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FOREWORD

On Indian Railways, Flash Butt (Electric Resistance)
Welding processes are presently in use for welding of rail joints.

The Flash Butt Welding Plants have to be produce good
quality welds. It is imperative to check suitability of rails to be
welded, Preparation of Rails to be welded and Procedure of
Welding of Rails to get good quality of weld, so more and more
attention is to be paid during process of welding.

This handbook is prepared by CAMTECH to elaborate the
general procedure of execution of welding and finishing of
welded joints. This will be a source of technical knowledge that
how welding is carried out on a flash butt welding plant.

[ hope that this handbook will be of significant help to
Civil Engineering personnel involved in above work in Railways.

CAMTECH/Gwalior (D.K.Gupta)
25 February, 2018 Joint Director/Civil
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PREFACE

There have been tremendous enhancements in traffic on
the Indian Railways, this trend will continue in future also. The
track length on Indian Railways has almost been converted in to
Long Welded Rails by joining of rails with welding.

Today’s the most common rail welding processes are
Flash-butt welding, Alumino Thermic welding and Gas Pressure
Welding. Among them Flash-Butt Welding is an electrical based
butt welding process in this a solid phase, forge weld is made.

It has been realized that adequate precautions and
preventive measures should be adopted during process of
welding. This handbook is prepared with the objective to provide
informative technical details for making flash-butt weld joint of
rails.

This handbook is not statutory and contents are only for
the purpose of knowledge dissemination. Most of the data &
information in some form or the other are based on literature
available, field survey and internet search. For more in-depth
information/knowledge, the relevant detailed literature available
on the subject may be referred to.

We welcome any suggestions from readers for further
improvement of this handbook.

CAMTECH/Gwalior (5.5.Pathak)
25 February, 2018 Senior Section Engineer/P.Way
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1.0

2.0

I1.
I1L.
IV.

VL

IR<=d/Introduction

Flash weldingis a type ofresistance welding that
does not use any filler metals. The pieces of metal to
be welded are set apart at a predetermined distance
based on material thickness, material composition,
and desired properties of the finished weld. Current
is applied to the metal, and the gap between the two
pieces creates resistance and produces the arc
required to melt the metal. Once the pieces of metal
reach the proper temperature, they are pressed
together, effectively forge welding them together.

<9 dl/Scope

The book gives details of the types and suitability of
rails to be welded by stationary Flash Butt Welding
Plant, Mobile Flash Butt Welding Plant.

Pre-welding inspection.

Preparation of rail ends before welding.

The general procedure of execution of welding and
finishing of welded joints.

It defines geometrical tolerances for the finished
joints and acceptance tests to ensure quality control.
Weld parameters for different rail sections/chemistry
have been prescribed by manufacturers and are
unique to the particular welding plants. These shall be
approved by RDSO. Should any change in these
parameters be considered necessary, the same shall
be got approved by RDSO.

Flash Butt Welding of Rails February - 2019
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VII.

3.0

3.1

3.2

3.3

All welding shall be carried out on a flash butt
welding plant using automatic, programmed welding
sequence.

des T S arely ¥ &1 TIT/Selection of Rails
to be Welded

Section of Rails - Capacity of the individual plant will
determine the heaviest section and type of rail that
can be welded. New as well as released but
serviceable rails of same type (section and
metallurgy) shall only be welded together.

Welding of rails of different sections metallurgy shall
not be attempted. It is preferable that rails rolled by
the same manufacturers are welded together.
Minimum length of old but serviceable rails for
welding shall be 6 meters.

Welding of Old Rails - While welding old rails, it
shall be ensured that only serviceable rails are
welded. Old rails to be welded shall preferably be
match marked before releasing from track to achieve
maximum uniformity of profiles in weld zone.

Fish-bolt Holes - Welded panels (10/20 rails) for
laying long welded rails shall, as far as possible, be
without fish-bolt holes. If drilling of fish-bolt hole is
necessitated for the purpose of handling during end
unloading; only the second fish-bolt hole (one away
from the rail end) need be drilled. In case, welding of

Flash Butt Welding of Rails February - 2019
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3.3.1

3.4

4.0

4.1

4.1.1

4.1.2

new rails with fish-bolt holes cannot be avoided, it
shall be ensured that the outer edge of the hole
nearest to the rail end is at least 40 mm away from
the end to be welded to avoid the heat affected zone
of the weld extending up to the edge of the hole.

All fish-bolt holes shall be chamfered before welding.

Ends of old rail with fish-bolt holes/bond wire
holes shall be cropped by a minimum length of
450mm before welding.

Ultrasonic Testing of Rails to be welded - New and
old but serviceable rails shall be free from internal
defects. In the case of new rails, the ultrasonic testing
is required to be done at the rail manufacturer’s
premises. Old but serviceable rails shall invariably be
tested ultrasonically before they are taken to Flash
Butt Welding Plants.

afessr & fav Y@ A 39YFAdI/Suitability of Rails
for Welding

Old Rails

Defective rails - Rails having cracks or other defects
such as heavy corrosion pits or which are worn by
more than 2Zmm depth at rail seat shall not be welded.

Permissible vertical wear of rails to be welded -
The vertical wear in old rails to be welded (measured
as per Para 302 (b) (iii) of Indian Railways

Flash Butt Welding of Rails February - 2019
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Permanent Way Manual) shall be within the limits
specified below:-

Rail Standard Height | Minimum Height
Section of New Rail of Worn Rail
60kg 172.00 mm 164 mm
52 kg 156.00 mm 150 mm

4.1.3

Permissible lateral wear of rails to be welded -
Old rails to be welded shall preferably show similar
pattern of side wear and the minimum width of rail
head shall be as specified below:-

Rail Standard width of | Minimum width of
Section | Head of new rail Head of old rail

60kg 72.00 mm 66 mm

52 kg 67.00 mm 61 mm

4.1.4

4.2

Flash Butt Welding of Rails

Rails with cyclic wear shall not be welded.
Difference in Height of Rail Ends to be welded

The individual rail ends for new rails may have a
maximum difference in height of 1.2 mm at the
welded joints. Rails manufactured by SAIL with
dispensations (Having letter ‘D’ in the rolling mark),
may have a maximum difference in height of 1.5mm.
The difference in height shall be transposed to the
foot of the rail.

February - 2019
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4.3

Difference in Width of Rail Heads to be welded

4.3.1 The difference in the width of rail heads of two rails

4.3.2

4.3.3

to be welded shall not exceed 1.0 mm for new and 2.0
mm for old rails. New rails manufactured by SAIL
with dispensations (having letter ‘D’ in the rolling
mark) may have a maximum difference of 1.5 mm in
the width of rail heads.

For new rails, it is preferable to restrict the difference
in width of rail heads to 0.5 mm by marking deviation
on the rail head so that rails with same or minimum
relative deviations are selected for welding

Any difference in the widths of rail heads at the
welded ends, in case of both new and old rails, as a
result of rolling tolerances in case of new rail and
wear in case of old rails, the rail ends shall be aligned
in accordance with 3.3.3 and 3.3.4 below.

In case of welding in depot, where it is not possible to
determine the gauge face side exactly when laid in
track, during setting up of rails, any difference in the
width of rail heads at welded ends shall be transposed
to one side of the head keeping the other side
perfectly aligned. The aligned side of such welded
panels shall be distinctly marked with green paint on
the web at both ends of the panel. To facilitate pairing
of panels, aligning on operator side as well as non-
operator side may be resorted to. Resulting step on
non gauge face side after welding shall be ground out
to slope not steeper than 1:500.

Flash Butt Welding of Rails February - 2019
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4.3.4 In case of in-situ welding and in case where it is
possible to exactly determine gauge face when laid in
track, the rail ends shall be perfectly aligned to gauge
face. Any step as a result of unequal head width due to
rolling tolerances shall be ground out to slope not
steeper than 1:500.

4.4 Rail End Geometry

Rail ends to be welded shall meet following
geometrical standards: -

(a) End-bends in the vertical plane not greater than 0.7
mm on a 1.5 metre straight edge 3.4 (a). Sagging ends
not permitted.

(b) End-bends in the horizontal plane not greater than
+0.7 mm on a 1.5 metre straight edge [Figs. 3.4 (b)
and (c)].

(c) Deviation of the end from the square not greater than
+0.6 mm [Fig. 3.4 (d)].

Flash Butt Welding of Rails February - 2019
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4.5

4.5.1

4.6

5.0

5.1

5.2

5.3

A thorough inspection shall be carried out at the
plants with a view to avoid welding of rails with
visible surface defects such as rolling/guide marks,
wheel burns etc.

Rail should also be inspected to ensure that there is
no chisel mark or dent of any type on bottom flange of
the rail as this constitutes the tension zone.

The rails rejected due to non-compliance of the
requirements of Para 3.1 to 3.5 shall not be welded.
Such rails shall be marked and stacked separately for
other uses.

des fFU F arar ¥ Hr A/ Preparation of
Rails to be welded

Pre-Straightening of Rails - Rails not meeting the
geometrical standards are to be rectified before
welding using a pre-straightening machine so as to
conform to the standards.

In order to minimize the difference in head width of
rail ends to be welded, actual head width of rails shall
be checked using template. The deviations shall be
marked on the rail head so that rails with same or
minimum relative deviations are selected for welding.

Ends Cleaning - Before welding, end faces of the
rails to be welded and electrode contact locations
shall be thoroughly cleaned of loose scales, rust, paint

Flash Butt Welding of Rails February - 2019
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6.0

6.1

etc. by brushing and shot blasting/grinding to bare
metal finish for good electrical contact to avoid
arcing at the contact points on the rail and to
eliminate the possibility of rail failure near joint due
to Copper penetration and formation of brittle
martensite structure. Cleaning of rail bottom shall be
ensured by placing a mirror and watching the cleaned
surface. The electrode contact locations should be
marked with chalk on each rail end to be welded to
serve as guidance for cleaning. Oil and grease, if
present, shall be removed by Carbon Tetrachloride or
Benzene. If any internal defect such as piping is
noticed during end cleaning, the rail shall not be
welded.

Tt #r afesar v 9fFar/Procedure of Welding of
Rails

Electrical Contact - The electrical contacts, i.e.
Copper / Melloroy electrode in the welding machine
must be cleaned by compressed air pistol to ensure
freedom from loose oxides and other foreign matter
so that no arcing takes place at the contact points on
the rail and to eliminate the possibility of rail failure
near joint due to Copper penetration and formation
of brittle martensite structure. The electrodes must
be replaced and machined whenever surface
depressions exceeding 1mm in depth are formed due
to wear. For this purpose, adequate spare electrodes
should be kept in the plant.

Flash Butt Welding of Rails February - 2019



CAMTECH/2019/C/FBWR/1.0 11

6.2
6.2.1

6.2.2

6.3

6.3.1

6.3.2

Rail Alignment

The running surfaces of rails at interface shall be
aligned carefully to avoid any ‘step’ defect generally
keeping gauge face corner as reference line.

For the reason of asymmetry, rails should preferably
be welded with brand marks on same side.

Welding Sequence - The Stationary Flash-butt
Welding Plants adopt following welding sequence:-

- Aligning (along with de-twisting, if possible).

- Initial burn off.

- Preheating.

- Flashing.

- Forging (upsetting).

- Stripping.

The mobile flash butt welders, however, give
continuous flashing instead of initial burn off,
preheating and flashing cycles separately.

Air pressure and voltage/current recommended by
the manufacturer must be ensured throughout the
welding cycle.

Initial burn-off - Relevant to the specifications of
rail and welding machine, controls shall be adjusted
so that at the end of this phase weld interface has
good overall contact.

Preheating - The rail ends are brought into contact
to allow a low voltage high amperage current flow
which preheats the rail ends. Lower voltages are
preferred to minimise crater damage on the rail ends.

Flash Butt Welding of Rails February - 2019
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6.3.3

6.3.4

The movable rail is alternatively moved backward
and forward producing a series of electrical contacts
with the fixed rail end. The objective is to heat the rail
faces uniformly by flashes up to the red hot stage. The
rail ends are brought in and out of contact for certain
duration a number of times depending on the
specifications of the welding plant, the section and
the metallurgy of the rail. This pre-heating cycle is
executed in a fully controlled automatic mode once
the parameters are selected.

Flashing - Flashing consists of moving the rail in
continuous manner initially at a fixed speed but
during the last few seconds, at an accelerated rate.
The flashing speed is so arranged that the rail ends
burn-of f without short circuiting or giving rise to an
open circuit condition.

Forging (upsetting) - Immediately following
flashing, the pattern movement is accelerated so that
the rail ends are butted together to a stage of fusion
under a heavy butting force whose magnitude
depends on the make of the welding plant. The
welding current automatically gets cut off during the
later part of the forging operation. The joint should be
left undisturbed in clamped position for ten seconds
after the welding cycle.

6.3.4.1 The recommended butting pressure for different

types of rails is indicated below:-

- 72 UTS rails: - 5 kg/mm?2 on cross sectional area.

Flash Butt Welding of Rails February - 2019
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6.3.5

(i)

(ii)

- 90 UTS rails & Head Hardened rails: - 6 kg/mm?
on cross sectional areas.

- 110 UTS rails: - 7 kg/mm? on cross sectional
area.

The heaviest rail section which can be welded on
plant should be decided on this basis.

Welding of higher UTS and higher section rails on low
butting load plant by increasing the number of pre-
heats causes very pronounced heat affected zone
(HAZ) and is detrimental to the service life of the
joints.

Stripping

Automatic Stripper - A stripper, which may be
integral with the welding plant or installed either just
adjacent to welding machine or at 13/26 m distance
from it, shall strip the hot upset metal all round the
rail section in such a way that minimum grinding is
required to achieve final finished profile at weld.

Manual Removal of Upset Metal - Wherever
automatic stripper is not installed, manual chipping
using pneumatic chisel may be adopted.
Recommended width of flat chisel is 50mm for
removal of upset metal from junction of head & web
and web & foot of the rail, half round chisel should be
used. Care should be taken to ensure that chipping
does not create any notches or under -cutting.
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However, hot upset metal all round the rail shall be
stripped.

(iii) Maximum thickness of trimmed upset shall be in
accordance with item (v) of Annexure I Part A for
welds of new rails and item (v) of Annexure I Part B
for welds of old rails.

6.4 Post Weld Heat Treatment - 72 UTS and 90 UTS
rails do not require any special post weld heat
treatment. However, alloy steel rails of 110 UTS and
head hardened rails need post weld heat treatment to
ensure variation in hardness within acceptable limits
in heat affected zone. The rails being 60 Kg. Cr-Mn
alloy steel rails are required to be subjected to
controlled post weld cooling treatment, so as to avoid
formation of undesirable micro-structure and cracks
in weld and HAZ.

6.5 Weld Parameters - Welding parameters will depend
on section and metallurgy of rail to be welded. These
are normally specified by the manufacturer of the
welding plant. Before adoption, the welding
parameters shall be got approved from RDSO by
following procedure approval for Standardization of
Welding Parameters.

6.5.1 Procedure approval shall be carried out by RDSO for
each individual machine (no type approval) by
testing weld samples produced in accordance with
procedure enumerated below.

Flash Butt Welding of Rails February - 2019
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6.6

b)

7.0

7.1

Field approval of welding procedure - For mobile
flash butt welding plant having obtained procedure
approval, approval for field welding shall be granted
after execution of 30 welds on track (carried out in
two shifts), if they satisfy the weld acceptance criteria
defined below,

Visual Inspection - All welds and rails shall be
inspected visually for welding, trimming, clamping or
profile finish imperfections, such as tears, cavities,
cracks, damage and thermal damage, in particular, in
the electrical contact areas.

Dimensional check - Finished weld samples shall be
checked for weld geometry and shall conform to
tolerance laid down in Para 8 and Annexure-I

qRs&HTT/Finishing

The top, side and bottom surfaces of the rail head
shall be ground smooth so that the weld surface is
absolutely flush with the parent rail surfaces.
Particular care is necessary to ensure that finish
grinding does not burn or notch the rail surfaces.

After grinding, the top table and the sides of the rail
head shall comply with the geometrical standards
given in Annexure I.

Grinding shall be done preferably using a profile
grinding trolley, in the absence of which manual

Flash Butt Welding of Rails February - 2019
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7.2

7.3

8.0

W

grinding can be done using a cup grinder. Depending
upon whether it is done mechanically or manually,
grinding may be done in stages.

Areas to be ground smooth - Upper sides, under
surfaces and edges of rail foot shall be ground
smooth. The edges of foot should be rounded and
bottom of rail foot ground smooth without any minus
tolerances to avoid damage to elastic rail pads and
eliminate stress riser.

In case of in-situ welding with mobile flash butt
welding plant, profile grinding can be done in stages
i.e. initial grinding and final grinding. Final grinding
can be performed in track with rails fastened in
position over a minimum length of three sleepers on
either side of weld. Profile finishing of rail head shall
be carried out and contained in shortest possible
length but not greater than 400 mm on either side of
weld. Profile finishing should not cause any thermal
or mechanical damage to rail.

3ol #1 R&P1$/Record of Welds

Record of all the joints shall be maintained in a
register as per proforma as mentioned below.

Date of welding
Shift (day/night)
Joint No.

Length of rail

Flash Butt Welding of Rails February - 2019
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5. Section of rail

6. Welding current (primary, amps)

7. Primary voltage (volts)

8. Clamping pressure Kg/cm?2

9. Butting pressure Kg/cm?2

10. No. of pre-heats

11. Pre-heating time on................ . Offi
12. Burn off time (sec.)

13. Flashing time (sec.)

14. Post welding heat treatment if any

15. Whether automatic weld record chart available
16. Remarks (Any change of voltage during welding etc.)
17. Signature of welder

18. Signature of Foreman

The register shall be signed daily by the welder at the end of
the shift and shall be verified and countersigned by the
supervisor in-charge. For those welding plants which are
equipped with Automatic weld recorder, the chart of the
weld recorder shall be analysed every day with respect to
voltage, current, upsetting force and platen travel for each
weld.

Any parameter not conforming to the standard parameter
should be set right. The chart shall also be preserved in
addition to the register to facilitate investigations in case of
defective joint and joints failing in service.
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0]
(ii)
(iii)
(iv)
)

(vi)

ANNEXURE -1

Finishing Tolerances for Welds

Welds with new rails

Vertical misalignment: +0.3 mm to - 0.0 mm at the
centre of a 1 m straight edge.

Lateral misalignment: +0.3mm at the centre of a
1m straight edge.

Head finishing (in width): Side of rail head should
be finished to: + 0.25 mm on gauge side at the centre
of 10 cm straight edge.

Finishing of top table surface: + 0.2Zmm to - 0.0mm
at the centre of 10cm straight edge.

Web zone (under side of head, web, top of base,
both fillet each side): + 3.0 mm to - 0.0 mm of the
parent contour.

Upper sides, under surfaces and edges of rail foot
shall be ground smooth. The edges of foot should be
rounded and bottom of rail foot ground smooth
without any minus tolerances to ensure proper
seating on sleepers, unhindered movement of welded
panels on end unloading rakes, avoid damage to
elastic rail pads and eliminate stress riser.

NOTE: Tolerances for BSP rail rolled as per Explanatory Note
to IRST-12/2009 shall be as under:-

(a) Vertical misalignment: +0.4 mm to -0.0 mm at the
centre of 1m straight edge.
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(b) Lateral misalignment: +0.4 mm at the centre of 1m
straight edge.

B. Welds with old rails

(i) Vertical misalignment: +0.5mm at the centre of a
1m straight edge.

(ii) Lateral misalignment: +0.5 mm at the centre of a
1m straight edge.

(ili) Head finishing (on sides): +0.3 mm on the gauge
side at the centre of a 10 cm straight edge.

(iv) Head finishing (on top table surface): +0.2 mm on
the gauge side at the centre of a 10cm straight edge.

(v) Web zone (under side of head, web, top of base
and both fillets on each side): +3.0 mm to -0.0 mm
of parent contour.

(vi) Upper sides, under surfaces and edges of rail foot
shall be ground smooth. The edges of foot should be
rounded and bottom of rail foot ground smooth
without any minus tolerances to ensure proper
seating on sleepers, unhindered movement of welded
panels on end unloading rakes, avoid damage to
elastic rail pads and eliminate stress riser.

(vii) The above tolerances are finished tolerances of welds
inclusive of tolerances of rail.
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QUALITY POLICY

To develop safe, modern and cost effective Railway
technology complying with Statutory and Regulatory
requirements, through excellence in Research,
Designs & Standards and Continual improvements in
Quality Management System to cater to growing
demand of passenger and freight traffic on the
Railways.

BEFast/Disclaimer : The document prepared by CAMTECH is meant for

the dissemination of the knowledge/ information mentioned herein to the
field staff of Indian Railways. The contents of this handbook/booklet are only
for guidance and not statutory. Most of the data & information contained
herein in the form of numerical values are indicative and based on the
tests/trials conducted by various agencies generally believed to be reliable.
While reasonable care and effort has been taken to ensure that information
given is at the time believed to be fare and correct and opinion based
thereupon are reasonable. Due to very nature of research it can not be
represented that it is accurate or complete and it should not be relied upon
as such. The reader/user is supposed to refer the relevant codes/ manuals
available on the subject before actual implementation in the field.
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OUR OBJECTIVE

To upgrade Maintenance Technologies and
Methodologies and achieve improvement in
Productivity and Performance of all Railway assets
and manpower which inter-alia would cover
Reliability, Availability and Utilisation.

If you have any suggestion & any specific comments, please
write to us:

Contact person: Joint Director (Civil)

Postal Address: Centre for Advanced Maintenance
Technology, Maharajpur, Gwalior (M.P.)
Pin Code — 474 005

Phone : 0751 - 2470869

Fax : 0751 — 2470841

E-mail : dircivilcamtech@gmail.com
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