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Introduction (1) — Derek Emmett

v v v Vv Vv

Civil and Structural Engineer
Highways and Railways

Design and Construction

Balfour Beatty Rail Projects 20 years
Overseas Projects in
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Hong Kong
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Introduction (2) — Balfour Beatty Rail Projects Limited

Balfour Beatty Group

Balfour Beatty Rail

Balfour Beatty Rail
Power Systems

Balfour Beatty Rail
Track Systems
Limited

Balfour Beatty Rail
London Underground
Services

Balfour Beatty Rail
Plant Limited

Balfour Beatty Rail
Projects Limited

Balfour Beatty Rail

Technologies Limited

Balfour Beatty Rail
Infrastructure Serviceg
Limited
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Introduction (3) - BBRPL Completed Projects Overseas _
Singapore
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Introduction (3) — BBRPL Current Projects Overseas

Sweden
Australia
Singapore
Chile
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Santiago de Chile
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Metro de Santiago (1)— Location South America

» Santiago de Chile
» capital city of
Chile

» Population 5.5m
of 16.4m in Chile

» Financial centre,

industry, Chile
agriculture

Santiago de Chile
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Metro de Santiago (2) — Extent of System

» Metro System
» 4Lines operational
» 73 route kilometres
» 78 stations
» 1m passengers/day
» Lines1,2and5
- rubber-tyred system

» Lines 4 and 4A — conventional
steel rail/steel wheel system
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Metro de Santiago (3) — Scope of Welding, Lines 4 and 4A

Running Rail UIC60

»  Flash Butt welding
»  Aluminothermic welding

Conductor Rail T52

»  Aluminothermic welding

Cast Crossings in Turnouts
» Manual Metal Arc welding

Conductor Rail Brackets
» Manual Metal Arc welding

Column Tracks in Workshops
» Manual Metal Arc welding
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Welding Methods— Aluminothermic (1)

» Rails — UIC60 Running Rail and T52 Conductor Rail
» Rail Grades

» UIC60
» Standard grade 900A
» Heattreated HT

» T52
» Conductor rail steel

» Equipment

» Quantity
» UIC60 approx 1100 no.
» T52 approx 4100 no.

10RW/Derek Emmett/16November 2006 i = 10



Welding Methods— Aluminothermic (2)

Set up rails
Equipment
Pre-heating
Reaction
Pouring
Remove moulds
Shearing
Grinding

VvV vV vV vV vV vV v Vv

10RW/Derek Emmett/16November 2006 11



Welding Methods — Aluminothermic (3)

Set up rails
Equipment
Pre-heating
Reaction
Pouring
Remove moulds
Shearing
Grinding
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Welding Methods — Aluminothermic (4)

Set up rails
Equipment
Pre-heating
Reaction
Pouring
Remove moulds
Shearing
Grinding
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Welding Methods — Flash Butt (1)

» Machine
» Semi-permanent set up

» Rail gradesUIC60
» Standard grade 900A
» Heat treated HT

» Quantity 7400 no. approx
» Rail string length 800m
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Welding Methods — Flash Butt (2)

Ralil
Stockpile

Prepare

Rail Ends Rail Alignment Weld

Grind Rail

Profile Cool Shear

Equipment List:

* Crane/hoist

* Webb Grinder x 2

* Flashbutt Welding Machine

* Rail Foot Grinder

» Rail Profile Grinder x 2

+ Rail Rollers 5
* Track Jacks

Quality
Checks

Rail String
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Welding Methods — Flash Butt (3)

» Process Diagram

Profile Grinder
Base Grinder
Quality Control

Y

Equipment List:
Mobile Containerised Flash Butt Welder

Webb Grinder x 2
Track Jacks
Rollers

Base Grinder
Profile Grinder x 2

I 4@ 4o
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Webb Grinders

x2
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Welder & Shear
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Welding Methods - Flash Butt (4) M g B

» Rail stack

» Prepare rail ends
» Rail alignment

» Clamp

» Weld

» Shear

» Grind
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Welding Methods — Flash Butt (5)

» Rail stack

» Prepare rail ends
» Rail alignment

» Clamp

» Weld

» Shear
» Grind
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Technical Problems Encountered (1)— UIC60

» Aluminothermic
» Weld defects
» Ambient conditions
» Daily output

» Flash Butt Welding
Semi-permanent set up
Length of rail strings
Alignment

>
3
>
» Daily output
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Technical Problems Encountered (2)— T52

Rail section
Rail position
Sequence in construction
Daily output

v v Vv Vv
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Welding Methods— MMA

» Cast Crossings in Turnouts
Column Tracks
» Conductor Rail Brackets

Steel Grades

Welding Procedures
Quantities

" s . - L
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Welding Methods — Cast Crossings = ;_'_"‘____ :

» Repair
» Build-up
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Welding Methods— Column Tracks (1)

» In-situ welding
» Steel grades
» Quantity approx 1000 no.

» Welding procedure
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Welding Methods— Column Tracks (2)

Set up | Chéclignment
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Welding Methods— Column Tracks (3)

11/09/2006 ' b

Completed welds
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Welding Methods— Column Tracks (4)
» Procedure developed by Balfour Beatty Rail Track Technologies
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Welding Details R
Run Process Size of Current Arc Type of Wire Travel Heat
Elecirode A Voltage | Current/ Speed Speed Input
L ) Polarity Feed mm/min
IRRA MMA 4.00mm 165- 185 24-25 DC+VE NA 150 1.7kJfmm
mm/min | (approx)
(approx)
2 0d MMA 4.00mm 115-135 24-25 DC+VE NA. 100 1.6k /mm

mmfmin | (approx)

Filler Metal Classification: AWS A5, 1 E7018

Electrode Type / Size: Low Hydrogen Basic, 4.00mm dia.
Any Special Baking or Drying: Use VacPac follow
manufacturer’s instructions aficr opening, or dry according to
manufacturers instructions

Details of Back Gouging : N.A.

Preheat Temperature: . 50 °C to be maintained 75mm
beyond extremities of the weld area.

Interpass Temperature: Unspecified
Deposition Technique: Use a short arc, run over arc initiation

| site to prevent start porosity, prevent occurrence of end craters.
All tack welds to be blended in.

Post — Weld Heat Treatment and / or Ageing: N.
Time, Temperature, Method: NA

Heating and Cooling Rates: N.A.

Prepared by ; Bob Sawdon

Date: 14/09/04

o Lavpid.

| Signature:

Additional Information:

Post Weld Treatment:

Cleaning: the completed deposit shall be thoronghly de-
slagged.

Non - Destructive- Examination: Visual inspection, any
craters, valleys or hollows to be re-welded.

M.P.L/DPI to be employed as required.

Other Information:

Manufacturer: Balfour Beatty Rail Projects Limited
Issued by:

Date:

Signature:
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Welding Methods— Conductor Rail Brackets

» Factory fabrication
» Steel Grade

» Quantity approx 30,000 no.
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Welding Methods — General

» Welder training and certification h‘"‘“‘
» 12 welding teams '

» Welding process approval
» Aluminothermic
» Flash Butt
» MMA
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Weld Quality — Aluminothermic (1

v
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Procedural checks
Geometry checks
Ultrasonic checks

Consolidated Weld Report
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Bﬂln"l‘ Bm Contrato N° VPA-1001-01-03

Sistema de Vias LINEA 4 Y 4A - METRO DE SANTIAGO

Informe Consolidado de Soldadura

Namero de Documento: BB-CC-013 I Revisién: 1 Fecha Efectiva:

SOLDADURA ALUMINOTERMICA

Informe N°
Tiempo: Himedo / Seco - Célido / Frio Hora de Soldadura: Fecha de Soldadura:
Ubicacion
Sector
Via
PK
| Geometria de via_: Recta/curva/ Transicion | Marcay Tipo de Riel
| Rt a rie sis | SP | PP | soldaduran-
S: Standard; P: Premium (tratado térmicamente); S
Datos de Soldadura (Se debe hacer el registro al mismo tiempo que se suelda )
Proceso : KLK Distancia libre_[mm] : 24 mm £ 2 mm
Molde usado : 3piezas L——J§ precalentamiento crisol
Gas usado Oxy-Acetileno [} soldadura
Presion Oxigeno  : 2,6 bar L3 Estado del Crisol
Presion Acetileno  : 1 bar 1§ Numerocargacrisol
Tiempo de desmolde : Tiempo de Corte de Mazarota
Alineacion carril [oemna 1 [Externa 4§ Tiempo de reaccion [s]
Alineacion patin Ooerna 1 [Ewiema T Tiempo de duracion de la soldadura

Alineaci6n carril Estado punta de carriles

Alineacién patin [Hoizonial ]

o

Observaciones:

Estos (rabajos se deben llevar a cabo bajo a aprobacion del supervisor y soldador

‘Soldador: ‘Control de Calidad BB:
Eima Eitma;

Supervisor: ITO:

Firma: Firma
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. . - Contrato N° VPA-1001-01-03
Weld Ouality — Aluminothermic (2 BallOUP BEALY ...\ mens on memone suruco
Control de Esmerilado Final de Rieles

NGmero de documento: BB-CC-056 ] Rev-0JFecha de Emision: 15/6/2005

Fecha:
Control de Alineacion Control de

Vertical Liorizontal

Procedural checks
Geometry checks U |
Ultrasonic checks e e o e o o e} o

v

v

Esmerilado

v

Consolidated Weld Report .

v

EE

evisado por ITO

[comprabado por: Departamento de Calidad B8 [Revisado por Supervisor
INombre:

Euma Fecha. ima Fecha,

uma Fechy
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Weld Quality — Aluminothermic (3
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Procedural checks
Geometry checks
Ultrasonic checks

Consolidated Weld Report
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Haliﬂ"l‘ Baa Contrato N° VPA-1001-01-03
Sistema de Vias LINEA 4 Y 4A DEL METRO DE SANTIAGO

Registro - Soldadura Aluminotérmica

Nimero de Documento: BB-CC-011 | Revision: 1 Fecha emisién: 20/10/2004
Talleres Tocomnal: [ — (0000-1000)
Cocheras Quiln: [ — —
N Tipo de Union* Rango de Resultado Ensayo| Alineacién | Alineacién
No.f Sector PK | V& | gqigagura | /s, s/p, PP | Esmeritado  |ultrasonido ENOD]  verical | Horizontal

S| N B R[R) B|R[ R[B8] B|&|5| 56| B 6| B|B[B ||| ~[o] | &] wfm]| =

5757 Union rieles Standard. S/P: Union el standard/premium (ratado). PTP: Union rieles Premium (ratados)

05mm

VISTA EN ELEVACION, TOLERANCIAS DEL

CONTROL VERTICAL VISTA EN PLANTA, TOLERANCIAS DEL CONTROL HORIZONTAL
—~——1000mm centro e
a5 VALLE oe 05mm

-— T —
o

= —
Soldador.
inspecionado por: Departamento Control de Calidad (Comprobado por: ITO
[Nombre: Nombre:
Firma/Fecha: Firma/Fecha:
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Weld Quality — Aluminothermic (4
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Procedural checks
Geometry checks
Ultrasonic checks

Consolidated Weld Report
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Balfour Beatty

ContratoN° VPA-1001-01-03
Sistema de Vias LINEA 4 Y 4A DEL METRO DE SANTIAGO

Registro - Soldadura Aluminotérmica

Nimero de Documento: BB-CC-011 | Revision: 1 Fecha emision: 20/10/2004
Talleres Tocornal: [ ] — (0000-1000)
Cocheras Quiin.__ ] — —

i ion* n n ineacién | Alineacion
No.f Sector PK | Via SDIL;\:dura Tﬁeg‘dse/;np% ERsamZZI::c L??rzus‘;i?:ogszgg Aseﬁ.ac;a Qé"yi?fnfa\
T
2
3
7
5
5
7
0
9
0
1
©
B
W
5
B
7
B
]
S
2
2
=
%
>
%
z
v S75: Union rieles Standard. SP- Union el standardipremium (iatado). PIP: Umign rieles Premium (ratados)
VISTAEN ELEVACION, TOLERANCIAS DEL VISTA EN PLANTA, TOLERANCIAS DEL CONTROL HORIZONTAL
e o
peaK —_— e
e/ osmm peax osmm
I
j——————— T
L n
Soldador

Inspecionado por: Departamento Control de Calidad

Nombre:

[Comprobado por: ITO

Nombre:

Firma/Fecha:

Firma/Fecha:
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Weld Quality — Flash Butt

» Chart output
» Geometry checks
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Maintenance of Welds

» Up to commissioning
» First two years
» Longterm
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Summary

Metro de Santiago Lines 4 and 4A
Welding Scope

Welding Methods and Technical Problems
Quiality Control

Maintenance
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Questions and Answers

?Z mm
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