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Introduction

Introduction

Purpose

The purpose of this manual is to summarise the requirements of rail welding on the ARTC
network. It provides guidance to welders on a process that gives a weld quality with the same life
as new rail.

Scope

The manual summarises the key Aluminothermic weld quality steps that should be followed to
perform a quality weld that meets ARTC reliability and safety requirements. The manual
describes the post-weld geometry and visual weld check process that a welder should follow to
ensure that their weld meets standards.

Risks Controlled

This manual is a control for the risk of defective welds that can lead to rail breaks.

Responsibilities
The persons managing welders and NDT inspectors are responsible for the provision of this
manual to staff associated with rail welding

Parent Procedure
This manual supports the parent procedure:

1 Section 1 Rail

Reference Documents
The following documents support this manual:
I ETE-01-03 Non-Destructive Testing of Rail (for Internal and Surface Defects)
1 ETG-01-02 Management of Rail Defects

1 Relevant Supplier Manuals

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 07 May 20 Page 4 of 39
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Summary of Key Weld Quality Steps (Golden Rules)

Step Requirements

1. Weld Kit Correct weld kit selected for the hardness of rails to be welded.

Selection If the two rails to be welded are of dissimilar profile, then a junction weld
kit should be used.
If the difference in rail heights of the rail to be welded is >5mm then an
appropriate step weld kit should be used.

2. Rail End Rails cut vertically and horizontally square to within £ 2mm.

Squareness

3. Rail Weld Set the correctrailweld gap,as per s up p/farthe rédilsypema
Gap and weld process in use.

Fasten rail after weld gap is set to prevent movement (scribe mark the
parent rail where the rail fasteners closest to the weld gap were placed,
check to see if scribe marks have moved prior to weld pour).

Cut closure rail on the outside of the guide mark for the cut.

Cut parent rail on the inside of the guide mark for the cut.

4. Set-up Rail The rail ends should be peaked to 1.8mm, to set-up place a 1m
Peak straightedge with 1.8mm nibs at either end centrally over the weld gap.

5. Mould The mould must be square and central to the rail in all directions.
Alignment Shine a torch and look through the mould riser to check that the rail foot

is visible and equal on both sides.

6. Sealing the Luting should be thorough to prevent weld metal runout.

Mould If there is a gap present between the head of rail and weld moulds, it will
be necessary to fit felt.
Luting cards should be used to prevent luting putty from falling into the
weld gap or riser holes.
Do not leave excess luting putty on the top of rail near weld gap, as when
shearing takes place this could initiate sand burns.

7. Preheater Use correct torch type and gas-working pressure ( per suppl i ¢
Torch Set torch to the correct height, centrally over the weld gap, use a neutral
Criteria flame and preheat for the correcttime ( as per supp.lier

8. Shearing After the mould has been removed wait the required time before shearing
Criteria (as per supplierds manual)

9. Grinding Perform rough grind that meets ARTC semi-finished weld condition
Criteria standards (do not grind closer than 1mm to rail head).

Perform final grind that meets ARTC finished weld condition standards.
The earliest time to perform the final grind is at minimum 1 hour after the
rough grind has been completed; it is recommended to wait longer if
possible.

10. Geometry

and Visual
Inspection

If defects defined in the relevant ARTC standards occur the weld must be
repaired/removed.

Version Number: 1.0 Date Reviewed: 07 May 20 Page 5 of 39
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2.1 The results of poor execution of Key Weld Quality Steps

Key Weld Related Defects Through Poor Execution
Quality Steps
1. Weld Kit 0 This step is critical, as selecting the right type of kit for the rail to be
Selection welded will ensure the weld steps to follow are able to be performed to
standard.
2. Rail End 0 Lack of fusion i preheating of rail faces not uniform.
Squareness | o Vertical misalignment of the weld collar i moulds not square and central
to the rail in all directions.
o For flame cut rail ends cracks can occur;
A If the rails steel grade is not permitted to be flame cut,
A If rail bound vehicles pass over the weld gap before the weld
has taken place, and
A If the weld gap is left for more than 12 hours (4 hours for Head
Hardened rail) prior to welding.
3. Rail Weld o Porosity i incorrect weld gap width.
Gap 0 Slaginclusions i weld gap too wide.
0 Blackholes i incorrect weld gap width.
0 Oxidised/glazed weld i incorrect gap can overheat the rail faces.
4. Set-up Rail 0 Geometry defect (dipped weld) T insufficient peaked height during set-
Peak up of the weld geometry.
5. Mould o Porosity i wet moulds, self-tapping thimble releasing too early.
Alignment 0 Lack of fusion i preheating of rail faces not uniform.
0 Mould inclusions i over rubbing mould recess to rail.
o Flashing i poor fitting between mould and rail.
o Finning 7 overtightening and breaking of the mould.
o Vertical misalignment of the weld collar i moulds not square and central
to the rail in all directions.
0 Lack of collar formation i poor fitting between mould and rail.
6. Sealing the o Porosity i wet luting paste.
Mould 0 Sand inclusions 1 luting paste falling into the weld gap.
0 Sand burns - excess debris (luting paste) on top of rail.
o Flashing i lack of fitness between mould and rail.
0 Lack of collar formation i fitness of mould to rail insufficient.
7. Preheater o Porosity T damp/ wet equipment and materials (i.e. preheat crucible to
Torch remove any moisture it may contain if any is known to exist).
Criteria 0 Lack of fusion i non-uniform preheat of the rail ends.
o Blackholes i damp/ wet equipment and materials (i.e. preheat crucible
to remove any moisture it may contain if any is known to exist).
o Oxidised/ glazed welds i excessive preheating of the rail faces.
8. Shearing 0 Hotteari shearing too early.
Criteria 0 Sand burns i excess debris (luting paste) on top of rail.
9. Grinding 0 Geometry defect (dipped welds) i insufficient final grind, too much weld
Criteria metal removed.
0 Geometry defect (peaked welds) i insufficient final grind, not enough
weld metal removed.

This document is uncontrolled when printed.
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2.2 Weld Kit Selection

1 The weld kit selected to perform the weld must be suitable for the hardness of rail to be
welded.

1 If the two rails to be welded are of dissimilar profile, then a junction weld kit should be used.

1 If the difference in rail height of the rails to be welded is greater than 5mm than a step weld kit
should be used. Table 1 below provides an example of the Thermit step weld kits that are
appropriate for welding differences in rail height. The step moulds in Table 1 are for 53kg and
60Kkg rail, Thermit also supply step weld kits for other rail sizes.

Table 1: Step-weld kit selection guide available for 53kg and 60kg rail sizes (Thermit)

071 3mm >371T 7mm >771 11mm >117 15mm
TH ER M IT Rail Wear Rail Wear Rail Wear Rail Wear
Standard Mould Suitable for use - - -
5mm Step Mould - Suitable for use - -
9mm Step Mould - - Suitable for use -
13mm Step .
Mould - - - Suitable for use

1 Table 2 below provides an example of the Pandrol step weld kits that are appropriate for
welding differences in rail height for 60kg rail. Pandrol also supply step weld kits for other ralil
sizes. The Pandrol 8 and 12mm step moulds in Table 2 are PENDING APPROVAL for use
on ARTC track.

Table 2: Step-weld kit selection guide, available for 60kg rail sizes (Pandrol) Pending Approval

07 5mm >57 10mm >107 14mm
PANDROL | Rail wear Rail Wear Rail Wear
(To Be Determined) (To Be Determined) | (To Be Determined)
Standard Mould Suitable for use - -

8mm Step Mould

(Pending Approval) ) Pending Approval )

12mm Step Mould

(Pending Approval) ) ) Pending Approval

1 Intandem with selecting the appropriate weld kit in terms of, type and wear of rail, care must
be taken when rubbing the weld moulds to the rail and luting shall be thorough to ensure
there are no gaps between weld mould and rail.

2.3 Rail End Squareness Tolerance (£ 2mm)

1 In preparation of the rail ends to be welded, the cut of both ends must be vertically and
horizontally square to within a tolerance of + 2mm. The cut must be made with the same tool
i.e. two flame cut rail ends or two saw cut rail ends to be welded.

1 If the cutis not vertically and horizontally square to within a tolerance of £ 2mm, this will make
it difficult to align the weld moulds to achieve a vertical weld collar (weld collar vertical
alignment should be £ 2mm).

1 Non-vertical cut weld gap cannot be inspected post-weld. It can lead to the rail faces not
being preheated uniformly and can cause lack of fusion defect due to preheating mis-
uniformities. Figure 1 and Figure 2 below illustrates how to measure vertical and horizontal
rail end squareness in preparation for a weld, if the rail ends are not square with tolerance
they will not be able to be preheated uniformly, resulting in a lack of fusion defect.

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 07 May 20 Page 7 of 39
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Vertical Rail End Squareness

—» | <= [ No greater than 2mm

Figure 1: Rail end squareness vertical tolerance should be measured at 90° to the rail foot or head
dependant on the angle of the cut and should be no greater than 2mm.

Horizontal Rail End Squareness

looking down)

1
1
|
|
|
|
|
1
!
|
1 Plan View (above rail
|
1
|
|
|
|
|
1
|
|
|
|
1
I

I
1
1
' «— | No greater than 2mm

—>

Figure 2: Rail end squareness horizontal tolerance should be measured at 90° to the rail foot either side
dependant on the angle of the cut and should be no greater than 2mm.

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 07 May 20 Page 8 of 39
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1 The preferred tool to cut the rail weld gap is with a rail saw, rather than a gas flame cutter. If

the rail to be welded does have flame cut rail ends;

o No rail bound vehicle shall pass over the weld gap before welding has taken place.

0 The weld gap shall not be left for more than 12 hours (4 hours for Head Hardened rail)
prior to welding, if so, the rail ends must be re-cut immediately removing a minimum
steel of 25mm. It is advised to weld the rail in the shortest time possible once it has
been cut.

Figure 3 below illustrates rail ends that have been correctly prepared vertically and horizontally
square.

Figure 3: Rail ends prepared vertically and horizontally square

2.4 Rail Weld Gap

f

Measure required weld gap, i.e. what is specified in the relevant Supplier manuals for the
welding process and rail size in use.

When the required welding gap has been set, ensure to put in place rail fasteners either side
of the weld gap to prohibit movement of the rail, movement will increase or decrease the weld
gap width dependant on the Stress Free Temperature (SFT) of the rail. Rail fasteners should
not be placed on the closest sleepers to the weld gap, to allow the rail to be set-up and
peaked before installing the weld moulds.

Scribe marks on the parent rail where the rail fasteners closest to the weld gap were placed
help to see if the rail has moved. Right before the rail weld moulds are installed, measure the
weld gap to ensure it is still of the correct width. Then before pouring of the weld metal
occurs, check the scribe marks to see they have not moved.

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 07 May 20 Page 9 of 39
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1 When performing a saw cut on a closure rail, the cutting blade should be positioned on the
outside of the guide mark for the cut. The opposite should occur when cutting the parent rail,
the cutting blade should be positioned on the inside of the guide mark for the cut. The goal is
to end with a cut to the rail that is on the centreline of the guide mark for the cut.

1 If the rail saw is positioned on the centreline of the guide mark for the cut, the rail saw will cut
too much rail. If this occurs, when setting up the weld gap, it may not be possible to achieve
the weld gap to tolerance.

2.5 Setup Rail Peak +1.8mm

1 When aligning the running surface (top) of the rails to be welded, it is necessary to peak the
rails using steel wedges or lifting jacks and an alignment frame. A 1m set up straightedge
with 1.8mm nibs at either end is placed centrally over the weld gap. Each end of the straight
edge should sit 1.8mm above the running surface, see Figure 4. Peaked welds are preferred
over dipped welds as they can be ground to tolerance, where dipped welds are harder to

maintain.
1m Straight Edge
1.8mm X 1.8mm
4 1 |t
% — S
£ ; ==}

'—:-————%J 1 / X - = ] =
,\@;_f% SteelWedge™  [Sv L 7

Figure 4: Alignment of running surface - using set up straight edge

2.6 Mould alignment
1 Use the correct mould for the rail size and type of weld being performed.
I The mould must be square and central to the rail in all directions.

T When rubbing the mould to achieve a good fi
mould can break in this region leaving inclusions or increase the risk of runout, which can
lead to flashing and/or finning.

1 If the rail has not been cut straight, the correct alignment of the weld mould will be difficult to
achieve a vertical weld collar (weld collar vertical alignment should be + 2mm).

1 If alignment is incorrect the runner and riser may be partially blocked, causing a bad foot
preheat and bad heat transfer from the weld metal, possibly resulting in lack of fusion in the
foot.

1 When inspecting weld moulds after setting up over the weld gap, the mould should be
checked to ensure it is vertically aligned and will obtain evenly distributed heat. To do this the
mould risers should be looked through to check that the rail foot is visible and equal on both
sides. It is good practice to use a torch to shine into the mould riser to clearly see if both sides
of the rail foot are visible and uniform, refer to Figure 5.

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 07 May 20 Page 10 of 39
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27 Seal

1

s v} . . -

Figure 5: Shine torch through the mould riser to inspect both rail foot sides are uniform

ing of mould to rail Alutingo

Sealing of the moulds to the rail with luting putty should be thorough to prevent weld metal
run-out leading to flashing/ finning.

If there are spaces between the mould and the rail under the foot and head, these gaps can
be filled with cardboard to aid with the luting process, refer to Figure 6 and Figure 7 below.

i

l:‘q—“;

B
aA W

.

b -
-

e
.‘.)4:‘ ¢

Figure 7: Cardboard filled between weld mould and rail gap (under foot)
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1 Ifthere is a gap present between the head of rail and weld moulds, it will be necessary to fit
felt, see Figure 8 below.

Figure 8: Fit felt between rail head and weld mould if there is a sufficient gap

9 Luting cards can be fitted to cover the head of the rail between the sand moulds and cover
the side riser holes, this placement of the luting cards prevents luting putty from falling into
the weld gap, which can result in inclusions and porosity in the foot area of the weld.

1 Care must be taken to not leave excess luting putty on the top of rail near weld gap, as when
shearing takes place this could initiate sand burns.

2.8 Preheat torch type and gas working pressure

1 The preheat torch type and gas working pressure (oxygen and LPG/ propane) of the torch
should be correct to what is specified in the Supplier manuals for the welding process and ralil
size in use.

2.9 Torch height and alignment

1 Ensure the torch height is correct, set to a neutral flame and preheated for the correct length
of time as specified in the Supplier manuals for the welding process and rail size in use.

1 The preheat torch should be aligned centrally over the weld mould.

1 The above preheating criteria is critical to ensure both rail faces are heated correctly.

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 07 May 20 Page 12 of 39



—_— Weld Quality Management Manual
A R T C ETN-01-06

Summary of Key Weld Quality Steps (Golden Rules)

2.10 Shearing Criteria

1 After the mould has been removed at the correct wait time, following Supplier manuals for the
welding process and rail size in use, shearing can be performed.

2.11 Grinding Criteria

1 After the excess weld metal is cut off, a rough grind should be performed but should not be
cut closer than 1mm to the rail head, as on cooling down the weld could sink and finish out of
tolerance. The aim is to set the weld high enough so that after the weld has cooled it will be
peaked.

1 The weld can be left in its semi-finished condition for 14 days provided it meets the geometry
tolerances set out in ARTC standards for semi-finished weld geometry.

1 When the weld has sufficiently cooled the final grind should be performed, the grinder should
be positioned away from the weld to a flat section of the rail and the grinding stone lowered to
just touch the rail, raised a fraction and locked in this position. The grinder is then run across
the weld and adjacent rail in long continuous sweeps (at the final position of each sweep, no
grinding sparks should be present). This operation is difficult during the initial grinding until
the section being ground becomes more uniform. The grinding continues until the grinding
zone has become smooth and uniform, within the geometry tolerances set out in ARTC
standards for finished weld geometry.

I At a minimum the earliest time to perform the final grind is 1 hour after the semi-finished
grind, it is recommended to wait longer if possible. If the final grind is performed too soon,
when inspected at the time of grind it could be within geometry tolerance, however when
inspected in future (NDT Inspection) will drop and could become a dipped weld.

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 07 May 20 Page 13 of 39
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3 Thermit Aluminothermic Welding Process Variables

The table below shows the values of the variables for Thermit aluminothermic welding processes
of different rail sizes.

Gas Working
. Pressure
e R.all G.ap To.rch Prgheat Mould Crown Torch
Size Size Height LPG / Time Removal | Gap
Process Oxygen . . Type
(kg/m) (mm) (mm) ca Propane (mins) (mins) (mm)
(kPa)
31 300 50 1.5
41 2
SkV-Elite 3
47 2.5
(Standard 28 30 40 5 15§ 2 Rows
Gap 50-53 400 150 3 /32
Weld) holes)
60 35
68 4
S‘;\\;,‘EGE’ 31 67 - 3
(Wide 607 70 | 35 500 150 2 2573 | oW
Gap /32
Weld) 41-53 8-9 holes)
SOVV\Y'-dLYO 50 3 - 3
(Wide 6070 | 60 400 150 617 |25713| O
Gap /32
Weld) 60 85 holes)
Notes:

(1) When preheating junction welds, preheat time is based on the larger rail to be welded.
(2) Preheat torch height is measured from the end tip of the torch to the head of the rail.

(3) Best practice when performing wide gap welds is to revisit the weld 2 i 3 months post-pour
and check the rail weld geometry meets ARTC Weld Geometry Standards.

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 07 May 20 Page 14 of 39



—_— Weld Quality Management Manual
A R T C ETN-01-06

Pandrol Aluminothermic Welding Process Variables

4 Pandrol Aluminothermic Welding Process Variables

The table below shows the values of the variables for Pandrol aluminothermic welding processes
of different rail sizes.

Gas Working Mould .
Pressure Removal Shearing
. Rail Gap Torch Preheat . Time
Welding . . . . Time
Size Size Height LPG / Time After
Process Oxygen . After
(kg/m) (mm) (mm) Propane (mins) Pour Pour
(kPa) (kPa) i (mins)
(mins)
41 3
a7
PLK Low 3
Setting
(Standard 50 23to 27 300-320 | 40-45 3 5 6
Gap Weld) Support
53 (40mm) 3
60 4
31 3
41 3
a7 i
WGW ngh 3
. Setting
(Wide Gap 50 65to 71 Support 300 50 3 8 10
Weld
) 53 (60mm) 3
60 4
68 5
Notes:

(1) When preheating junction welds, preheat time is based on the larger rail to be welded.
(2) Preheat torch height is measured from the end tip of the torch to the head of the rail.

(3) Best practice when performing wide gap welds is to revisit the weld 2 7 3 months post-pour
and check the rail weld geometry meets ARTC Weld Geometry Standards.

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 07 May 20 Page 15 of 39
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5 ARTC Weld Geometry Standards

5.1 Semi-finished Rail Weld Tolerances

Factor

Standard for semi-finished state

Peak in running surface

+0.8 to +1.2 mm over 1 metre (about 1 mm preferred)

Dip in running surface

Strictly no dip allowed

Gauge widening due to change in rail

0.5 mm max (less preferred)

rail

Gauge narrowing due to change in

0.5 mm max (less preferred)

Vertical deviation in rail running
surface (ramp angle)

Approximately 7 milliradians over 50 mm base

5.2 Finished Rail Weld Tolerances

Factor

Limits

Method of test Corrective action to

achieve tolerances

Peak in running
surface

+0.0 mm to +0.3 mm
over 1 m, absolute
max peak 0.5 mm

1 m reference and height
difference measure

Remove or grind

Dip in running
surface

Nil

1 m reference and height Remove or lift

difference measure

Gauge widening
due to change in
ralil

0.5 mmover 1 m

1 m reference and height Remove or bend

difference measure

Gauge
narrowing due
to change in rail

0.5 mmover1m

1 m reference and height
difference measure

Remove or grind

Vertical
deviation in rail
running surface
(ramp angle)

7 milliradians or

+0.35 mm over 50
mm.

Measured with dipped weld
(P1) gauge or electronic
straightedge over 1m.

Remove or grind

Vertical step in
rail running
surface

+0.15 mm over
100 mm

100 mm reference and
height difference measure

Remove or grind

Horizontal step

+0.15 mm over

100 mm reference and Remove or grind

in rail running 100 mm height difference measure

surface

Vertical Vertical + 2mm A square gauge and steel Remove
alignment (Weld rule or weld collar

Collar) alignment gauge
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Visual Inspection of Welds

To facilitate visual inspection of the weld, the welder must thoroughly clean the weld, this occurs
after the weld risers have been removed. To perform the clean, ensure all weld mould debris has
been removed from the following areas:

Underside of head,

1 Around vent riser position, and

1 Underside of collar.
The removal of the mould material can be done with a needle scaler. If a needle scaler is not
available use a hammer and cold set (steel chisel) to remove excess mould material, then clean

the weld collar with a wire brush to ensure the weld can be properly visually inspected. Figure 9
below illustrates a properly cleaned aluminothermic weld, that can be visually inspected.

e 24> -
Figure 9: Properly cleaned aluminothermic weld
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The underside of the weld collar should be checked for signs of the following: oxidisation,
flashing, fit-up of moulds at collar junction (2-piece), weld collar deformation and incomplete
collar.

The weld should be visually checked around by the qualified welder after the weld has been
completed and prior to leaving the worksite for signs of the following:

porosity,

hot tears,

lack of fusion,

inclusions,

vent riser break-off point (black holes),

sand burns/paste scars, cracks,

flashing/finning,

vertical misalignment of the weld collar,

=A =/ =4 4 -4 -4 -4 -4 -

oxidised/glazed welds and incomplete weld collar.

Use a hand mirror to inspect under the rail head (web to head transition), refer to Figure 10.

-
Figure 10: Mirror to check under side of the rail head

The following sections illustrate and detail rail weld defects, that can be visually inspected post-
weld.
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6.1 Porosity
What is the Defect.

Spherical voids located within the weld metal, that may be isolated/ grouped, internal and surface
breaking. The porosity defect is of major concern as it may be concealed within the rail weld and
not noticeable on the outside through visual inspection.

Image of the defect.

Figure 11: Rail Weld Defect (Porosity)
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Root cause of the defect.

Porosity is caused by moisture as a result of one or more of the following conditions disturbing
the weld reaction:

1 Wet luting paste/ sand,
Damp crucible,

Damp portions,

Wet moulds,

Rain present in the location of the weld,

=A =_ =4 -4 =4

Failure to keep the weld dry, and
1 Self-tapping thimble releasing too early.

Moisture present in the reaction can create voids (porosity) within the weld. These voids can be
found anywhere in the weld; head, web and foot.

What can be changed to prevent the defect occurring in future welds.

Moisture can come from; the crucible, the moulds (majority of the time) and the portion. To avoid
this occurring:

9 Store the aluminothermic welding consumables in a sealed, dry location.

1T Preheating should be performed per supplierds
the moulds and from the rail.

1 The crucible should be preheated before use to remove any moisture, a preheat time of
20 minutes for the multiple-use crucible and 30 minutes for the one-shot crucible.

9 Do not prepare the portion too early in the crucible where it can contact water.

1T Dondt wel d i rsitisa&anemargaricyn Thenwafiire-esistant tent must be used.

Action steps.

Refer to ARTC defect response standards for guidance on the remedial action to take for rail weld
defects.
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6.2 Hot Tear

What is the Defect.
Weld tears due to incorrect shearing of the weld, will display a surface breaking tear across the

gauge and/or field side of the rail head, see images below.
Image of the defect.

B
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Figure 12: Rail Weld Defect (Surface breaking hot tear in weld)
Root cause of the defect.

Hot tears occur from movement of the rail weld before the steel has solidified sufficiently. This
movement can occur from;
1 Incorrect shearing (time / temperature / equipment),

What can be changed to prevent the defect occurring in future welds.

The weld should be allowed to cool sufficiently before removing the mould and shearing. This
wait time before shearing is specified in the user manuals for the each of the welding process and
rail size in use.

When using manual weld shears, it is found easier to trim the weld when it is hot, therefore it is
appealing to shear the weld earlier than should be done. The weld should not be sheared earlier
then specified, if welds are hard to shear, automatic weld shears should be used to make
operation easier to trim the weld when it has cooled sufficiently.

Action steps.

Refer to ARTC defect response standards for guidance on the remedial action to take for rail weld
defects.
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