purchaser and manufacturer [see Clause 4 d)], alternative methods 11nay be used,

O

— S0 4967:2013, Method A;

— ASTM E45, Method A.

5.10

Macrostructure

Macrostructure of transverse rail sections shall be tested in accordance with ISO 4969 or ISO 4968, as
agreed between purchaser and manufacturer [information given by the purchaser in Clause 4 e)].
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5.11 Ultrasonic test

5.11.1 Testing area

The minimum cross-sectional area examined by the ultrasonic technique shall be

— the area

atleast 70 % of the head,

atleast 60 % of the web, and

of the foot to be tested shall be as shown in Figure 7.

By conventidn, these areas are based on projecting the nominal crystal size of the probe. The head

be tested fro

5.11.2 Seny

The sensitiv
level requirg
to a possible
marking and

instead of 4 dB.

The system
echo signals

5.11.3 Calibration rails

There shall b
defects are g
respectively,

with Figures
Other metho

5.12 Resid

5.12.1 Test
The manufad

For residual
straightened

5.12.2 Test

both sides and from the running surface.

itivity requirements

ty levels of the automated equipment used shall be a minimum of 4 dB greater th4
d to detect the reference reflectors described in 5.11.3. A rail giving an echo refg
defect shall be separated by means of an automatic trigger/alarm-level combined ¥
/or sorting system. For possible retesting, the test sensitivitycshall be increased to

shall incorporate continuous monitoring of interface signals and, if present, bag

e a calibration rail for each profile to be tested ultrasonically. The positions of the art
iven for the rail head, web and foot of the 60E1 profile (see Annex D) in Figures 8, 9 a
Calibration rails for other profiles with-calibration defects similar to those in accor
8,9 and 10 for 60E1 shall be available.

s of calibration may be used but these methods shall be equivalent to that described ¢
hal stress

sample rail

turer shall only/carry out testing on a 60 kg/m profile or the heaviest section prod
stress tests‘there shall be six sample rails, which shall be taken from finished
rails, and test pieces shall be taken from the full roller straightened part of the rail.

pi€ces

shall

n the
Prring
vith a
6 dB,

kwall

ificial

nd 10
Hance

bove.

uced.
roller

Each of the six test pieces from the rail section shall be 1 000 mm in length.

5.12.3 Test

The residual

method

stresses in the rail foot shall be determined in accordance with Annex E.

5.13 Fracture toughness (K|¢)

5.13.1 Test

The rails use

sample

d for this test shall be of the same profile as used for 5.12.
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Three rail test pieces shall be taken from the full roller straightened part of rails from three different
heats and different strands.

From each of the three rail test pieces, a minimum of five samples shall be produced.

These samples shall not be subject to any further mechanical or thermal treatment.

5.13.2 Test pieces test method

Fracture toughness test shall be performed in accordance with Annex F.

5 14 Dada 1 d=la i
. rdalgutT Cldlh gl UOWLUL 1dilT

5.14.1 Test sample rail
The rhils used for this test shall be of the same profile as used for 5.12.

Threg rail test pieces shall be taken from the full roller straightened partof rails from thiree different
heats|and different strands.

From|each of the three rail test pieces, a minimum of three samples shall be produced.

Thesg¢ samples shall not be subject to any further mechanical px'thermal treatment.

5.14.2 Test pieces

A thr¢e point bend, single edge notch test piece, of thé\dimensions and location within the fail shown in
Figure 11 shall be used.

5.14.8 Test method

Tests|shall be carried out in accordancewrith the general requirements of ISO 12108.

5.14.4 Number of tests and test'conditions
A mirfimum of three tests from,€ach sample rail shall be performed under the following conditions:
— teést temperature shalljbe within +15 °C to +25 °C;

— R=0,5 (R =minimum cyclic load/maximum cyclic load);

|
w

Lpoint bendtest piece loading span shall be 4 W (see Figure 11);

|
(@)

yclic leading frequency shall be within 15 Hz to 40 Hz;

—

dbobatory environment.

5.15 Fatigue test

5.15.1 Test sample rail
The rails used for this test shall be of the same profile as used for 5.12.

Three rail test pieces shall be taken from the full roller straightened part of rails from three different
heats and different strands.

From each of the three rail test pieces, a minimum of three samples shall be produced.

These samples shall not be subject to any further mechanical or thermal treatment.

© IS0 2016 - All rights reserved 7
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5.15.2 Test

The test piec

5.15.3 Test

pieces
es shall be machined from the sample rail as shown in Figure 12.
method

Constant amplitude fatigue tests shall be carried out in accordance with ISO 1099.

5.15.4 Number of tests and test conditions

A minimum of three test pieces shall be tested from each sample rail under the following conditions:

test tem

control ¥

strain cy

5.16 Variat
This subclau

For the longg

perature shall be within +15 °C to +25 °C;
ariable shall be axial strain amplitude;

cle shall be symmetrical about the initial, zero load.

ion of centre line running surface hardness of heat-treated rails
ce only applies to heat-treated rails.

st length of rail produced by the manufacturer, a one métye length of rail shall be

from each end and at 20 m intervals from one end of the rail. These‘shall be hardness tested (

in accordand
surface aften
the mean req

6 Toleral

e with [SO 6506-1 along their length at 25 mm intervals on the centreline of the ru
0,5 mm has been ground away. The hardness results shall be no more than +15 HBW
ult obtained.

nces for dimension, shape, length-and weight

6.1 Dimension, shape and length tolerance

The dimensi
points of the

NOTE Th
other profiles

The cut leng
[see Clause 4
angle of drill

bns of the profile, which shall have certain tolerances, are given in Table 3. The refe
profile and gauge drawingsware given in Annex G.

e tolerances shown in Table’3 in columns “X” and “Y” are informative for the 60E1 rail profi
the values for tolerances shall be given according to Clause 4 a).

th and shorten.length of rails shall be agreed upon by the purchaser and manufag
f)]. The toleranhees for cutting, drilling and length shall be as given in Table 4. The ch

gd holes shall*‘be 45° and 0,8 mm to 2,0 mm in depth.

6.2 Straightness, surface flatness and twist

Flatness test

ing of the bodv shall he ppr‘fm"mpd m]‘rnmn‘rir‘nlly

taken
HBW)
nning

from

rence

lle. For

turer
amfer

Tolerances for straightness, surface flatness and twist shall meet the requirements given in Table 3.
Unless otherwise agreed, rails <54 kg/m are delivered with class B tolerances.

If the rail shows evidence of twist, this shall be checked in accordance with Figure 13 by inserting feeler
gauges between the base of the rail and the rail skid nearest the rail end with the rail being laid head up
on an inspection bed. If the gap exceeds 2,5 mm the rail shall be rejected.

Rotational twist in the end metre of the rail, as measured by the gauge illustrated in Figure 14, shall

not exceed 0,

2°.

Rejected rails may be subject to only one roller re-straightening.

In cases of dispute on the results of the automatic technique, rail flatness shall be verified using a
straight edge as shown in Table 5.

8
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6.3 Weight

Rails shall be delivered in theoretical weight. The density of 7,85 g/cm3 shall be applied to calculate the
rail theoretical weight.

Table 3 — Tolerances for profile dimension

Profile class
60E1 rail profile (Annex D)

*Reference points . . . i . . ;
p (dimensions in millimetres, informative, Gauge, figure

(see Ligure 1.1) the tolerances listed here shall be applied number
nnly for 60E1 rail prnfile) (see Anngx_(i)
Location/property Symbol X Y
Height of rail *H +0,6 +0,8 Figulm G.3
Width of rail head *WH +0,5 +0,5 Fi 4
Crowh profile
+0,6 +0,6
- Class A straightness *C Figure G.5
-0,3 -0,3
- Class B straightness +0,6 +0,6
. Figure G.6 and
*
Rail asymmetry ‘AS +1,2 +1,5 m
Height of fishing *HF +0,6 +0,6 Figul[e G.8
+1,0 +1,0
Web tlhickness *WT Fi 9
=0,5 -0,5
+1,5
Width of rail foot *WF +1,0 1o Figulre G.10
+0,75 +0,75
Foot foe thickness *TF 05 05 Figufre G.11
Foot bbase concavity <0,3 <0,3

© IS0 2016 - All rights reserved 9
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Table 4 — Tolerances for cutting, drilling and length

Profile class
dimensions in millimetres Gauge, figure
(the tolerances listed here shall be applied only for number

60E1 rail profile) (see Annex G)
X | Y

0,6 mm in any direction 0,8 mm in any direction

0,8
0,6 —

ﬁ 0,6 08
Squareness of ends ~—

0,8

0,6

‘ 0,6 0,8

Digmeter +0,7 | £0,8 Figure G.12

Pogition The horizontal position of the holes is ¢checked using a
gauge as shown in Figure G.12 which'has a stop
designed to come into contact with*the end of the rail
and pins designed to enter thecholes.

Cenptring and positioning
of the holes vertically and
hoyizontally

The diameter of the pins forthorizontal and vertical
clearances is smaller than'the diameter of the holes by:

— 1,0 mm for holes$30 mm in diameter;

— 1,4 mm for holes >30 mm in diameter.
Bolts Figure G.12,
The distances)between the centre lines of the pins and |Fjgyre G.13
the stop,are equal to the nominal distances from the

centreline of the holes to the end of the rail.

The gauge pins shall be able to enter the holes at the
Same time while the stop is touching the end of the rail.

The vertical centring of the holes can be checked using
a gauge as shown in Figure G.13.

The side of the hole, left or right, is determined
by proceeding from the side with the relief markings.

Ralls drillédboth
ends <25'm

Lengtha |Rails undrilled <25 m 10 10

Rails undrilled or drilled
on one end >25m

+6 +6

*1 mm/1m *1mm/1m

a  The given rail lengths apply for +20 °C. Measurements made at other temperatures are to be corrected to take into
account expansion or contraction of the rail.

10 © IS0 2016 - All rights reserved
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7 Technical requirements

7.1 Manufacturing methods

7.1.1 Blooms made from basic oxygen steel or electric arc furnace steel that has been secondary ladle
arc refined, vacuum degassed and continuously cast, shall be used for the manufacture of rails.

e

rolling procgss.

7.1.3 The ¢ross-sectional area of the rail shall not exceed one ninth that of the bloom from whigh the

rail is rolled.

7.1.4 Rail jtraightening shall be by a two stage roller straightening process which straightens t]hte rail

about its XX find YY axes as defined in the rail profiles. End deviations or a localized deviation on the rail

may be corrgcted using pressing.

7.2 Chemjcal composition

7.2.1 Gengqral

The liquid chemical composition shall fulfil the requirements of Tables 6 and 7, and liquid regidual

elements shqll fulfil the requirements of Table 8.

The content pf nitrogen shall not exceed 90 x 10-4 %(in the liquid for all steel grades.

Table 6 — Chemical composition of as-rolled (HR) rails (in mass %)
Steel grade C Si Mn P S Cr Al \
max. max. max.

HR200 0,40-0,60 | 0,15-0,58_| "0,70-1,20 0,035 0,025 <0,15 0,004 <0,p30
HR220 0,50-0,60 | 0,20-0,60-1 1,00-1,25 0,025 0,025 <0,15 0,004 <0,p30
HR235 0,63-0,75 | 0,15=0,30 | 0,70-1,10 0,030 0,025 <0,15 0,004 <0,p30
HR260A 0,62-0,80_|0,+5-0,58 | 0,70-1,20 0,025 0,025 <0,15 0,004 <0,p30
HR260B 0,55-0,75) 0,15-0,60 | 1,30-1,70 0,025 0,025 <0,15 0,004 <0,p30
HR280 0,71=0;80 | 0,50-0,80 | 0,70-1,05 0,025 0,025 <0,15 0,004 0,04+0,12
HR310A 0,74-0,86 | 0,10-0,60 | 0,75-1,25 0,020 0,020 <0,30 0,004 <0,p30
HR310B 0,72-0,82 | 0,10-0,50 | 0,80-1,10 0,020 0,020 0,25-0,40 0,004 <0,030
HR320 0,60-0,80 | 0,50-1,10 | 0,80-1,20 0,020 0,025 0,80-1,20 0,004 <0,18
HR325 0,72-0,82 | 0,10-1,00 | 0,70-1,25 0,020 0,020 0,40-0,70 0,004 <0,030

14 © IS0 2016 - All rights reserved
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Table 7 — Chemical composition of heat-treated (HT) rails (in mass %)

Steel grade C Si Mn ml;X. mgx. Cr n?;;( %
HT320 0,72-0,82 | 0,10-0,55 | 0,70-1,10 0,030 0,020 <0,20 0,004 <0,030
HT330 0,72-0,82 | 0,10-0,65 | 0,80-1,20 0,030 0,020 <0,25 0,004 <0,030
HT340 0,71-0,80 | 0,50-0,80 | 0,70-1,05 0,025 0,020 <0,15 0,004 | 0,04-0,12
HT350A 0,72-0,80 | 0,15-0,58 | 0,70-1,20 0,020 0,025 <0,15 0,004 <0,030
HT350B 0,72-0,80 | 0,15-0,58 | 0,70-1,20 0,020 0,025 <0,30 0,004 <0,030
HT3764 6;74=6;86—06;10=6;66—06;75=125 8,626 6,626 <6;36 8,604 <0,030
HT370B 0,72-0,82 | 0,10-1,00 | 0,70-1,25 0,020 0,020 0,40-0,70 | 0/004 <0,030
HT370C 0,70-0,82 | 0,40-1,00 | 0,70-1,10 0,020 0,020 0,40-0,60 | 10,004 <0,030
H[T400 0,90-1,05 | 0,20-0,60 | 1,00-1,30 0,020 0,020 <0,30 0,004 <0,030

Table 8 — Maximum residual elements (%)
Steel grade Nb Mo Cu Ni Sn Sb Ti - Cu+10Sn others

HR200, HR220

HR235, HR260A, 0,01 | 0,02 | 0,15 | 0,10 | 0,030 | 0,020,10,025 0,35 0,35 (Cr+Mo+Ni+Cu+V)
HR260B
HR280 0,01 | 0,02 | 0,15 | 0,10 | 0,030 |*Q;020 | 0,025 0,35 0,35 (CrMo+Ni+Cu)
HR310A 0,01 | 0,02 | 0,15 | 0,10 | 0,030 0,020 | 0,025 0,35 0,20 (Mp+Ni+Cu+V)

HR310B, HR325 0,01 | 0,02 | 0,40 | 0,15 }.06;030 | 0,020 | 0,025 - -
HR320 0,01 | 0,02 | 0,15 | 0,10*] 0,030 | 0,020 | 0,025 0,35 0,16|(Ni+Cu)

HT3740,HT330, HT350B
HT370A, HT370C, 0,04 | 0,02 | 0,15% 0,10 {0,030 {0,020 | 0,025 0,35 0,20 (Mp+Ni+Cu+V)

HT400

HT340 0,04 | 0,02°, 0,15 | 0,10 | 0,030 0,020 | 0,025 0,35 0,35 (CrMo+Ni+Cu)
HT350A 0,04 (6,02 | 0,15 | 0,10 | 0,030 0,020 | 0,025 0,35 0,25 (Cr+Mo+Ni+Cu+V)
HT370B 0,04%,)0,02 | 0,40 | 0,15 | 0,030 0,020 | 0,025 - -

7.2.2| The solid chemicdl composition tolerances shall conform to the requirements of Talle 9.

Table 9 <= Solid chemical composition tolerance on the upper and lower limits (%)

Elements Under (Minimum) Over (Maximum)
C 0,02 0,02
St 8,02 6,62
Mn 0,05 0,05
P - 0,005
- 0,005
N - 0,001
Cra 0,03 0,03
Vb 0,02 0,02
a  Thisis suitable only for HR310B, HR320, HR325, HT370B, and HT370C.
b This is suitable only when V content in liquid steel is greater than or equal to 0,04 %.

NOTE Tolerance beyond limits of specified chemical composition.

© IS0 2016 - All rights reserved 15
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7.2.3 For all grades other than HT370C and HT400, the hydrogen contents of the liquid steel shall
not exceed 2,5 x 104 %, or the hydrogen contents of solid rails shall not exceed 2,0 x 10-4 %. For the
grades of HT370C and HT400, the hydrogen contents of the liquid steel or solid rails shall not exceed
1,7 x 104 %.

If the hydrogen contents of the first samples of a first heat or the heat sample of a second or further heat
do not comply with these requirements, then the blooms made before those samples are taken shall be
slowly cooled or isothermally treated. This applies also to all blooms made before the hydrogen content
eventually complies with these requirements; in these cases, all heats shall be tested in the rail form. In

case of dispu

te, the hydrogen content shall be tested in the rail form.

If any test result after corrective treatment fails to meet these requirements the heat shall be rpjpr‘ted,

7.2.4 Total

For orders g
than 20 x 10
Heats with s

For orders lg
than 30 x 10
be rejected.
subsequent |

7.3 Mechanical properties

The tensile s
requirement
on any indiv

The internal

oxygen content of liquid steel or product rail shall not exceed 20 x 104 %.

reater than 5 000 tons at least 95 % of samples shall have a total oxygen.content ¢
-4 %. No more than 5 % of samples shall have a total oxygen content of tip to 30 x 1d
hmples having a total oxygen content greater than 30 x 10-4 % shall be rejected.

ss than 5 000 tons, only one sample with total oxygen greater tharn 20 x 10-4 %, by
-4 %, is allowed. Heats with samples having a total oxygen greater than 30 x 10-4 %
Any heats with samples having a total oxygen above 20 x40-% % shall require t}
eats be tested until values below 20 x 10-4 % are achieved:

trength, elongation and surface hardness of as-rolled and heat-treated rail shall me
5 as shown in Tables 10 and 11. The surface hardness shall not vary by more than 30
dual rail.

hardness of heat-treated rails shall meet the requirements as shown in Table 12.

f less
-4 %.

It less
shall
at all

et the
HBW

Table[10 — Tensile strength, elongation and surface hardness of as-rolled (HR) rails
Steel prade Tensile strength Elongation Surface hardnegs

R (MPa) A (%) (HBW)

HRROO 2680 =14 200-240
HRR20 2770 212 220-260
HRP35 2800 =10 235-275
HR260A}HR260B 2880 210 260-300
HRR80 2980 =10 280-320
HR310A/HR310B 2980 29 310-350
HRB26@ >1080 29 320-360
HR325 >1 080 =8 325-365

16
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Table 11 — Tensile strength, elongation and surface hardness of heat-treated (HT) rails

Steel grade Tenliile strength Elongation Surface hardness
m (MPa) A (%) (HBW)
HT320 >1 080 =10 320-375
HT330 >1130 =10 330-3902
HT340 1175 =10 340-400b
HT350A, HT350B 21175 29 350-3902a
HT370A, HT370B 21175 =9 370-410¢
HT400 >1280 =9 400-440f

a  [flthe hardness exceeds 390 HBW, the rail is acceptable provided the microstructure is confirmed to b pearlitic, and
the hardness does not exceed 405 HBW.

b If|the hardness exceeds 400 HBW, the rail is acceptable provided the microstructure is confirmed to bp pearlitic, and
the hafrdness does not exceed 415 HBW.

¢ Iffthe hardness exceeds 410HBW, the rail is acceptable provided the microstructurgeis confirmed to bp pearlitic, and
the hafrdness does not exceed 425 HBW.

d  Iffthe hardness exceeds 440HBW, the rail is acceptable provided the microstructure is confirmed to bp pearlitic, and
the hardness does not exceed 455 HBW.

Table 12 — Internal hardness of heat-treated (HT) rails

Internal hardness (HBW)
Steel grade
Point 1 Point 2 Point 3 Point 4
HT320 =321 >311 =301 >321
HT330 2331 >321 2311 =331
HT340 2331 =321 2311 =331
HT350A, HT350B 2340 2331 =321 2340
I|1T370A, HT370B 2350 2341 2331 2350
HT370C 2360 2350 2340 2360
HT400 2390 =380 2370 =390

7.4 |Microstructure

For HR200, HR220, HR235, HR260A and HR260B, the microstructure shall be pearlitfic, but grain
bounglary ferrite may occur. For other grades, the microstructure shall be fully pearlitic.

All gifadés, including heat-treated grades, the microstructure shall be with no martensite, bainite or
grainlboundary cementite.

7.5 Decarburization

Where decarburization is assessed metallographically, the depth of continuous ferrite networks as
assessed according to ISO 3887 shall not exceed 0,5 mm measured on the rail head surface.

Where decarburization is assessed by the hardness method, the minimum hardness measured at the
centre of the rail crown shall not be more than 7 HBW below the minimum bulk hardness for the
grade tested.

© IS0 2016 - All rights reserved 17
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7.6 Non-metallic inclusions

If the method shown in Annex C is applied, the total index K3 shall comply with:

10 < K3 < 20 for a maximum of 5 % of samples;

K3 < 10 for a minimum of 95 % of samples.

For orders less than 5 000 tons, only one sample with a K3 greater than 10 and less than or equal to
20 is allowed.

If alternative methods are used (see 5.9), the following limits shall apply.

If the m
requiren
[see Clay

ethod of ISO 4967 is applied, the non-metallic inclusions of rails shall comply, Wit
nents of Table 13 according to the information on the class applied as given by thepurd
se 4 d)].

Table 13 — Non-metallic inclusions assessment according to ISO 4967

Type Class 1 Class2
A <2.0 255
B <15 <2,0
C <1,5 <2,0
D <1,5 <2,0

In ASTM
rating of

7.7 Macrq

The transve
Annex H (seq

7.8 Ultras

All rails shal
specified crd
using the inc

7.9 Surfaq

7.9.1 Allrg
shall comply

E45, Method A, each individual metallographi€'sample shall have a maximum av
2 and a maximum individual rating of 3 for any inclusion type, thin or heavy.

structure

'se macrostructures of acid etch rail test pieces shall comply with the requireme
ISO 4969) or Annex I (see ISO 4968).

onic test

| be ultrasonically tested by a continuous process ensuring that the entire rail lengf]
ss-sectional area_ar¢-inspected. Rails giving signals exceeding the threshold in tH
reased sensitivity-shall be rejected or cut back to remove the defective portion.

re quality

ils shall'be visually or automatically inspected on all faces for surface imperfections. A
with the criteria defined in 7.9.2 through 7.9.5. Assessment and dressing of imperfe

h the
haser

erage

nts of

h and
e rail

I rails
rtions

£y Y sakl 7 O £
OTCarrCCvv It 7+

shall bein a

Z\U.

7.9.2 The rail surface shall be free of cracks, when assessed by visual inspection.

7.9.3 All protrusions on the running surface or the underside of the foot shall be dressed. Any
protrusions affecting the fit of the fishplate at less than 1 m from the extremity of the delivered rail shall
be dressed to shape.

7.9.4 The depth of hot marks and seams shall not exceed

— 0,35 mm for the running surface, and

18

0,5 mm for the rest of the rail.
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In the case of longitudinal guide marks, there shall be a maximum of two, to the depth limits specified,
at any point along the length of the rail but no more than one of these shall be on the rail running
surface. Recurring guide marks along the same axis are accepted as a single guide mark.

The maximum width of guide marks shall be 4 mm. The width to depth ratio of allowable guide marks
shall be a minimum 3:1.

In the case of hot formed marks originating from the vicinity of the mill rolls, those which are recurrent
along the same axis, at a distance equal to the roll circumference, shall be accepted as a single mark and
may be removed by dressing. On the running surface a maximum of three marks per 40 m is allowed.
Statements concerning dressing are given in 7.9.6.

7.9.5

The djiscontinuity depth shall be not larger than

— 0
— 0
7.9.6

subse
provi

The depth of dressing shall be not larger than

— 0
— 0

No m
one d
accor

7.9.7
the ra

7.10
The n

7.11
The v|

Cold marks are longitudinal or transverse cold formed scratches.

3 mm for the rail running surface and underside of foot, and

5 mm for the rest of rail.

If the imperfection depth cannot be measured it shall be investigated by depth
quently dressed to the criteria below, using a rotary burfi’lamellar flap tool or g
ed the rail microstructure is not affected by the operationyand the work is contour bl

35 mm for the rail running surface, and
5 mm for the rest of rail.

pbre than three defects within a length 0f 10 m of rail and, over the whole length a
pfect per 10 m rail length shall be dressed or proved. After dressing profile toleranc
ance with Table 3 and flatness tolerances shall be in accordance with Table 5.

Any sign of surface microstructural damage resulting in martensite or bainite shall |
il rejected.

Residual stress

aximum longitudinal residual stress in the foot shall not be greater than 250 MPa for al

Fracturejtoughness

hlue of Kic shall comply with Table 14.

proving, and
rinding belt,
ended.

maximum of
s shall be in

be dressed or

steel grades.
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Table 14 — Minimum single and minimum mean values of Kj,

Steel srades Minimum single value Minimum mean value
& Kic (MPa m1/2) Kic (MPa m1/2)
HR200, HR220, HR235 30 35
HR260A, HR260B, HR280 26 29
HR310A, HR310B
HR320, HR325 24 26
HT320, HT330, HT340 26 29
HT350A 30 32
HT350Bf HT370A, HT370B 26 29
HTB70C, HT400
NOTE In ome circumstances K*q values can be used, see E.5.
7.12 Fatiguye crack growth rate

Fatigue cracl

x growth rates (m/Gc) shall not exceed the values given in Table 4 5:

Table 15 — Fatigue crack growth rates

Steel grade AK =10 MPa*m1/2 AK=13,5 MPa-m1{2

All grfades except HR200 and HR320 17 m/Gc 55m/Gc
7.13 Fatigye test
For a total $train amplitude of 0,001 35, the fatigue life of each specimen shall be greater] than
5 x 106 cyclds.
NOTE Life is defined as the number of cycles‘up*to the complete separation of the specimen.
8 Inspection requirements
8.1 Inspegtion and acceptance
The inspectipn and acceptance tests shall be the responsibility of the manufacturer.
8.2 Retest and justification
When the injitial test results failed to comply with the requirements, retest and justification| shall
comply with|thefollowing requirements.

If any test result fails to meet the requirements, this rail should be rejected. Further tests shall be
performed on samples from two other rails from the same heat. These samples should be representative
of the cast and rolling batch and should be from separate caster strands. If the results of both retests are
in accordance with the specification requirements, the remaining rails from this heat shall be accepted.

Should be either retest fail to meet the specification requirements, then rails from this heat and batch
shall be either rejected or re-heat treated depending on the specification.

Alternatively, rails from this heat and batch may be accepted on the basis that acceptable results are
obtained by testing the individual rails to be supplied.

20
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9 Identification

9.1

Branding

Brand marks shall be rolled in relief on one side and in the middle of the web of each rail at least once
every 4 m. The brand marks on the rails shall be clearly legible and shall be 20 mm to 30 mm high,
raised between 0,5 mm and 1,5 mm.

The brand marks shall include

a) the identification of the mill,

b) the rail profile identification,

c) the steel grade,

d) thelasttwo figures of the year of manufacture.

The ofrder of the information given in a) to d) shall be given by the manufacturer.

9.2
In ad

Hot stamping

lition to the branding requirements of 9.1, each rail shdll )be identified by a numjg

alphapetical code system, hot stamped on the non-branded sidé€ of the rail web by machine

shall
NOTE

The f
shall
shall

be hot stamped at least once every 10 m.
Subsequent cutting could result in more than onerail length having the same identity.

gures and letters used shall be clearly legiblerand shall be 16 mm high. The stampsg
have a flat or radius face (1 mm to 1,5 mm-vide) with bevels on each side. The letters
be on a 10° angle from vertical and shdll have rounded corners. The stamping shal

0,5 mm and 1,5 mm in depth along the centre of the web. The design shall be as shown in H

The i

entification system employed_shall be such as to enable the hot stamped m

collatled with the

a) number of the heat from which the rail has been rolled,

b) number of the strand and position of bloom within the strand, and

c p

9.3

psition of the railin the bloom (A, B ... Y).

Cold stamping

Cold §tamping shall only be used on the cut face of the rail within the central portion of th
requgstofithe purchaser.

9.4

brical and/or
and each rail

d characters
hnd numbers
be between

igure 15.
irking to be

b head, at the

Other identification

9.4.1 The brand marks or hot stamping on the web can also be identified by the manufacturer and
the purchaser.

9.4.2

In the event of identification marks having been removed, omitted or requiring alteration, re-
identification of such marks shall be made by rotary burr or painting.

9.4.3 The rail shall not be delivered when no marks are present or marks cannot be clearly identified.

9.4.4 Painting of rail identification shall be agreed by the purchaser and the manufacturer.
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10 Certification

When specified in the purchase order or contract, a certificate shall be furnished, including the
following information:

a) name of the manufacturer;
b) name of the purchaser;
c) rail profile(s);

d) contract number;

e) number pfthis International Standard, i.e. ISO 5003;
f) steel grade(s);

g) quantityland length of the rail;

h) heat;
i) date of i§sue;

j)  all the tgst results specified in 7.2 to 7.7.

The issue of a certificate according to this International Standard confirms compliance with all
technical redquirements of the standard.

11 Quality assurance system

A quality sydtem shall be applied by the supplier.
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Dimensions

Key

in

-+
—

(¢

@a

o]
—_—

tersecting point of the R13 and R80 radii (60E1 section)

cation at the centre of the tensile test piece

ea to be checked for microstructure

Figure 1 — Location of tensile test piece and microstructure checks

30

12

o

ol

450

Dimensions
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Figure 2 — Sampling positions in rail for total oxygen determination

in millimetres

in millimetres
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Dimensions in millimetres

o
A
Y
5
Key
1,2,3,and 4 | location of hardness testing (see Table 12)
o exact intersection points of the radii
Figure 3 — Hardness testing positions
]
—
(98]
~
N
|
Key

1 decarburization limits apply to this part of rail head

Figure 4 — Range of extent of rail head surface for decarburization checks
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Q‘Q b) All grades other than Grades HR200 and HR220

Key Qv
1 suface i

2 linrf%'&ontinuous ferrite network

NOTE1  Figure 5 a) shows decarburization to a depth of 0,28 mm.

NOTE 2  Figure 5 b) shows decarburization to a depth of 0,25 mm.

Figure 5 — Photomicrographs (100x) showing examples how to determine the depth of
decarburization allowed on the rail wear surface
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Dimensions in millimetres

30

A

Key
1 face to b¢ examined

Figure 6 — Non-metallic inclusions sampling position in rail head

- ﬁ )

Key

1 area to be tested

Figure 7 — Area to be tested in rail foot of 60E1 profile
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Dimensions in millimetres

[}
a
Key
A, B,C D flat bottom holes
1 2 mi diameter through hole
NOTE Flat bottomed holes are 2 mm in diameter and 15 mm deep.

Figure 8 — Location of artificial defects in rail head of 60E1 profile
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All dimensions in millimetres measured from the centreline

|
10110 (10|10 |JL0,

Key
1 centrelinje of web

NOTE1 Flgqt bottomed holes are 2 mm in diameter drilled through the centreline of the web.

NOTE 2  Flqt bottomed holes are allowed to be +1° from horizontal.

Figure 9 — Location of artificial defects in rail web of 60E1 profile

1

/

- b

Key

1 2 mm diameter through hole

Figure 10 — Location of artificial defect in rail foot of 60E1 profile
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Dimensions in millimetres

B=20 1
10 10
ol — A
'y} (
i
=
Li
|
] 2
ey
0
115 115

Key
rlotch machined into thi§ face

gection through rail head

Ietter “H” to be stanrped on end face of test piece as shown

Figure 11 — Location and dimensions of fatigue crack growth test pieces

© IS0 2016 - All rights reserved

29


https://standardsiso.com/api/?name=a9f20ef333282317da262f3457e8d938

IS0 5003:2016(E)

Dimensions in millimetres

centre dritt

26 mm radius shall run tangential with gauge diameter (datum dia “A”) without undercutting or leaving a
shoulder.

b General tolerance to be 0,2 mm unless otherwise stated.

=
E=)
b
» 112 =
—|1
36 ° 5 R 36" _
' o A
_I ~ . f
ERgns —] He 7=
= =
—
‘ ) 1.6 ‘
1
{U\o
; o]
b o A
<, <
X 12.25
12.00 50 P
Key
+ intersectjng point of th€)R¥3 and R80 radii (60 E1 section)
o location pf the centre of the test piece
1  screw threads {both ends) to be concentric with @ A within 0,005 mm
2 cylindricplwithin 0,005 mm
3 ;
a

c Specimen to be identified on each end.

NOTE Different forms of screw threads (without threaded heads of test pieces) may also be used.

Figure 12 — Specimen for determining fatigue initiation life
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Dimensions in millimetres

Figure 13 — Whole rail twist

Key
dross-sectioh 1 m away from the rail end
dauge

dross*section at the rail end

Dimension|in millimetres

Foot width Distance between contactsa
b c
b <130 90
130<bh <150 110
b=>130 130
a Diameter of contact surfaces: 20 mm.
NOTE The relative twist between the cross-sections at the rail ends, and the cross-sections 1 m away from

each end should be measured with a specific gauge (1 m long) on each rail end, using points on the under surface

of the foot as measuring references, as explained above.

Figure 14 — Rail end twist
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Figure 15 — Design of letters and numbers on a 10° angle for.rail stamps
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Annex A
(normative)

Steel grades

The applicable steel grades are given in Table A.1. The hardness ranges of the steel grades shall conform
to those given in Table A.1.

Table A.1 — Steel grades

Hardness range

b oM
Steel gradea (HBW) Description
Non-dlloy (C-Mn)
HR200 200-240
Nen-heat-treated
Non-alloy (C-Mn)
HR220 220-260
Non-heat-treated
Non-alloy (C-Mn)
HR235 235-275
Non-heat-treated
Non-alloy (C-Mn)
HR260A 260-300
Non-heat-treated
Non-alloy (C-Mn)
HR260B 260-300

Non-heat-treated

Micro-alloy
HR280 280-320 (0,08 %V)
Non-heat-treated

Non-alloy (C-Mn)

HR310A 310-350
Non-heat-treated
Alloy (0,35 %Cr)
HR310B 310-350
Non-heat-treated
Alloy (1 %Cr)
HR320 320-360
Non-heat-treated
Alloy (0,55 %Cr)
HR325 325-365
Non-heat-treated
Non-alloy (C-Mn)
HT320 320-375
Heat-treated
Non-alloy (C-Mn)
HT330 330-390

Heat-treated

Micro-alloy
HT340 340-400 (0,08 %V)
Heat-treated

a  See Tables 6, 7 and 8 for chemical composition.

b See Tables 10 and 11 for mechanical properties.
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Table A.1 (continued)
Steel gradeab Hardness range Description
(HBW)
Non-alloy (C-Mn)
HT350A 350-390
Heat-treated
Non-alloy (C-Mn)
HT350B 350-390
Heat-treated
Non-alloy (C-Mn)
HT370A 370-410 o
Alloy (C-Mn)
HT370B 370-410
Heat-treated
Alloy (C-Mn)
HT370C 370-410
Heat-treated
Non-allgy-(€-Mn)
HT400 400-440
Heat-treated
a  See Tables 6,7 and 8 for chemical composition.
b See Tables 10 and 11 for mechanical properties.
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Method for determination of tensile strength and elongation for
as-rolled rails by a correlation

B.1 |Procedure

Predigtive equations relating chemical composition to tensile strength and elongatjon shall be
calculated using multiple regression analysis for all “non-heat-treated” rails produced. The following
procedure shall be carried out:

— development of a predictive equation;
— cpnfirmation of the predictive equation;
— periodic updating of the predictive equation;

— cprrective action.

B.2 |Method

Manuffacturers shall calculate, using multiple regression analysis for all naturally hard|steel grades
prodyced, predictive equations relating chemical composition to tensile strength and elofgation. Each

manuffacturer shall derive its own predictivé.equations.
The :Iredictive equations shall be produced from a minimum number of 100 heats.

The gquations shall be created by.carrying out one valid tensile test per heat. Tensile tlests shall be
carrigd out in accordance with 5:5-and 7.3.

The predictive equations, shall produce results which are within a scatter band govdrned by the
following limits:

— té¢nsile strengthi™~12,5 MPa (1 standard deviation);

|
o

ongation: 1,0 % (1 standard deviation).

B.3 |[Confirmation of the predictive equation

The results of the predictive equations shall be compared with experimentally determined tensile
strength and elongation results as described in 5.5 and 7.3. This comparison will be achieved by
carrying out one valid tensile test every 2 000 tons.

The one standard deviation of the experimental results compared with the results obtained from the
predictive equations shall be 12,5 MPa for the tensile strength and 1,0 % for the elongation.

B.4 Periodic updating of the predictive equation

The results of the experimental tensile strength and elongation tests shall be used to update the

predictive equations. These results shall be accumulated and the equations updated annually. The
updated equations shall be based on a minimum of the last 100 results.
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B.5 Corrective action

If results from the predictive equations are outside the limits set in 7.3, then the following actions
shall be taken.

a) Manufacturer carries out an investigation.
b) Manufacturer resolves the problem by taking appropriate corrective action.
c) Manufacturer reports its findings on actions a) and b).

If the results of an investigation or the predictive equation indicate that certain rails are out of
specification, Then acceptance of sSuch ratisshatl be based om experimental tenstie tTestresuits.
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Annex C
(normative)

Microscopic examination of rail steels using standard diagrams to

assess the content of non-metallic inclusions

C.1 |General

C.1.1] Degree of purity

The degree of purity (index K3) is a value indicating the content of non-metalli¢c-inclusion
of oxide inclusions in the product. The K3 index is a value indicating the coritent of such

determination of the percentage area of non-metallic inclusions in the structure, i.e. the g
by counting inclusions weighted according to their area, starting from’a specified siz¢

upwa
C.1.2

The s
geom
the in
diffen

type
C.2

In po
parti

surfa
then j

C3

C.3.1

Diagn
shape

ds, and referred to an area of 1 000 mm?2.

Standard Diagram Plate No. 1

tandard Diagram Plate No. 1 is a set of diagrams ¢onstructed line by line on the
btrical series for the area of non-metallic inclusionsycontaining forms of inclusion typ

ing in length x width or frequency are shownton the same line next to the basic col
finclusion.
Preparation of specimens

ishing the specimens, the inclusions shall not be torn out or be changed in their
les of grinding or polishing\agent shall be pressed into the polished surface. If n
ce of the section has to be‘hardened. For this reason, the specimens are to be carefull
bolished for the shortestperiod of time as possible.

Structure and’use of standard Diagram Plate No. 1

Use of Diagram Plate No. 1

am Plate No. 1 (Figure C.1) includes three basic columns giving the most commo
s ofinclusions designated by numbers 3, 6 and 8, each consisting of nine diagrams w

s in the form
xides by the
um obtained
of inclusion

basis of a 2n
ical for steel,

clusion area doubling from one diagram to the*next in each column. Inclusions of equal area but

imn for each

form and no
bcessary, the
y ground and

hly observed
ith inclusion

rating

y numbers 0 to 8 The magnification to he nsed with the diagrams in Figure C.1 is 10(

:1.

NOTE

The diameters of the circles in Figure C.1 corresponds to 0,8 mm on the sample surface.

The following types of inclusion are distinguished:

Inclusion type OA:
Inclusion type OS:

Inclusion type OG:

The d

oxide inclusions of fragmented type (aluminium oxides);
oxide inclusions of elongated type (silicates);
oxide inclusions of globular type.

erived columns 2,4, 5, 7 and 9 are described in C.3.2 and C.3.3.

The nine diagrams of a column with the rating numbers 0 to 8 show under rating number 0 the smallest
microscopic inclusion that can be evaluated at a magnification of 100:1, and under rating number 8 in
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some cases inclusions that are already in the macroscopic range for the type of inclusion concerned.
The area of the inclusions shown doubles from one diagram to the next, forming a 2n geometric series
where n is the rating number.

The length of the inclusion to be considered increases from diagram to diagram by a factor of 1,5 with
a simultaneous increase in the average inclusion width, thus conforming to the basic formula for the
increase in area of the inclusions. The length, and in column 6 also the width, are marked in Figure C.1
in order to facilitate measurement. By the same width, the length of an oxide inclusion in case of OA
inclusions is greater than the length of an inclusion in case of OS inclusions; otherwise the area would
be different, for a given rating number.

Rating numher 9 is reserved for macroscopic inclusions, which are not shown in diagrammatic form,
because theyf would extend beyond the limits of the image field.

C.3.2 Ratipg a single inclusion

If, in the case of a single inclusion, for the same length, the width is only half that(in-the equiyalent
diagram of cplumn 3 or 6, the area of the inclusion is also halved so that the rating nwmber is therefore
reduced by [L. This is represented by columns 2 and 5, each on the left of a basic column. Similar
considerations apply for the evaluation of thicker inclusions with twice the‘area. In such cases, the
rating number is to be increased by 1.

C.3.3 Ratipg of very small inclusions

If other non-metallic inclusions up to two rating numbers sfaller are visible in the field pnder
observation,|the area of the inclusions within the circular_sub-field again increases and the rating
number is infreased by 1 as in columns 4 and 7, on the right 6fbasic columns.

C.4 Test procedure

C.4.1 Maghification

The polished surface of the specimens shall be observed using a microscope with a magnificatjon of
100:1. See Figure C.1.

pure C.1
C.4.2 Seleftion of inclusions
For rating ndn-metallic inclusions in a field under observation it is necessary to determine the diggram

in Figure C.1|corresponding to'that observed. Only the inclusions with rating numbers equal or greater
than 3 shall e considered:

C.4.3 Ratipg of inclusions extending the diameter of observation

For an evaluption on the basis of Figure C.1 (Diagram Plate No. 1), it is particularly important t
that for ratingfrumbers-6;7and-8-ofeolamns o-6-there-are-somefieldsinwhich sthotts
metallic inclusion to be considered extends beyond the diameter of the circular field to a certain extent.
Non-metallic inclusions observed in such cases are to be rated on the basis of the inclusion length given
below each diagram. Each larger inclusion (of the same or of greater thickness) than those shown has to
be classified under rating number 9.

C.4.4 Rating of inclusions of different types and shapes

If inclusions of different types and shapes, as shown in the series of diagrams, can be clearly
distinguished from each other within one field under observation, these shall be treated as though they
had occurred separately in different fields.
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C.4.5 Rating of continuous and isolated inclusions

Inclusions of types OS and, at a lower degree of fragmentation, OA, lying one behind another on one line
shall be regarded as continuous if the distance between two inclusions is less than the length of the
smaller of the two inclusions. Isolated point-shaped inclusions are not to be taken into account when
determining the total length.

C.4.6 Areato be examined

The complete area (200 mm2) of the polished surface of the specimens shall be examined.

C.5 |Evaluation

C.5.1] General

C.5.1]1 Designation of inclusions

The mon-metallic inclusions observed shall be designated (in the .Sequence indicated below and
separpted from each other by a point) in each case with the number 6f the diagram colunin concerned
(typeland shape of inclusion) and with the rating number as in Figure C.1, determined ih accordance
with the procedure described in C.3 and C.4, e.g. 5.3, 6.5.

[t is npt permitted to give fractions to indicate the inclusiontating (e.g. 2,5, 4 1/2).

C.5.1f2 Templates for documentation

Printed forms should preferably be used for recording the test results and their evaluption (e.g. as
showh in Table C.2).

C.5.2| Method of evaluation

The pplished section to be evaluated shall be 200 mm?2.

C.5.3| Calculation procedure for evaluation using method K

The calculation procedurefor obtaining the total index s, for simplicity, based on the methodl of assigning
the fdctor 1 to the mostfrequently determined rating number 4. The factors obtained on the basis of
the 29-4 geometric sefies for the other rating numbers are to be rounded so that, in the dalculation, it
is only necessary tg9'double or halve the numbers. The resulting deviation in the calculatign lies within
the dispersion arising from the fact that non-metallic inclusions are not uniformly distributed in steel.
With this procedure, the larger inclusions are more accurately evaluated.

Table|C.14gives the factors to be used in the calculations.

For catcutatiomrof thetotatindices the procedure tsas foltows{seeatsoexamptes giverrin Table C.2):
the number of non-metallic inclusions of each inclusion type (0OA, OS, OG) and each rating number
observed shall be multiplied by the appropriate factor (fg, see Table C.1) and the products added. The
“first subtotals“ obtained in this manner for each individual polished section are then to be added for
the two specimens of the heat, thus producing a “second subtotal“ (in mm2) for this heat. This result is
then to be converted to a section area of 1 000 mm?, using Formula (C.1):

K3 =SST *1 000/ TA (C.1)

where

K3 isthe total index of purity;
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SST is the second subtotal (in mm?2);

TA is the total area of the polished sections of specimens (in mm?2).
The value obtained shall be rounded to integers.
This total index K3 represents the degree of purity of the heat examined.

Table C.2 gives an example of evaluation including a complete description of the evaluation conditions.

Table C.1 — Values of factor fg to be used for the evaluation using method K

Rating numbg¢r (n) 0 1 2 3 4 5 6 7 8 (9)b
Factor F = 2n-f 1/16 | 1/8 | 1/4 | 12 1 2 4 8 16 32
Factor fga to Be used for the 0,05 01 0,2 0,5 1 2 5 10 50 50
evaluation

a  g=roundefd.

b See C.4.3.

Table C.2 — Example of evaluation using method K3,
as described in C.5.3

Number of inclusions classifiedby rating number
o |1 ]z2|3|a|s]e6]|7]8]o0
Factor‘E= 2n-4
Area of Types of
polished |inclusionasin | 1/16 | 1/8 | 1/4 | 1/2 | 1 | 2 | 4 | 8 | 16 | 32
. pection Dlagram Plate Factor fg2 to-be used for the evaluation MultlpllFatlon
Specimen | epaluated | No.1 (Figure and figst
No. [mm?2] C1) 005011025 1 2 5 10 | 20 | 50 subtotal
OA
1 200 0S 2 1
0G
OA
2 200 oS
0G 1 1 1,5
Total 400 Second.subtotal: 2,5
Totalindex K3 (rounded value = 6)a: 6

a2 TA =400 mm? for the'twwo samples per heat.
2,5x1000/400 = 6,25
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Oxides, fragmented form (aluminium oxides)

Oxides, elongated form (silicates)
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Figure C.1 — Diagram Plate No. 1: Diagrams for examining rail steels for non-metallic inclusions

Diagrpm Plate No.A(Figure C.1) shows the diagrams on a reduced scale of about one third|of that of the
original full-scale-diagram plate. It can therefore only give an approximate indication of the original

full-s¢ale diagtam plate.

For propér\evaluation, the full-scale diagram plate should be used. This can be obtained from Beuth

Verlag GmbH, D-10772 Berlin.

© ISO 2016 - All rights reserved

41


https://standardsiso.com/api/?name=a9f20ef333282317da262f3457e8d938

IS0 5003:2016(E)

Annex D
(informative)

Rail profile

Rail profile 60E1 in the European Standard EN 13674-1:2011 is given for the purpose of positioning
artificial defects of rail head, web and foot for ultrasonic testing.
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Figure D.1 — Rail profile 60E1
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Annex E
(normative)

Method for the determination of rail foot surface longitudinal

E.1

Residpal stresses shall be estimated by first attaching an electrical strain gauge on the’rail

The s

strains shall then be used to estimate the stresses which have been relieved while the orig
stresges are taken to be those values but with a change of sign.

E.2

Electrical strain gauges of the encapsulated type shall be used;y3 mm in length with a
accurpcy of better than +1 %.

The s

at thd positions as shown in Figure E.1. The surface.of¢the rail foot shall be prepared ai
gaugd shall be attached, in accordance with the recommendations of the strain gauge man

Any s
Thes

residual stresses

Procedure

irface to which the gauge is attached shall be progressively isolated from the rail an

Strain gauges and their location

frain gauge shall be attached to the surface of the rail.foot in order to measure longit

urface preparation shall not result in a change of the residual stresses in the rail foot

rain gauge should be located at the centré of the 1 m length of the sample rail set aside

foot surface.
1 the relaxed
inal residual

gauge factor

udinal strain
hd the strain
Lfacturer.

for this work.

Readings shall be taken from the strain gauges. While cooling the rail to maintain a constant

temp

length (Figure E.2). A second seteofreadings from the strain gauges shall be taken after th

The residual stresses shall be)calculated from the differences between the first set bg
second set of readings aftér rélieving the strains by multiplying by 2,07 x 105 MPa.

brature, two saw cuts shall be nmiade to remove a 20 mm thick slice from the cent

re of the rail
b second cut.

fore and the
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Figure E.1 — Location of strain gauge to measure rail foot surface longitudinal residual stresses
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500

500

Figure E.2 — Slice removed from the rail
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Annex F
(normative)

Standard test method for the determination of the plane strain

fracture toughness (Kjc) of rails

F.1 Testmethods

This test shpll be performed in accordance with the requirements of ASTM E399 except ¥
superseded by the requirements specified in this International Standard. The requirements spe
in this anney apply only to the determination of plane strain fracture toughness of railway rail
covered by the definitions and requirements of this International Standard.

F2 Test pieces
F2.1 The lpcation of the test piece in the rail’s transverse section is shewn in Figure E.1.

F.2.2 The thickness “B” of all test pieces shall be 25 mm. For any-rail head transverse profile, th
piece width ‘{W” shall be the maximum achievable of the followitig dimensions:

— 40 mm;
— 45 mm;

— 50 mm.

F.3 Test donditions

NOTE Itis recommended that the chleviron notch in ASTM E399 is used to avoid crack front curvature pro

F.3.1 Fatigpe pre-cracking shall be carried out in the temperature range between +15 °C to +
using a stress ratio in the range between 0 and +0,1. Fatigue pre-cracking shall be carried out at a
frequency infthe range between 15 Hz and 120 Hz. The final crack length to test piece width ratio s}
in the range hetween 0,45to 0,55 and during the last 1,25 mm of crack growth K4y, shall be in the
between 18 MPa m1/2and 22 MPa m1/2.

F.3.2 The dingle edge notched bend test piece shall be loaded under displacement control using

where
cified
Steels

e test

blems.

D5 °C,
cyclic
all be
range

three-

point bendin

F3.3 Tests shall be performed at a test temperature of -20 °C *2 °C. Test piece temperature shall be
measured using a beadless thermocouple, spot-welded to the test piece at the location shown in Figure E2.

F.4 Analysis of test data

F4.1 The calculation of Kq shall be in accordance with ASTM E399. The checks made to establish

whether this value is a valid Kj. shall be in accordance with ASTM E399 except for the requireme
F4.2 to E4.6.

nts of
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F4.2  Ppax/Pq shall be less than 1,10 for force-crack mouth opening curves where pop-in does not
occur before the intersection of the curve with the 95 % secant. There shall be no Pmax/Pq criterion for
other types of curve.

F.4.3 The linearity of force-crack mouth opening curves Ia, Ib, Ila and III (see Figure E3) shall be
checked in the following manner:

— measure the distance (v1) between the tangent OA and the force-crack mouth opening curve at a
constant force of 0,8Pq;

— measure the distance (v) between the tangent OA and the force-crack mouth opening curve at a

'l L. D
cpomstanttorceof Q-

For a kest result to be valid, v1 < 0,25v.

F.4.4| The linearity of force-crack mouth opening curves IIb and Iic (see Figur€ E3) shall e checked in
the following manner:

— npeasure the distance between the tangent OA and the force-crack mouth opening curye at constant
forces of 0,8Pq and Pq, recording these values as v1* and v*, respéctively;

— mpeasure the crack mouth opening values arising from all “pop-ixis” that occur up to Pq. This is done by

—+ measuring the horizontal distance travelled along the crack mouth opening axis|between the
start and finish of each “pop-in”, and

—+ sum the values for “pop-ins” occurring below:0,8Pq and for those occurring between 0,8Pq and
Pq, recording them as Zv1p; and Zvpj, respeetively.

For a test result to be valid, [v1* - Zvipi] < 0,25 [~ (Zvpi + Zvipi)].
F.4.5| The linearity criterion cannot be applied to force-crack mouth opening curve IV.

F.4.6 | Forall force-crack mouth opening curves, the K value shall be subjected to the validjty check that
the test piece thickness (B) and erack length (a) are equal to, or greater than, the value of 2,3 (Kq/Rpo,2)%,
wher¢ Rpo2 is 0,2 % proof stress-at the fracture test temperature of -20 °C.

F.5 |Reporting ofresults

All measurements/required to calculate the test result and to show that the test conditjions were as
specified in the-test procedure shall be recorded.

All repultsshall be reported as either Kj¢c values K*q values or K values; where K*( values|are those Kq
valuep which failed the validity criteria due only to one or more of the following:

a) Pmax/PQ > 1,1,
b) exceedance of the 2,5 (Kq /Rpo,2)? criterion;

c) crack mouth opening displacement-force relationship.
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The mean and standard deviation of both Kjc and K*q results shall be recorded. For each grade of rail
tested, these results shall be included in a table with the following information.

Steel 0,2 % proof Mean K¢
Grade Strength (MPaml/2)
at-20°C
(MPa)

Number of
Kic results

Sample
standard
deviation

(MPa m1/2)

Mean Kq
(MPam1/2)

Number of
Kq results

Sample
standard
deviation

(MPam1/2)

The value to be used for the acceptance criteria is that of the mean Kjc and shall be based on a minimum
of five Kic values

When five K] values have not been obtained, any K*q values shall be included with any Kj¢'valfes in
the mean value to be used for the acceptance criteria. In this event, the number of test fgsultg shall

be at least 10.

All values of Kjc and K*( shall be above the minimum value specified in Table 14.

Key

1

/|

Dimensions in millimetres

=25 mm
See E2.2.

S ®mw N R

NOTE

48

notch mathimed-imthisface

section through rail head

Figure F.1 — Location and section of fracture toughness test pieces

letter “H” to be stamped on end face of test piece as shown

For all other test piece proportions, see ASTM E399.
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Dimensions in millimetres

NV

Key
1 nptch

2 thermocouple to be placed in the shaded zone

3 fatigue crack tip

Figure F.2 — Location of thermocouple on fracture toughness specimens
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Dimensions in millimetres
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1
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3
0
2
Key
1 force, P

2 crack mouth opening displacement (v)

Figure F.3 — Force — Crack mouth opening curves
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Annex G
(normative)

Profile and drilling gauges

The gauges for manufacture are shown in the figures which are summarized in Table G.1.

Table G.1 — Summary of figures

Figure G.1 Datum references for tolerances
Figure G.2 Datum references for decision
Figure G.3 Height of rail

Figure G.4 Width or rail head

Figure G. Crown profile

Figure G.6 and G.7 Asymmetry

Figure G.8 Fishing height HF

Figure G.9 Web thickness

Figure G.10 Width of rail foot

Figure G.11 Feottoe thickness

Figure G.12 and G.13 Drilling gauges
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Figure G.1 — Datum references for tolerances (see Table 2)
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Datum Reference Figure
nymber

0 height: -mustnot + must pass Figure G.3

0 crown profile: - must + must not pass the Figure G.5

wedge

1 width of rail head: -mustnot + musttouch Figure G4

2 rail asymmettr'y: -mustnot + musttouch Figure G.6
Figure G.7

4,5 height of fish plating: - must + must not touch Figure G.8

5 web thickness: -mustnot + must pass Figure G.9

3,6 foot toe thickness must touch foot must be into the + range Figure G.11

edge
6 width of rail foot: -mustnot + mustpass Figure G.10

Figure G.2 — Datum references for decision
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L

Figure G.3 — Height of rail

Figure G.4 — Width of rail head
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Key

1  mjaximum width of rail head tolerance

2 theoretical profile

3 s}ep galige to check the table shape, 10 mm thickness

Figure G.5 — Crown profile
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56

Figure G.6 — Rail asymmetry
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Dimensions in millimetres
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Key
1land 2 marls engraved 14 mm apart to indicate measuring point
h3 = thdoretical

Figure G.8 — Fishing height

Figure G.9 — Web thickness
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N\

Figure G.10 — Width of rail foot
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Figure G.11 — Foot toe thickness
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Key
WT web thickness

Figure G.12 — Gaugéfor checking distance between holes and rail end and hole diameter
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2WF /6

2WF /3

WF

Key
WF width of foot

WT web thickness

Z  distance between centre of the hole and base of the rail

Figure G.13 — Gauge for checking distance between holes and base of rail
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Annex H
(normative)

Standard diagrams for the check of the macrostructure of rails in
accordance with ISO 4969

According to Figure H.1, the areas of cross-section are defined as head, web, and base. Schematic
descrjptions of some rejectable conditions are depicted in Figure H.2 through Figure H.1l1. Rejectable
conditions are presented in Table H.1.

Table H.1 — Rejectable conditions for the macrographs

Figure number Rejectable condition
Figurps H.2 and H.3 Hydrogen flakes
Figurps H.4 and H.5 Pipe; any size
Figurps H.6 and H.7 Central web streaking extending inte-the head or base
Figurps H.8 and H.9 Streaking greater than 64mm in length
Figurp H.10 Scattered central web streakingfrom the web into the head and base
Figurp H.11 Scattered segregation extending more than 25 mm into the head|or base
Figurp H.12 Subsurface porosity

Figurp H.13 Inverse or negative'segregation having a width greater than 6 min
and extending mere than 13 mm into the head or base

Figurp H.14 Streaking greater than 3 mm in the head from radial streaks, radjial cracks,
halfway eraeks, or hinged cracks

Figurp H.15 Other.defects that could cause premature failure (i.e. slag, refracfory, etc.)
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WEB

( BASE

Figure H:1-— Definition of rail cross-sectional areas for macroetch evaluation

64 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=a9f20ef333282317da262f3457e8d938

ISO 5003:2016(E)

Figure H.2 — Hydrogen flakes

© ISO 2016 - All rights reserved

65


https://standardsiso.com/api/?name=a9f20ef333282317da262f3457e8d938

IS0 5003:2016(E)

Figure H.3 — Hydrogen flakes
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?\
éO Figure H.4 — Pipe — Any size

© ISO 2016 - All rights reserved

67


https://standardsiso.com/api/?name=a9f20ef333282317da262f3457e8d938

68

IS0 5003:2016(E)

|

I
2

Figure H.5 — Pipe — Any size
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?\

Clj'gure H.7 — Central web streaking extending into the head or base
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&v Figure H.8 — Streaking, >63 mm in length
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Figure H.9 — Streaking, >63 mm in length
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Figure H.11 — Scattered segregation extending more than 25 mm
into the head or base
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