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RESUMEN DEL PROYECTO

Como consecuencia de la renovacion de las agujas, via y otros elementos asociados de la plataforma
ferroviaria, sera necesario actualizar el sistema de electrificacion existente. Para ello se analizaré el
sistema existente y se adoptara una solucion de compromiso en el disefio, que tendra en cuenta todas
las variables implicadas y las posibles consecuencias. El proyecto consistird en resolver un caso real
en Reino Unido, teniendo que utilizar la normativa aplicable en dicho pais.

La motivacion primaria de este proyecto es la mejora del sistema de ferrocarril. Ya que la tecnologia
sigue mejorando dia a dia la posibilidad de introducir este progreso en el sistema bajo discusion deriva
en este proyecto. Unos cambios en las medidas de las estructuras OLE, aun si son bastante simples,
pueden implicar un cambio enorme tanto en la funcionalidad como en la eficacia del sistema de
ferrocarril.

El primer capitulo serd una pequefia introduccion a la historia del ferrocarril y de la electrificacion,
prestando especial atencién al papel de Reino Unido.

El primer paso como tal del proyecto se da en el segundo capitulo y sera desarrollar una herramienta
de célculo en Excel con la que se calcularan diversos parametros que se deben tener en cuenta a la
hora de disefiar la renovacion. Para llevarlos a cabo se obtendra del plano disponible diversos valores,
desde la altura de los cables de sustentacion y de contacto a la distancia entre vanos. También se
dispone de datos sobre curvatura de la via, la influencia del viento y el kilometraje de la estacion.

Con todos esos datos como base, se comienza a calcular todo lo necesario, empezando por el midspan
offset, que basicamente es el desplazamiento lateral de la posicion estatica del cable en el punto medio
entre dos puntos de registro. Es decir, es la posicion horizontal de la barra de contacto en relacion con
el centro de la via del ferrocarril en cuestion teniendo en cuenta los efectos del viento. El valor ideal
seria cero, valor que se puede conseguir fijando el descentramiento a su valor nominal en direcciones
opuestas en estructuras sucesivas si se trata de estructuras tangentes. En este caso, la via es curva por
lo que el procedimiento varia y el descentramiento se fija con un valor igual al de la versina.

Luego se calculan los efectos del viento, para lo cual se utiliza una de las normas de GEFF. Se
procedera a la obtencion de un buen numero de coeficientes involucrados en este proceso. Una vez
estén todos calculados se obtendra el levantamiento del pantografo debido al viento para cada
estructura.



A continuacidn, se calcula el efecto del descentramiento, que es la diferencia entre la desviacién en
el punto medio y la peor desviacion en el canton bajo las condiciones de viento dadas. Debido al
descentramiento, es muy posible que la mayor desviacion del cable de contacto no se de en el punto
medio. Variara dependiendo del descentramiento en cada estructura.

Seguidamente, se calcula la desviacion actual, que es la suma de los factores que ya se han explicado
en lineas anteriores, y se compara con la desviacion maxima permisible en cada estructura. Si la
desviacion es inferior a dicho maxima, se usara para el disefio. En caso contrario se utilizaria el valor
de la maxima.

Por ultimo, se estudiara el gradiente y la variacion de tal. Esto se lleva a cabo para comprobar que la
renovacion se atafie a los requisitos pertinentes. Normalmente, durante el movimiento del tren hay un
rango permitido de alza y caida del pantdgrafo, que depende de su habilidad, ya que actia como
sistema de amortiguacion. Los resultados obtenidos en este proyecto se adaptan y cumplen con dichas
exigencias a la perfeccion.

El segundo capitulo se centra en el disefio de dicha renovacion. Se comienza analizando el cambio de
Mk1 a GEFF, el cual tiene varias ventajas, tato en velocidad como en seguridad. Ademas, como el
aumento de tension en la linea es tan solo de 1.3 kV, y normalmente este tipo de estructuras se
dimensionan para soportar sobrecargas, la estructura se adapta correctamente al cambio.

Entonces se comentan los elementos que habria que cambiar debido al cambio de cables. Cabe
destacar las barras de contacto de cruce, que se utiliza para obligar a ambos cables a moverse juntos,
aungue admite cierto movimiento. Minimiza el riesgo de enganche asegurandose de que el cable que
no sea levantado por el pantdgrafo siga al que si.

También se cambian los saltadores de corriente, que se usan en localizaciones donde dos 0 mas cables
coinciden. Su funcién es facilitar que fluya corriente de traccion de uno a otro en condiciones
totalmente normales.

Una vez se ha realizado esto, se procede a disefiar cada estructura individualmente. Se estudia el plano
particular, se analizan las referencias y se utilizan fotografias de la estructura real para facilitar el
proceso. Entonces se proponen los soportes a cambiar y se disefian todas las piezas necesarias para
tal renovacion.

Todo esto se utiliza para realizar en el capitulo 4 un documento que especifica la cantidad de piezas
necesarias para llevar a cabo tal renovacion. Se especifican tanto el total requerido de cada pieza
como el necesario por estructura, para facilitar el trabajo del encargado de obtener las piezas.

Una vez se ha realizado una tabla con todas las piezas involucradas se utilizaran los presupuestos de
Adif para realizar una estimacion de los costes de la renovacién propuesta.



En el quinto capitulo se disefiara el pendolado. Basicamente consiste en la introduccion de ganchos
de suspension a lo largo de la via en los cables de contacto y de sustentacion. Para ello se utilizara
otra norma de GEFF para calcular el espaciado, la localizacion, el largo y el pandeo. También se
calcularan las reducciones necesarias debido a que las alturas de los cables no son standard y a que
hay un aislador de seccidn de alta velocidad entre dos de las estructuras.

Por ultimo, en el sexto capitulo se calculara la distancia eléctrica entre el pantografo y la plataforma.
Para ello se utilizard de nuevo otra norma de GEFF, en la que, conociendo la distancia, medida
siempre paralelamente a la via, entre esta y la plataforma, se puede calcular la distancia deseada.

Para concluir este proyecto, se puede decir que la renovacion ha sido un éxito total. La tecnologia de
catenaria utilizada anteriormente, Mk1, ha sido sustituida por la mas reciente, GEFF. Todas las
diferencias entre ambos han sido analizadas y estudiadas buscando la mayor mejoria posible en la
linea, que es con los sistemas GEFF ya que tienen algunas ventajas sobre el otro.

El objetivo del disefio era reducir al maximo los costes, ya que la renovacion de este tipo de estaciones
es realmente costosa. Puede implicar cortes de trafico durante mucho tiempo o calles cerradas, que
tienen un impacto directo en la sociedad, y el cambio de cables o soportes es realmente caro. Por estas
razones, solo se han sustituido los componentes esenciales. Todos ellos con éxito. S6lo habia un
soporte para el anclaje fijo que no era exactamente la solucién perfecta, ya que el soporte utilizado es
més largo de lo que realmente se necesita, pero como no habia otra opcion se puede utilizar
perfectamente ya que es sélo un defecto visual y no tiene ningln impacto en las estructuras.

También cabe destacar que los resultados de la distancia eléctrica de seguridad muestran que las
estructuras trabajan en las condiciones 6ptimas y dentro de los limites establecidos por las normas, lo
que significa que ninguna medida suplementaria se tiene que tomar.

Para concluir, se ha hecho el proyecto segin las especificaciones y las normas de Gran Bretafia,
ocupandose de cada detalle lo que ha concluido en una renovacion satisfactoria.

Las referencias utilizadas son o bien normas de GEFF en las que se han basado los calculos o bien
libros o articulos utilizados para conocer la historia del ferrocarril y de la electrificacion.



PROJECT SUMMARY

Due to the renewal of the points, of the track and of other elements related with the railway
infrastructure, it will be necessary to update the existing electrification system. Consequently, this
system is analyzed to develop a compromise solution in the design, which takes into account any
variables involved and the possible consequences. Particularly, this project will be focus on a real
case at United Kingdom, having to use the British standards.

The primary motivation of this project is maintaining the improvement of the railway system. As it
has been explained in the previous lines, as technology keeps upgrading day by day the possibility of
introducing this advancement to the system under discussion leads to this project. A few changes at
the OLE structures arrangements, even if they are rather simple, can imply a huge change in both the
functionality and the efficiency of the railway system.

The renewal takes place at Colchester Station, and a layout has been developed in order to fulfil the
client requirements. The approach taken in this case is focused on the support structures and
everything related with these Overhead Line Equipment (OLE) elements, primarily affecting the
structures placed at the railway crossover, which is the most critical zone.

Before proposing the layout, the existing system is analyzed in order to benefit from it, trying to
optimize the amount of new items needed and also the number of them to be removed. The most
remarkable change is the buffer stop, which is placed with a slightly different chainage.

To make all the adjustments that are required, the heights and the staggers records are checked. There
are also a few more variables that must be studied or measured before the design, such as the curvature
ratio and the span length, as all this data will be used in the further geometric calculations. The data
is measured and it must be interpreted, so it is essential to clarify the sign convention that is going to
be used. For example, staggers have two sign conventions, positive and negative, regarding on where
the steady arm and the contact wire are placed in relation with the center line of the pantograph.

There are also other factors with direct impact on the design, as there is some necessary base
information, which encompasses everything from the railway details (predicted worst case wind
speeds, infrastructure and obstructions locations, station and level crossing details, feeding and
switching and sectioning arrangements, signal positions and sighting details) to the environmental,
planning and consents constraints.

The first chapter will be a small introduction to the railway history and the electrification evolution,
paying special attention to all the developments at Great Britain.

The first real step of the project is to develop a calculation tool in Excel with which there will be
calculated diverse parameters that must be taken into account at the time of designing the renewal.
To calculate them a few values will be obtained of the available plane, from the height of the catenary
and contact wires to the span length. Also there is some information on the track curvature, the wind
speed and the mileage of the station.



With all this data, one begins to calculate everything necessary, beginning with the midspan offset.
This is the lateral offset of the static wire position at the mid-point of two registration points.
Basically, it is the horizontal position of the contact bar in relation to the track center line subject to
the air conditions, between two registration points. The ideal value would be zero, which can be
achieved by setting the stagger to the nominal value in opposite directions at successive structures if
it is a tangent structure. If it is a curved track the procedure changes and the stagger should be set
equal to the versine of the curve

Carrying on with the calculations, the next parameter to find is blow off. Basically, it indicates the
amount through which the contact wire is moved at the midspan as a result of maximum wind
conditions perpendicular to the track. So it is going to be calculated for the worst case possible.

Then, the stagger effect is calculated. Due to the stagger, the maximum contact wire deviation may
not occur at the mid-span. Stagger effect is the difference between the deviation at midspan and the
worst deviation in the span under wind conditions. However, the maximum deviation usually does
not occur at the midspan. It will vary depending on the staggers between structures.

Once all these terms are obtained, actual deviation can be calculated. Basically, it is the sum of all of
them. The values obtained will be compared with the maximum permissible deviation Ym. This values
will be decreasing 40 mm each meter that the contact wire is above the nominal value. If the value of
actual deviation is higher than the corresponding one of maximum permissible deviation, then the
actual deviation value will be substitute with the value of Y.

To end with the geometrical part of this project, the variation of the gradient is analyzed to see if the
new variations introduced on the Overhead Contact System meet the requirements. During the train
movement, there is a permissible rate of rise and fall of OLE which is constrained by the ability of
the pantograph, which acts as a spring-mass-damper system, to follow the OLE. If the gradient
obtained is above the target range, appropriate measures should be taken on the design until we obtain
an allowable value that suits the stablished rate.

In the third chapter the first step is comparing both types of technology, Mk1 and GEFF. Basically,
the main difference is a transition from compound to single sagged catenaries. The tension at GEFF
systems, with standard parameters, is of 13.20 kN. It is a bit higher than the respective tension for
the Mk1 system, but as these kind of structures are design to resist overloads the station will support
the little increase of tension. However, this means that changing the wires will demand to adjust the
auto tension system. The speed differs also a bit, GEFF is faster, and the wires are more secure, as
the Mk1 wires are hazardous.

Then, the elements attached to the wires are changed. Starting with the cross contact bar, placed at
any location where the cross over contact wire crosses over the main line contact wire and the piece
is located at the main line contact wire. It constrains both wires to move together although it allows
certain track movement, minimizing the hook over risk by ensuring that the wire run which is not
being lifted by the pan follows the lifted wire.



Then the full current jumpers will be replaced. These jumpers, known as double drapes, are used
when two or more wire runs meet at the same location. If it works correctly, there will be a flow of
traction current from one to the other under normal conditions.

The last structure located at the wires that needs to be replaced is the high speed section insulator.
This element is used in crossovers or, for exceptional occasions, where overlapping to create a
sectioning point is not possible. As the main objective is maximizing both clearance to main line
and horizontal clearance between different electrical sections, it should be located along the track
center of the crossover.

The structures will now be design one by one. No modification is suggested for the down main line
as part of the renewal works. For this part, old layouts and references are used. Also, pictures of the
station are given in order to facilitate this process.

One of the most important conclusions of the designing process is the BOQ, at chapter 4. It consists
on the development of a list of every single piece involved in the renewal process. At this list the
reference of every single component is written and the number needed of each element is also given.

All the costs involved are obtained from the budgets generated by Adif, which is the administrator of
the railway infrastructures at Spain and the borderline countries. They include all the costs for both
supply and installation processes.

On chapter 5 the pendulum design is going to be developed. Basically, it consists of placing
suspension hangers all along the different lines. In this case, they will be set at wires 84, R89 and
R90, which are located at the up main line and at the up & down clancton. There are different things
to choose or select. First of all, the space between them or the sag. Secondly, the length of these
droppers. Although all the parameters are read from GEFF manuals, in this case due to the geometry
of the lines it will be necessary to calculate some reductions to this length. One due to the non-
standard heights of the system and another one because there is a high speed section insulator attached
at wire R89 between structures B51-100 and B51-102.

Lastly, on chapter 6 the objective is measuring the clearance of the structures. There are several
allowances and tolerances that must be taken into account while calculating the distance between a
standing surface and live elements.

If for the final result is not possible to achieve a clearance greater than 3.5 m, there are some options
to improve, such as taking into account the train body as a barrier for mitigation. However, for the
station involved in this case it will not be necessary at all, as the results show that it is working at the
optimal state.

To conclude this project, it can be said that the renewal has been completely successful. The catenary
technology used before, MKk1, has been replaced by the most recent one, GEFF. All the differences
between both have been analyzed and studied looking for the biggest improvement on the line, which
is with the GEFF systems as it has a few advantages over the Mk1 system.



The aim of the design was to reduce the costs as much as possible, as the renewal of this kind of
stations is really expensive. It can involve traffic cuts for a long time or closed streets, which have a
direct impact on the society, and changing wires or supports is really expensive. For these reasons,
only the essential components have been replaced. All of them successfully.

A bill of quantities was done also in order to facilitate the workers job. In this case, it was crucial to
do a list very clear and organized were all the components involved in the different processes were
detail. Then, it was possible to find an approximation of the cost of this renewal using the budgets of
Adif.

Also, the gauging results show that the electrical clearance is working in the optimum conditions and
within the limits stablished by the norms, which means that no extra measures need to be taken.

In conclusion, it has been done according to the specifications and the regulations of Great Britain,
attending to every single detail resulting in a satisfactory renewal.

The references used along the project are GEFF manuals used for calculations or book and articles
related with the history of the railway and the electrification.
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1. Introduction
1.1. Railway history

The railway is a transport system of both people and goods on a fixed railway track. It has several
advantages compared with other transport systems, such as the fuel consumption per kilometer
covered, the lower environmental impact or the possibility of shipping massive loads, which all
together make the railway essential and relevant nowadays.

But, when was the railway developed? The first appearance of a transport system related with it is
dated in the 6™ century B.C. and it was a small line used to transport boats, placing them over
platforms. Slaves were forced to push the platforms along the 3 km line, which was constituted by
rails dug into the rock. This line worked for 600 years and was placed at Corinth, Greece [1].
Numerous researches reveal that also at Egypt, Italy and Malta’s islands there are archaeological
remains of this guiding systems, with vestiges of complex changes of track.

Over the years, the furrows evolve to wood rails that were able to transport carts with flaps in the
wheels to enable their guidance. However, it was not until the medieval at Europe that these systems
reappeared again. There are some references in a few countries. In Germany at the showcase of the
Freiburg Cathedral a railway is depicted [2] and in Austria, a funicular was built in 1515 at
Hohensalzburg fortress. This line used wood rails and a hemp rope moved by humans or animals. It
has been restored and modernized, and nowadays is still working, being one of the oldest systems to
be operating [3].

However, the main development of the railway was executed at Great Britain. During the first half of
18™ century some mines started to substitute the wooden rails for cast iron rails, as they discovered
that the charging trolleys could be handled easier if the wheel’s spin over a rail of metal sheets, just
because the friction was less. These mines, where the wagons were used only to move the products
to the closest waterway, were the first approach to what we call nowadays railway [4].

With the Industrial Revolution, at the beginning of the 19" century, it soon became apparent that
more efficiency was needed at the transportation of raw materials and at the final product distribution.

Richard Trevithick was the engineer that, combining two mechanical principles, the driving force and
the wheel’s guidance, and adapting them into the steam machine, created the first locomotive. The
conjectural model of the engine is shown at Figure 1. It was able to carry 10 tons for 15 km, at Pen
& Darren foundry, at the south of Gales [5].
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CONJECTURAL MODEL OF TREVITHICK'S PENYDARREN ENGINE

Figure 1. Model of Trevithick’s engine

After this progress, the next two decades the railway development grew exponentially. The cast iron
rails were design to withstand the weight of the steam locomotive, which was charged with the task
of supplying the necessary power to drag trains. It was achieved by using rods to connect the wheels
with the rails. This leads to the first railway line open to the public, Stockton-Darlington line, in
northern England in 1825. Initially, it was used as a goods transport line, using horses as driving
force, but it soon evolves and starts moving passengers. It was developed by the mechanical engineer
George Stephenson, who in 1830 opened the first line for the transport of both goods and passengers
which works absolutely with locomotives. It covered the distance Liverpool-Manchester [6].

During the following decades the railway expansion was outrageous, with more than 20.000 km
around Europe. With the construction of railways, the transport in train soon became popular,
although the expansion was guided by the interests of the industry until the second half of the 19"
century. Basically, they were looking for the establishment of a network of railways that would allow
the movement of big and heavy loads for a price that guarantee good benefits for the investors. In
1914 the railway network that we have nowadays was already built, except for the Scandinavian
lands.

In the United States the railway development was powered by the British settlers, who were very
interested in connecting the east coast with the inside zones of the country. The first passenger railway
in these territories was inaugurated in 1830 at Charleston, South Carolina. Soon it started the
expansion from East to West, as traders were convinced by the superiority of railways against other
transport systems used until then, such as canals. They were impressed, not only by its high speed
and by how straightforward the lines were, but by how this railway could work regardless of the
weather conditions or the climate, while water lines could freeze during winter or decrease to
unacceptable levels to sail during summer. In1850s decade, the important inversions were carried out
through concessions by offering the necessary funds to British and American private companies,
which developed the railway network all along the United States, exceeding Europe with more than
50.000 km [7].
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After the 2" World War, the construction of new railway lines in the developed world was focused
on metropolitan lines or suburban railways. The two first countries to impulse these modern railways
in 1960 were France and Japan. The development of modern long-distance passenger trains started
with Japan ahead with the first train bullet, showing that the high speeds were possible. The French
perfected its TGV (Train a Grande Vitesse, 'High speed train’). In 1994 four lines had been completed
for TGV, which broadened the service of high-speed trains from Paris to the North and West of France
and began the lines to the South and the Spanish border, ending by the end of this century. Italians
and Germans have developed its own technology for the new railway lines for high speed and long
distance that have already built and are expanding. The European Union desires to connect these new
national lines to offer international travel by train of high speed without interruptions [8].
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Figure 2. TGV High-speed Lines [9]

In the last quarter of the 20th century, desiring to avoid collapse in the road transport, the secondary
cities could afford a system of urban rail thanks to the renaissance of trams from surface as
economical and effective alternative to the high cost of building a traditional underground metro
system.



1.2. Network Rail

In Great Britain almost the majority of the railway network is owned by the Network Rail, which is
the infrastructure manager too. As a public entity it belongs to the Department for Transport, so it
does not have shareholders. All the income is reinvested in the railroads [10].

Its primary clients are private train operating companies (TOCs), who are in charge of passenger
transport, and freight operating companies (FOCs), responsible for providing train services on the
facilities owned and maintained by the company. The first of September of 2014 the Network Rail
became a public sector body [11].

Although the infrastructure is owned by the Network Rail, both passenger and goods are not included.
Instead, it consists of several elements such as tracks, high voltage equipment, signs, tunnels and
bridges or stations. In any case, it has various storage stocks.

Even though it has in its property more than 2,500 railroad stations, it runs just twenty of the most
crowded and biggest. The rest are controlled and managed by private train operating companies [12].

Network Rail is usually confused with National Rail, but this one is not an organization, just a brand,
which is basically, dedicated to explaining and promoting a large network of passenger railway
Services.

Since 1997, this service had an incredibly growth, doubling the number of passengers. For dealing
with this phenomena, Network Rail is presently undertaking an improvement plan to the network,
valued at more than 38 billion pounds. It includes several things as the electrification of the lines, the
opening of new intercity trains or the construction of a new high speed line.

All this is recorded on the Strategic Business Plan that they evenly publish, were they detail policies,
processes, plans, financial expenditure and other relevant information. In 2013 the last business plan
was published [13]. It contains the division of the railway network into 10 operational routes. All of
them have their own plans, published every single year. They cover a wide number of railroad lines,
generally determined by the geographical conditions of the different areas. Moreover, they are
subdivided into 17 strategic routes, each divided into Strategic Route Sections (SRS). A lot of
information is included in the plans, where it is detailed geographical data of the different routes,
major junctions and stations. Also, it covers the number of tracks, line speeds, electrification, capacity
and other relevant details. Some predictions about the future demand and development of each route
are included, as well as the expected expenditure and the maintenance and investment specifications.

In the present case, the line we are working at is the East Anglia Main Line.
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1.3. Great Eastern Main Line

The Great Eastern Main Line is a 184.3 km railway line, being the primary one on the British railway
system. It connects Liverpool Street station in Central London with several locations along east
London and the East of England. In the following lines the evolution of this line will be explain,

covering different stations. The line can be divided into Main line and Shenfield line.

The first one is composed of the outer suburban and inter-city services between Liverpool Street and
Shenfield. There are numerous branch lines diverging at Romford, Shenfield, Witham, Marks Tey,
Colchester, Ipswich, Stowmarket and Norwich, with through services going to a few locations. The

same rails are used by all the services between Shenfield and Colchester [14].

Station District Branches
London Liverpool Street | City of London
Stratford Newham
Romford Havering Romford to Up minster Line: Up minster
Shenfield Brentwood Shenfield to South end Line: South end
Victoria / South minster
Ingatestone Brentwood
Chelmsford Chelmsford
Hatfield Peverel Braintree
Witham Braintree Braintree Branch Line: Braintree
Kelvedon Braintree
Marks Tey Colchester Gainsborough Line: Sudbury
Colchester Colchester Sunshine Coast Line: Colchester Town /
Clacton-on-Sea / Walton-on-the-Naze
Manning tree Tendring Mayflower Line: Harwich Town
Ipswich Ipswich Felixstowe Branch Line: Felixstowe
East Suffolk Line: Lowestoft
Needham Market Mid Suffolk
Stow market Mid Suffolk Ipswich to Ely Line:
Ely / Cambridge
Diss South Norfolk
Norwich Norwich Wherry Lines: Great Yarmouth / Lowestoft
Bittern Line: Sheringham
Breckland Line: Cambridge

Table 1. Main Line route [15].

The second one is a high-frequency line which works on the slow lines from Liverpool Street to
Shenfield serving suburban stations. The line is, for the most part, inside Greater London, with a pair

of stations in the Brentwood district of Essex.
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Station Zone District
London Liverpool Street 1 City of London
Stratford 3 Newham
Maryland 3 Newham
Forest Gate 3 Newham
Manor Park Y Newham
IIford 4 Redbridge
Seven Kings 4 Redbridge
Goodmayes 4 Redbridge
Chadwell Heath 5 Redbridge
Romford 6 Havering
Gidea Park 6 Havering
Harold Wood 6 Havering
Brentwood n/a Brentwood
Shenfield n/a Brentwood

Table 2. Shenfield Line route [15].

In June 1839 the Eastern Counties Railway (ECR) raise the beginning section of the line at
Devonshire Street in the East End of London and Romford, then in Essex [16]. Next, the Eastern
Union Railway (EUR) built the part of line between Colchester and Ipswich, opening in June 1846
to passenger transportation. A few months later, the Ipswich and Bury Railway company, which is a
sister company of the ECR, constructed a line to Bury St Edmunds [17].

To manage the increasing traffic during the late 19" century an expansion of the double track main
line was needed and new tracks were incorporated. During 1854, between Bow Junction and Stratford
an additional third track was built in order to improve the services that were running on the way to
Stratford from London, Tilbury and South end Railway.

In November 1872 GER started building a permanent terminal at Liverpool Street. In order to comfort
the high level station of Bishopsgate, the low level was used as a temporary terminal. When the
construction was finished at November 1875, the original Bishopsgate station turned into a goods
yard.

During the 1870s there was a fast development of the suburbia in the Forest Gate area, which leads
to the expansion of the suburban trains at several platforms along Forest Gate, IIford, Romford and
Brentwood.

As the passenger traffic keep increasing within the years, a fourth track was added in 1877 between
Bow junction and Stratford, and it was extended during the next years to other junctions like James
Street junction in 1884 or Bethnal Green junction in 1891. Also, two tracks for goods were
incorporated between Stratford and Maryland. The West Anglia Main Line benefits from this
renovation time, as the basement warehousing related with Bishopsgate station built two extra tracks
between Bethnal Green and Liverpool Street to improve the services rendered. The line ended being
quadruplicated to Ilford and even out to Seven Kings in 1899.

There were a few projects to extend the quadruple track. Some were done in 1902, when the line was
expanded from Seven Kings to Romford, others, due to the First World War, were delay until 1913,
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as the expansion out to Shenfield. The Fairlop Loop opened in 1903 and a lot of services were
expanded onto it. The majority of them were looped back and round to the GEML at Stratford [18].

In 1923 the GER was aggregated to the London and North Eastern Railway (LNER). This
organization ended with the inner-suburban operation by quadruplicating the tracks to Shenfield.

There were also electrification plans in the 1930s, focused on electrifying the suburban lines between
Shenfield and Liverpool Street at 1500 V DC. Although they were started, the beginning of the
Second World War stops all the projects, and it was not until 1949 that the electrification adaptation
was concluded. In 1956 it was expanded to Chelmsford [19].

In 1955 the Modernization Plan proposed by the British Railways intend to standardized at 25 kV AC
he overhead line systems. Nevertheless, because of the low clearances under bridges paths were
electrified at 6.25 kV AC. Soon they realized, due to an extensive testing, that it was possible to
tolerate the small electrical clearances with the 25 kV system. In consequence, the voltage was
increased without making any change at all on the tracks along the route as there was no need of
larger clearances. It took almost four years but in 1980 the line between Liverpool Street and South
end Victoria was fully converted. In 1986 it was expanded up to Norwich [20].

The line up to Manning tree was integrated in 1986 into the South east Network. In the following
decades, the First Great Eastern managed the suburban and medium services while the Anglia
Railways run the fast mainline ones. Currently, all the services are conducted by the National Express
East Anglia.
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1.4. Traction history

For millennia, animal traction has been used. The origin of the use of animals for transport and for
the tilling of the soil originally started in the ancient Mesopotamia and in Egypt. In this way, animal
power has contributed to the cultural and economic development. Traction allows to obtain a better
quality product and is less harmful for the fields. These are the main reasons why nowadays, despite
of the evolution and expansion of agricultural mechanization, animal traction is still predominant in
a few regions around the world, such as Asia, where it represents the 25% of the agricultural labors
according to FAO’s estimations [21].

Animal traction had also a huge impact on the railway development. Since the Ancient Mesopotamia,
where animals were used to transport materials, to the medieval at Europe, where wood rail lines
were used to pull a rope to move both persons and goods.

However, the application of the steam engine to railway transport was something revolutionary with
a huge impact in the transport systems development. There are great figures involved with this
achievement, starting with the pioneers Savery and Newcomen, continuing with James Watt and
Richard Trevithick, who in 1804 built the first self-propelled vehicle on guide rails, and ending with
George and Robert Stephenson. Both, father and son, constructed the locomotives that turn them into
the major architects of the railway in England and elsewhere around the globe [22]. At the end of the
1820s the railway system was not restricted to intern transport at mines anymore, as it evolved into a
more modern system where both goods and persons were transport. On the following decades private
companies keep increasing the investment in the construction of new lines, building thousands of
kilometers of rails to connect different places all around the world.

At the same time, investigations with static electricity and magnetism led to the origin of the first
rotating electrical machines and to the transition from steam to electricity in the railway traction.

The birth of the electric traction is in 1879, when the company Siemens & Halske built a small electric
locomotive for the Berlin Industrial exhibition. This locomotive was built for towing wagons with
coal in the German mines, making a circular route of 300 meters and collecting current from a special
rail located on the axis of the road [23].

At the end of the 19" century occurs the great development of the trams, above all in the United
States. The first tram with electric traction that ran in the world was performed in Europe by Siemens
in 1881. A few years later, in 1888, occurs the great expansion of electric traction in the United States
with 33 new railway power lines. This boom in lines construction ends with more than 23.000
kilometers of lines at the beginning of the 20™" century.

From the beginning of investigations in the field of electric traction, the possibility of applying this
to the metropolitan resulted in the first metro line, opened in London in 1890. But not only
metropolitan lines were updated. The rack railways, which are used in sections with very steep slopes,
suffer a constant evolution since 1888, when in United States appeared the first locomotive with an
electrical zip cart, especially in those countries which, like Switzerland, have a mountainous territory
[24]. You can appreciate one at Figure 3.
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Figure 3. Cog railway at Gornergrat, Switzerland

The first appearance of the monorail is produced in the exhibition of Lyon in the year 1872, but it is
not until 1898 in Germany when the monorail begins to operate on a railway line.

While all this advances are achieved, the electrical traction keeps evolving. From the first trials up to
the real application of electricity to the railway traction, there has been a great development technical
this type of traction. Electric locomotives grow in size, power, number of axes and increases its speed.
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1.5. Electrification of the railway

When talking about the application of electricity to the railway traction, the first thing that comes to
mind is the most common electrification system, which consist, mainly, in using an overhead cable
(Overhead Line Equipment) connected to the train through a pantograph. There are various
suspension systems depending on the requirements of the line under consideration. They provide
different elasticity and require support arrangements due to the different support methodology
provided. The suspension arrangement is dependent on the basic design selected as the design range
to be installed. At its simplest, OLE can consist of a contact wire suspended directly from support
structures. This is known as tramway or trolley OLE.

First of all, lets define elasticity. It is the amount of uplift experienced per unit of pantograph force at
a particular location. An idealized OLE system would have uniform elasticity, but this is not possible,
since every assembly attached to the contact wire reduces the elasticity at that point. The best that can
be achieved is to limit the elasticity variation in the system to a level which allows for good current
collection. Locations of excessively low elasticity are known as hard spots.

Although simplest in terms of engineering, the elasticity is typically zero at the support point; for this
reason, it should be used only on very low speed lines for tram networks and heavy rail sidings, and
structure spacing is small due to the lack of support by a catenary at midspan.

In order to improve the elasticity of the tram system a stitch can be added. Here the support is
transferred to the stitch wire, which in turn suspends the contact wire. This is known as Stitched
Tramway.

PN PN

N P

Figure 4. Stitched Tramway OLE

The stitch creates some elasticity at the support; allowing this suspension to be used on tram systems
at speeds up to 80kph.
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The next step is to create a suspension wire running the whole length of the system. The idea is having
a catenary suspended between support points and the contact wire suspended from the catenary by
vertical droppers. This is a simple catenary system as shown in Figure 5.

Figure 5. Simple catenary OLE

This system gives better elasticity at the support and is the simplest system adequate for mainline
railways. It may be used on metros in the UK and heavy rail in Europe at speeds up to 120kph, but it
is not used on heavy rail in the UK.

In an attempt to further reduce the elasticity variation, the next system uses pre-sagged contact wire.
Rather than keeping the contact wire flat across the span, a deliberate amount of sag is introduced,
typically, 1/1000 of the span length (i.e. the distance between structures).

Figure 6. Pre-sagged simple catenary OLE

The purpose of the pre-sag is to compensate for the greater elasticity at the midspan, the uplifted
contact wire position at midspan is closer to the uplifted position at the support. This system is
standard in the UK and France for speeds up to 300kph.

It is also possible to introduce a stitch in simple catenary. The tension in the stitch can be set to reduce

the elasticity at the support points even further. This system is used on high speed lines in Germany
at speeds up to 300kph.
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Figure 7. Stitched Simple Catenary

A further development is the introduction of a third wire — the auxiliary catenary. This gives us the
compound catenary system.

Figure 8. Compound catenary OLE

This also gives very low elasticity variation, and many of the first systems in the UK were compound.
They have fallen out of favor in the UK due to the complexity and maintenance requirements, but
some sections of UK OLE are still compound. Elsewhere in the world it is still widely used: notably
in Japan, where the high speed Shinkansen lines make extensive use of compound equipment at
speeds up to 300kph.

Anyways, in order to make this system work there are plenty of elements involved. First of all, feeder
stations, which normally feed around neutral sections.

Secondly, both Track Sectioning Cabins and Locations, which are normally switch around neutral
sections or around insulated overlaps. Neutral Sections consist of a short section of earthed OLE, with
Automatic Power Control (APC) magnets placed either side of it to prevent traction power being
drawn as a train moves through the neutral section. These systems are crucial to the operation of an
electrified railway as they provide the capability to separate different phase supplies from a 3 phase
supply. It is of paramount importance that no electric train be brought to a stand within the APC
magnet limits, as the train would then be unable to move under its own power.

All switching and sectioning locations have DEPs (Designated Earthing Points) provided to give
secondary protection against inadvertent energization and switch failure. This works by providing a
fixed path for any potential to travel to earth by clipping a wire from a stalk on the live parts to a stalk
on the earthed side.

Following, there are also Booster Transformers. They are provided on many AC electrified routes as
part of the immunization system used to suppress interference with other electrical systems. BTs are
configured so that the primary winding is connected across an electrical break in the wire run, usually
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at an overlap — known as a booster overlap. The secondary winding is connected across an electrical
break in the RC. A pantograph coming to a stand in the booster overlap will short out the BT primary,
and any current flowing in the section will flow through the pantograph head. This can be exacerbated
by a small air gap to one of the wire runs, causing an electrical arc to be drawn. In extreme
circumstances this can lead to contact wire being burned out and a dewirement.

Lastly, sometimes for dynamic performance reasons, electrical breaks in mainline running lines
should be provided by means of a switched overlap, but if it is not practical to provide an overlap
then Section Insulators are used to electrically separate electrical subsections. However, these section
insulators are permissible only on crossovers, loops and sidings, due to their poor dynamic
performance in running lines.

However, there are other electrification systems such as third rail. Method which consists of providing
electric power to a railway train using a continuous rigid conductor placed alongside or between the
rails of a railway track. It is used typically in a mass transit or rapid transit system, which has
alignments in its own corridors, fully or almost fully segregated from the outside environment. In
most cases, third rail systems supply direct current electricity.

Third rail systems are a means of providing electric traction power to railway trains, and they use an
additional rail for the purpose. On most systems, the conductor rail is placed on the sleeper ends
outside the running rails, but in some cases a central conductor rail is used. The conductor rail is
supported on ceramic insulators or insulated brackets.

Nevertheless, this method is not common due to the disadvantages it presents. The most relevant one
is the risk of electrocution for humans and animals. But there are a lot more. Using this method
implicates a considerable increase of the horizontal space occupation and it requires to interrupt it in
steps and level crossings. Moreover, it is not possible to apply AC current due to the skin effect and
the Dc current is limited by the service voltage, between 500 and 800 volts. This restriction enforces
to build the feeding stations much closer. Furthermore, it is a solution whose dynamic behavior is not
as good as the catenary system ones and that does not allow to reach high speeds. The maximum
speed is set at 160 kph, which is really low compared with the 300 kph of the catenary systems.
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1.6. Electrification of British railways

It all started during the last years of the 19" century. Compared with the steam traction that was being
used at that time, the electrification had a lot of advantages, tipping the scales in its favor. The main
ones related with its quick acceleration and its power, which make of it an ideal system for urban,
suburban and heavy freight trains.

The first OLE systems were used with passenger trams. These generally consisted of a simple single
wire system, suspended from poles and buildings, and fed at low voltages. This was preferred to the
previous 3rd rail systems, which had safety implications for on-street running.

The first twenty years of the 20th century saw these principles extended to mainline systems as the
advantages of OLE over 3rd rail became clear. Voltages were increased due to the increasing
distances covered. At the same time, more sophisticated suspension systems were required to
maintain good current collection at increasing line speeds.

After the 2" World War the railways’ priority was rebuilding the battered infrastructure rather than
funding new schemes. Unlike the UK, where overhead electrification proceeded only falteringly, the
rest of Europe installed a large amount of 1500V DC after the war years, and much of this network
still exists.

The 1950s saw increased interest in AC OLE. This was driven by the emergence of reliable industrial
frequency AC technologies in the electricity supply industry. This meant that high voltage, long
distance AC transmission, and by inference, intercity OLE systems, was now feasible. Across Europe,
the 1500V DC standard was dropped in favor of 25kV at 50Hz AC.

The Lancaster to Heysham route, which had pioneered HV AC OLE in 1908, was converted from
25Hz to 50Hz in 1951 to serve as a test bed for industrial frequency supply. These tests confirmed
the choice as the right one. A test scheme was installed between Colchester and Clacton in 1959.
Various types of OLE were trialed, including simple and stitched, but compound was chosen as giving
the best current collection at speed.

It was initially assumed that 25kV AC systems would require substantial electrical clearances to
existing infrastructure. In the UK this would not be possible without reconstruction work, particularly
for many bridges in the vicinity of large stations. For these areas a reduced voltage of 6.25kV was
proposed. Trains would be dual voltage and switch between them on the move as necessary.

Experience on the lines out of Liverpool St, where the 1500V DC lines were converted to 6.25kV
AC, showed that there was excessive caution in the standard clearances. Reduced and Special
Reduced clearances were added, so that 25kV could be adopted throughout. The West Coast Mainline
(WCML) electrification was the first large scale 25kV scheme in the UK. It was first proposed with
6.25kV sections, but was implemented fully at 25kV. The dual voltage locomotives which had been
built for the route were modified to single voltage machines. The existing 6.25kV areas were then
converted to 25kV throughout.

30



While all this renovation was happening at the UK, elsewhere in Europe the possibilities for higher
speed passenger trains using electric traction began to be explored. The French state railway, SNCF,
began a series of experimental runs in the 1950s using a modified 1500V DC system, with the line
voltage increased to 1900V by means of mobile substations.

The tests showed the obstacles that needed to be overcome if speeds over 300kph were to become the
norm. Frictional heat caused the pantographs to collapse, track damage was so great that derailment
was only narrowly avoided.

Japan was the first country to build an electrified mainline railway from scratch. The Tokyo - Osaka
Shinkansen opened in 1964. This was segregated from existing lines, and used 25kV 60Hz AC OLE
rather than the 1500V DC used elsewhere in Japan. The line had no level crossings and was designed
for continuous high speed with line speeds of up to 210kph.

The first TGV line between Paris and Lyon opened in 1981. Since then, additional lines have been
opened, and the TGV concept has been exported to Germany (as the ICE), the US (the Acela) and the
UK (the Channel Tunnel Rail Link).

Figure 9. Extreme gradients on the TGV at Tonnerre, France
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2. Calculations and analysis of the Overhead Contact System geometry

The idea of this chapter is to study the geometry of the renewal that has been proposed and what is
the impact on the station. There are plenty of factors to be calculated and analyzed in order to achieve
the requirements stablished by the contractor and by the health and safety standards. In resume, this
part aims to describe the basic Overhead Contact System geometry calculations that are required to
demonstrate compliance to the Company Standard.

Let’s start at the beginning. The layout used is shown at Annex I. From it a lot of relevant information
will be obtain for the geometric calculations. From a global perspective, there are a lot of important
aspects to take into account, such as the wind speed, which is 22.08 meters per second, the type of
voltage along the different structures, which is a 25 kV Mark 1 Simple Auto Tension, or the different
type of wires. However, the most important information is detailed for every single structure. At
individual level, essential information used for calculations involves both the catenary and the contact
wire height at the OLE structures, and the stagger and the span between these structures. The versine
can be also obtained from the track design. Moreover, the layout shows where the fix anchors are
placed, at what structures the designated earth points are set, which structures have knuckles and the
location of the high speed section insulators and the cross contact bars. It will be really useful at a
later stage, for the design and selection of the new supports.

To begin with the calculations, there are three reference values needed as it was said in earlier lines.
It is needed to know the height of the contact and catenary wires and the stagger at every single
structure. Also the span length is needed. The span length is defined as the distance between adjacent
OLE structures (support and registration). Normally it is represented with an L, and it is used a lot at
the calculations required when a needle renewal is done, as it is a key parameter due to its impact in
the structures. If the span is reduced the blow off and the versine decrease, but it is possible that due
to a smaller pan an extra structure is needed, which means that the costs will increase. So the key is
to find the balance point.

With these parameters the midspan offset is calculated. This is the lateral offset of the static wire
position at the mid-point of two registration points. Basically, it is the horizontal position of the
contact bar in relation to the track center line subject to the air conditions, between two registration
points. The ideal value would be zero, which can be achieved by setting the stagger to the nominal
value in opposite directions at successive structures if it is a tangent structure. If it is a curved track
the procedure changes and the stagger should be set equal to the versine of the curve [25].

Nevertheless, hardly ever versines are the same on consecutive spans. As staggers are shared between
spans, setting the OLE is quite complicated, being a balanced challenge to fulfill the requirements of
each span. And usually there are a lot of transitions between curved and tangent tracks, so it is a
complex process.

Midspan offset can be calculated as:

S, + S (1)
M = 2 nsll 4
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Where
S1, S = staggers at each end of span

V = versine for the span

Following, as the versine, which is the measure of track curvature between two registration points, is
given in the station plans, the track radius will be obtained. On Figure 10 it is represented.

OLE STRUCTURE OLE STRUCTURE

SPAN LENGTH

TRACK CENTRELINE

- -

VERSINE

Figure 10. Versine between two OLE structures

The equation used to calculate the track radius is:

LZ ( 2)
Where
L = span between OLE structures

V = versine between two structures

Carrying on with the calculations, the next parameter to find is blow off. Basically, it indicates the amount
through which the contact wire is moved at the midspan as a result of maximum wind conditions
perpendicular to the track. So it is going to be calculated for the worst case possible [26].

First important measure is the wind speed, which is 22.08 meters per second. Then there are a few factors
to select.

The first one is the seasonal factor Cseason, Which is taken as 1.0. It will always be one unless it is being used
to calculate the lateral deflection of wires.

The second one is the altitude factor Cai, which can be calculated as:
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Cue = 1+0.0014 (3)

Where

A = altitude of the station in meters above sea level

Using google maps Colchester’s altitude is measured as 8 m. So the factor obtained is 1.008.

The third one is the wind direction factor and is picked from Figure 11 as 0.74:

Direction ) W 12 150 180 10 o 70 300

Con

Figure 11. Directional factor, Cgir
The forth one is the probability factor Cpron, which shall be taken as 0.8143 at UK.
The last one is the orography factor Co, which is 1 as the site is not on slope.
Once all this factors are obtained, the next step is calculating the real speed, which can be calculated as:

Vo = Cair * Cseason Cprob * Cqie - v=13.42m/s (4)

Then, two more factors, the exposure ones, are obtained. In this case, both are read from Figure 12 and
Figure 13. In order to read them three factors are used. The overhead clearance of contact wire relative to
track level, which is 5, the upwind distance to the shoreline, which is 21.2 km, and the distance inside the
town terrain, which is 3.4 km.

The values are 2 for the exposure factor and 0.77 for the correction one.
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Both exposure factors are used to calculate the dynamic wind pressure, calculating first the basic velocity
pressure as:

q, = 0.613- V,? =110.26 Nm™2 (9)
And secondly the peak velocity pressure as:

qp = Co(2)- Cor qp = 169.8 Nm™2 (6)
The last but one step is to calculate the wind forces on conductors, which can be find as:

qwe = qp- Gc-d-C.- cos*¢p =125 Nm™* (7

Where

Gc = Structural response factor for conductors is 0.75
d = diameter of conductor wire (12.3 mm)

Cc = Drag factor of conductor is 0.8

@ = angle of incidence of critical wind direction perpendicular to conductor, 0

Finally, the blow off can be calculated. There are two different cases, one for wires R84 and R112, with a
11.30 kN tension, and another one for wires R89 and R90, with an 8.91 kN tension. Both values read from
the layout in Annex . It is calculated as:

_ Awec - L? (8)
8 - Tension

B

All the blow off results are displayed on Annex II.

Then, the stagger effect is calculated. Due to the stagger, the maximum contact wire deviation may not
occur at the mid-span. Stagger effect is the difference between the deviation at midspan and the worst
deviation in the span under wind conditions. However, the maximum deviation usually does not occur at
the midspan. It will vary depending on the staggers between structures. Figure 14 and Figure 15 illustrate
how the parameters defined in this chapter change according to the location of the staggers.
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Figure 14. Midspan offset, blow off and stagger effect for staggers on same side of track

SPAN LENGTH

STAGGER EFFECT

MIDSPAN OFFSET
TOTAL OFFSET

STAGGER

STAGGER

Figure 15. Midspan offset, blow off and stagger effect for staggers on opposite sides of track

Moreover, these staggers can be positive or negative. Positive when the contact wire is on the same
side of the centerline of a static pantograph as the steady arm or negative if the contact wire is
positioned on the opposite side of the centerline of a static pantograph as the steady arm. For an easier
understanding, the stagger is positive under tension and negative under compression.
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Figure 17. Negative stagger

Taking into account the situation between every two structures at Colchester’s station, the stagger
effect is calculated as:

(52 — $1)? (9)

E= T B-"

Where
S1, S2 = staggers at each end of span
V = versine for the span

B = blow off

It is important to highlight that this calculation will be valid as long as (S2 — S1) <4 (B - V), otherwise
the stagger effect will be null as the maximum deviation will occur at the structure.
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The staggers also define the sweep ratio. During the course of travelling between two support points
the contact wire will move across the pantograph (either from side to side or from one side to the
centre line and back again). The distance this wire moves is the sweep and is calculated as:

W=8+S, or W=2 (10)

Where
S1, S = staggers at each end of span

V = versine for the span

Once the sweep is estimated, the ratio of sweep to span length or sweep ratio can be obtained dividing
it by the distance between spans. Usually, it is expressed as 1:x, e.g. 1:250 for 200mm of sweep
throughout a 50 metre span.

Consequently, the found sweep ratio will be compared with the minimum and maximum defined at
the majority of OLE systems. If the minimum sweep ratio is not met, there is a risk of excessive wear
at one point in the span. If the maximum is exceeded, the wire moves too quickly across the pan and
will begin to experience unwanted dynamic effects. However, in order to avoid nonsense results these
criteria should be applied to a complete length of route.

Once all these terms are obtained, actual deviation can be calculated. Basically, it is the sum of all of
them.

Y=B+E+M+V (11)

The values obtained will be compared with the maximum permissible deviation Ym. This values will
be decreasing 40 mm each meter that the contact wire is above the nominal value, so it is calculated,
based upon the Mk1 OLE system, as:

Yy = 400 — [(H —4700) - 0.040] (12)

If the value of actual deviation is higher than the corresponding one of maximum permissible
deviation, then the actual deviation value will be substitute with the value of Y w.

To end with the geometrical part of this project, the variation of the gradient is analyzed to see if the
new variations introduced on the Overhead Contact System meet the requirements. Changes of
gradient direction should be separated by a level span, and in the case of some high speed routes, by
a ‘half-maximum’ span between the maximum gradient and the level span. This prevents any
instantaneous reversal in pantograph travel, leading to loss of contact.

During the train movement, there is a permissible rate of rise and fall of OLE which is constrained
by the ability of the pantograph, which acts as a spring-mass-damper system, to follow the OLE. If
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the gradient obtained is above the target range, appropriate measures should be taken on the design
until we obtain an allowable value that suits the stablished rate.

This gradient is calculated between support points as:

L L
Gz —= — (13)
AH HZ_Hl

Where
L= span length between support points

H1, H2= contact wire height measured at the support points

The actual gradient can be represented as shown at Figure 18.

Hi ey

Figure 18. Actual gradient

Another thing to consider is the maximum gradient, which can be consider as the overall limit.
Usually, the value allowed is defined as the line speed in mph multiplied by 5 (i.e. with 75 mph line
speed the maximum grade would be 1:375). However, some administrations just set an absolute
maximum gradient, i.e. a 0,4% (1 in 250).

The gradient sign can be both positive and negative relying upon the direction. So a negative value is
just an indicator of a downward gradient. If changes of gradient direction occur, some arrangements
will be made. Or a level span is introduced to separate both points, or rather, a half-maximum span
between the maximum gradient and the level span for high speed routes. This measures can prevent
the loss of contact caused by any instantaneous reversal in the pantograph during the ride.

Finally, the change in gradient is analyzed. The actual gradient variation should be equal to or greater than
the maximum change in gradient, which is usually defined as 10 times the line speed in mph. Change in
gradient can be positive or negative dependent upon direction. A negative value indicates a downward
change in gradient

All the parameters explained on this chapter are calculated for the four wires and for all the structures
at Annex II.
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3. Design methodology

On this chapter all the structures affected by the renewal are going to be analyzed, and those who
need to be change will be designed and selected according to the corresponding standards or
regulations.

The main objective is to perform a renewal of the old structure taking advantage of the existing
components. The supports and the lintel are going to withstand the different loads, so these pieces are
the most expensive ones. Main reason why it will be intended to avoid the installation of new
structures. Also, the modifications carried out on a railway station of certain size usually involve
traffic cuts and much more time than renovating minor components.

The first step will be analyzing the old structure plans and studying if it is possible to find a connection
with the modern manuals. Currently, the Great Eastern main line is being upgrade into GEFF, so the
new manuals do not go along with the old ones, which are Mk1. Basically, the main difference is a
transition from compound to single sagged catenaries. All the dimensions from the layouts are in feet
and inches so it will be necessary to convert all the measures into millimeters, in order to select the
new pieces of the structures.

There are some variations between Mkland GEFF to consider. The tension at GEFF systems, with
standard parameters, is of 13.20 kN. In the case of the Mk1 wires installed at the station that is being
subject of study, the tensions are of 11.30 kN and 8.918 kN. This means that changing the wires will
demand to adjust the auto tension system. It is not something too complicated but it is essential for
the proper functioning of the station. The modification to be done is just a readjustment of the balance
weight anchors according to the new tension, or, if these ones cannot be installed, the introduction of
Tensorex units, devices in charge of maintaining mechanical tension in the OLE conductors [27].

The speed differs also a bit. The speed for the GEFF systems can reach the 160 kph, while the Mk1
systems will reach 176 kph if a single pantograph or 120 with a double headed one. However, as this
line operates near a station the speed will be limited, running at less than 96kph. Even though, the
staggers remain the same at both, with values of 230 for tangent tracks and 380 for the outside of the
curve.

One last difference, and probably one of the most important ones is the wires materials. The GEFF
wires are made of CuAg, material with very good resistance to corrosion and adapted to work with
continuous loads at high temperatures. But the Mk1 wires are made of CdCu, which is hazardous and
toxic. So, when changing the wires staff will need to wear specific protections, such as gloves and
masks, and will not be able to drink or eat until they have finished working and they have done the
cleaning procedure.

As the wires are going to be substitute, all the OLE elements placed on the wires need to be removed
and if necessary replaced.

43



The second step, directly related with the first one, is changing the structures attached to the wires.
Starting with the cross contact bar placed right after support B51-100. Basically, this structure is
placed at any location where the cross over contact wire crosses over the main line contact wire and
the piece is located at the main line contact wire. It constrains both wires to move together although
it allows certain track movement, minimizing the hook over risk by ensuring that the wire run which
is not being lifted by the pan follows the lifted wire.

If they are poorly designed or any mistake is done during the installation it can cause a hard spot,
reason why for lines with speeds over 100 mph this structure is substitute with a specially-designed
lightweight cross contact bar and appropriate droppering.

Then the full current jumpers will be replaced. These jumpers, known as double drapes, are used
when two or more wire runs meet at the same location. If it works correctly, there will be a flow of
traction current from one to the other under normal conditions.

Basically, they are made of a single copper conductor from the isolator or booster transformer to the
catenary and two copper flexible stranded conductors from catenary to contact wire. As a full current
jumper is going to be installed after structure B51-100, it will have two jumpers. All the clamps
involved are twin bolt types.

The last structure located at the wires that needs to be replaced is the high speed section insulator
located just before structure B51-102. This element is used in crossovers or, for exceptional
occasions, where overlapping to create a sectioning point is not possible. As the main objective is
maximizing both clearance to main line and horizontal clearance between different electrical sections,
it should be located along the track center of the crossover. They are allowed just on crossovers, loops
and sidings, because of their poor dynamic performance in running lines

The structures will now be design one by one. No modification is suggested for the down main line
as part of the renewal works. All the changes will be done in up main or by pass lines.

The third step is designing ever single structure attending to which supports can be reused and which
ones need to be replaced. Structure B51-91 reference is number 101, B51-96 reference is number 21
and B51-100 references are numbers 1 and 204. Then B51-105 reference number is 25 and the rest
have reference number 2.

44



3.1. Design of structure B51-91

For the design of this structure, the layout and the references used are attached on Annex Ill. The
plans of the new supports are included at Annex IV. For the correct design of the structure a picture
is used as guidance.

Figure 19. Structure B51-91 (at the right of the picture)

The first thing is reading the relevant measures from the layout and converting them into millimeters,
as all the data is in feet and inches. At this structure, the support to renew is number 2, with a 76.2
mm stagger to the left and a contact wire height of 4876.8 mm. The height of the top boom is of
7924.8 mm. From the reference plans we obtain the width of the boom, which is 457.2 mm.

With all these measures it is quite easy to select the correct support. Attending to the old structure
details, the best one will be an under boom with pulley and registration. The suspension wire goes
underneath the pulley, so it is very important to avoid changing its height, as it could disarrange the
rest of structures along the canton. Over the top runs a steel wire, so the key lies in finding the correct
height for this piece.

The lintel space available for it is approximately 3 m wide, which is more than enough as the structure
wide is less than 1.5 m. Also, it will be design to cover the distance between the highest point of the
hole structure, the top boom, and the contact wire, which is 3048 mm.

The first element to design is the registration tube. As a general rule, in order to avoid violent knocks
on the pantograph due to a bad geometric arrangement the 050 type will be selected. It is referenced
in Annex 1V as 371.00244.
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Next, the dropping tube. In this case there are two parameters to choose. The first one is related with
the boom width, which is 457.2 mm, and the second one is related with the drop tube length needed.
As the distance to cover is approximately 3 m and the registration tube adds 500 mm the chosen drop
tube will be type 43 for the first position and type 250 for the second one. It is referenced in Annex
IV as 348.00083.

Then, the curved registration arm with ring is design. In this case, it is written in several manuals that
in order to keep the minimum deviation the chosen type will be type 10. There are some exceptions,
but for the structures involved in this renewal there is no inconvenience in selecting that type. It is
referenced in Annex IV as 442.00096-2.

Following, backing angle and support bracket can be selected at the same time, as both depend
directly on the boom width. For booms between 300 — 460 mm type 30 is picked for both. Their
references at Annex IV are 348.00067-2 and 433.00168 respectively.

The last piece to select are the long shank bolt M16 assemblies. As the support is attached to the plate
and taking into account that it has a thickness of 44.5 mm, if the thickness of the backing angle, which
is 6 mm, and the one of the drop tube, which is 15 mm, are added, it is obtained that type 26 will be
the right one. It is referenced in Annex IV as 396.00009.

All the selected elements are shown at the next list:

120 x 120 x 4.5 Drop Tube (348.00083.43.250)

Long Shank Bolt M16 (396.00009.26)

60 x 60 x 6 Backing Angle (348.00067-2.30)

Support Bracket (433.00168.030)

@48.3 Registration Tube (371.00244.050)

Curved Registration Arm with Ring (442.00096-2.10)
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3.2. Design of structure B51-96

For the design of this structure, the layout and the references used are attached on Annex Ill. The
plans of the new supports are included at Annex IV. For the correct design of the structure two
pictures are used as guidance.

Figure 21. B51 -96 AT structure
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In this case, the objective is to designed the fixed anchor of the 2 wires that go through structure B51-96,
which are wires 112 and 89. To start with, the measures are read from reference 21. The boom height is
1066.8 mm and its width is of 762 mm. The most restrictive parameter is going to be the thickness of both
top and bottom booms, which is only 50.8 mm. With this value the available options are reduced
drastically, being the best solution possible to design a fixed termination to catenary and contact wire, with
an insulator attached to anchor structures with A frame. It is known that it has this frame due to the tower
to the left of the given layout. It is shown at Figure 22.

L
LONDOMN,

Figure 22. A frame reference

Before starting the selection, lets remark the difference between fixed terminations and midpoint
anchors. For fixed terminations equipment the wire run is constrained at every support and therefore
does not need further constraint while for auto tensioning equipment is constrained at the midpoint
of the tension length by means of a Midpoint Anchor. Each half of the wire run is free to move
according to ambient temperature.

In the given structures there are no balance weight anchors, but if in any structure affected there are
any components of this type they must be readjust to achieve the new tension.
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Now, let’s began with the selection. The first component to choose is the plate. This element has 4
holes for assemblies. Two of them for the vertical tube, which has a diameter of 120 mm, and that are
separated 140 mm to have a bit of margin. The other two are for the boom. In this case the length to
cover must be smaller than the corresponding value for factor B, so, as the boom has a thickness of
114.3 mm, the type selected is A200. To see all the factor references, go to see Annex IV, structure
523.00317.

Then, the 120 x 120 x 4.5 vertical tube can be chosen. Analyzing the references shown at Annex I,
as the boom height is of 7112 mm and the contact wire height for the anchor support is 5257.8 mm,
a suitable length to cover this distance is 1900 mm. So type 190 is selected. It is referenced in Annex
IV as 523.00318.

The last component to design is the threaded bar M16 assembly. There are a lot of lengths available
but, attending to the clamping range maximum distance allowance, to cover the 305 mm of boom
width the one that fits best is type A160. It is referenced in Annex IV as 396.00011.

For this structure the designed components are:

. 120 x 120 x 4.5 Vertical Tube (523.00318.190)

. Plate (523. 00317.A200)

. Threaded Bar M16 Assembly (396. 00011.A160)
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3.3. Design of structure B51-100

For the design of this structure, the layout and the references used are attached on Annex Ill. The
plans of the new supports are included at Annex IV. For the correct design of the structure two
pictures are used as guidance.
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Figure 23. B51-100 structure

Figure 24. B51-100 FA
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In this case there are two supports that are going to be changed. They correspond with supports 4 and
5 in the reference layout attached at Annex Ill. Both have the same characteristics and the same
measures, so the same support will work for both. However, support 4 contact wire height is a bit
higher, so maybe one component varies.

The first thing is reading the relevant measures from the layout and converting them into millimeters,
as all the data is in feet and inches. Support 4 has a 228.6 mm stagger to the left and a contact wire
height of 4902.2 mm while support 5 has a 152.4 mm stagger to the right and a contact wire height
of 4876.8 mm. The height of the top boom is of 7924.8 mm. From the reference plans we obtain the
width of the boom, which is 457.2 mm.

With all these measures it is quite easy to select the correct support. Attending to the old structure
details, the best one will be an under boom with pulley and registration. The suspension wire goes
underneath the pulley, so it is very important to avoid changing its height, as it could disarrange the
rest of structures along the canton. Over the top runs a steel wire, so the key lies in finding the correct
height for this piece.

The first element to design is the registration tube. As a general rule, in order to avoid violent knocks
on the pantograph due to a bad geometric arrangement the 050 type will be selected.

Next, the dropping tube. In this case there are two parameters to choose. The first one is related with
the boom width and the second one is related with the drop tube length needed. As the distance to
cover is approximately 3 m and the registration tube adds 500 mm the chosen drop tube will be type
43 for the first position and type 300/310 for the second one for supports 4 and 5 respectively.

Then, the curved registration arm with ring is design. In this case, it is written in several manuals that
in order to keep the minimum deviation the chosen type will be type 10. There are some exceptions,
but for the structures involved in this renewal there is no inconvenience in selecting that type.

Following, backing angle and support bracket can be selected at the same time, as both depend
directly on the boom width. For booms between 300 — 460 mm type 30 is picked for both.

The last piece to select are the long shank bolt M16 assemblies. As the support is attached to the top
boom, which has a thickness of 76.2 mm according to the reference 3001, if the thickness of the
backing angle, which is 6 mm, and the one of the drop tube, which is 15 mm, are added, it is obtained
that type 26 will be the right one.

One extra thing to design for this structure is the designated earth points. Basically, they are locations
where portable earths are applied to OLE to allow electrical isolations to be taken. The structure will
be provided with DEP spigots to allow attachment of portable earths.
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The only element to design is the earthing bolt assembly, and for the drop tube diameter that is used
along the supports, type 12 is the one that fits best. It is referenced in Annex IV as 472.00057.

The las thing to design is the fixed anchor attached to the mast. In this case the support will be similar
to the one used for structure B51-96, but in this case attached to the mast.

The first component to choose is the plate. This element has 4 holes for assemblies. Two of them for
the vertical tube, which has a diameter of 120 mm, and that are separated 140 mm to have a bit of
margin. The other two are for the boom. In this case the length to cover must be smaller than the
corresponding value for factor B, so, as the boom has a thickness of 228.6 mm, the type selected is
A240. To see all the factor references, go to see Annex IV, structure 523.00317.

Then, the 120 x 120 x 4.5 vertical tube can be chosen. Analyzing the references shown at Annex I,
as the boom height is of 7924.8 mm and the contact wire height for the anchor support is 5181.6 mm,
a suitable length to cover this distance is 2800 mm. So type 280 is selected.

The last component to design is the threaded bar M16 assembly. There are a lot of lengths available
but, attending to the clamping range maximum distance allowance, to cover the 457.2 mm of boom
width the one that fits best is type A160, with a clamping range of 470.

All the selected elements for supports 4 and 5 are shown at the next list:

120 x 120 x 4.5 Drop Tube (348.00083.43.300 / 348.00083.310)
Long Shank Bolt M16 (396.00009.26)

60 x 60 x 6 Backing Angle (348.00067-2.30)

Support Bracket (433.00168.030)

?48.3 Registration Tube (371.00244.050)

Curved Registration Arm with Ring (442.00096-2.10)

Earthing Bolt Assembly (472.00057.12)

For this structure the FA components are:

. 120 x 120 x 4.5 Vertical Tube (523.00318.280)

. Plate (523. 00317.A240)

. Threaded Bar M16 Assembly (396. 00011.A160)
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3.4, Design of structure B51-102

For the design of this structure, the layout and the references used are attached on Annex Ill. The
plans of the new supports are included at Annex IV. For the correct design of the structure a picture
is used as guidance.
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Figure 25. B51-102 structure

In this case there are four supports that are going to be changed. They correspond with supports 3,4,5
and 6 in the reference layout attached at Annex IlI.

The first thing is reading the relevant measures from the layout and converting them into millimeters,
as all the data is in feet and inches. Support 3 has a 228.6 mm stagger to the right and a contact wire
height of 4876.8 mm. The height of the top boom is of 8382 mm. From the reference plans we obtain
the width of the boom, which is 609.6 mm.

With all these measures it is quite easy to select the correct support. Attending to the old structure
details, the best one will be an under boom with pulley and registration. The suspension wire goes
underneath the pulley, so it is very important to avoid changing its height, as it could disarrange the
rest of structures along the canton. Over the top runs a steel wire, so the key lies in finding the correct
height for this piece.

The first element to design is the registration tube. As a general rule, in order to avoid violent knocks
on the pantograph due to a bad geometric arrangement the 050 type will be selected.
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Next, the dropping tube. In this case there are two parameters to choose. The first one is related with
the boom width, which is 609.6 mm, and the second one is related with the drop tube length needed.
As the distance to cover is approximately 3.5 m and the registration tube adds 500 mm the chosen
drop tube will be type 53 for the first position and type 300 for the second one.

Then, the curved registration arm with ring is design. In this case, it is written in several manuals that
in order to keep the minimum deviation the chosen type will be type 10. There are some exceptions,
but for the structures involved in this renewal there is no inconvenience in selecting that type. It is
referenced in Annex IV as 442.00096-2.

Following, backing angle and support bracket can be selected at the same time, as both depend
directly on the boom width. For booms between 460 — 620 mm type 46 is picked for both. Their
references at Annex IV are 348.00067-2 and 433.00168-2 respectively.

The last piece to select are the long shank bolt M16 assemblies. As the support is attached to the top
boom, which has a thickness of 76.2 mm according to the reference 3002, if the thickness of the
backing angle, which is 6 mm, and the one of the drop tube, which is 15 mm, are added, it is obtained
that type 26 will be the right one.

Then supports 4 and 5 are designed. Both are just a pulley system so the design process is quite short,
as is just a part of the support 3 selection that has already been done. The pieces to design, which are
the long shank bolt M16 assemblies, the backing angle and the bracket support, are chosen in the
same way.

Support 6 is a bit more complex. For this one a twin catenary support with a return conductor is
proposed. This one has a 76.2 mm stagger to the right and a contact wire height of 4876.8 mm.

The first elements to select are the attachments frames below and above. Both depend on the boom
width, which in this case is 609.6 mm, so type 53 is chosen for both. Their references at Annex IV
are 353.00291 and 353.00291-1 respectively.

Next, the long shank bolt M16 assemblies. As the support is attached to the top boom, which has a
thickness of 76.2 mm according to the reference 3002, if the thickness of the attachment frame below,
which is 10 mm, and the one of above, which is 10 mm, are added, it is obtained that type 26 will be
the right one.

Now, the registration tube is selected. As a general rule, in order to avoid violent knocks on the
pantograph due to a bad geometric arrangement the 050 type will be selected. But, in this case, due
to the geometric of the given drop tube the right choice is using type 030.

Following, the dropping tube is design. In this case there is only one parameter to choose, related
with the drop tube length needed. As the distance to cover is approximately 3.5 m and the registration
tube adds 300 mm the chosen drop tube will be type 325. It is referenced in Annex IV as 348.00111.
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Then, the curved registration arm with ring is design. In this case, it is written in several manuals that
in order to keep the minimum deviation the chosen type will be type 10. There are some exceptions,
but for the structures involved in this renewal there is no inconvenience in selecting that type.

About the return conductor, there will be four pieces to design. It is important to take into account
that the height of this return conductor is 6553.2 mm.

With that height to cover and knowing the width of the top boom, the chosen drop tube positions are
type 53 for the first position and 180 for the second one. It is referenced in Annex 1V as 348.00071.

Then, the return conductor insulator assembly attached to the mast will be designed. As the mast
width is 304.8 mm, according to the layout specifications, the type that fits best the requirements is
type 24. It is referenced in Annex IV as 472.00055.

The other pieces to select are the backing angle and the long shank bolt M16 assemblies. For the first
one, the same type as the one chosen for the catenary support will be selected. For the second one,
although the thickness varies a little bit, as this drop tube is 5 mm thicker, type 26 is still the best
possible option.

One extra thing to design for this structure is the designated earth points. The only element to design
is the earthing bolt assembly, and for the drop tube diameter that is used along the supports, type 12
is the one that fits best. It is referenced in Annex IV as 472.00057.

All the selected elements for support 3 are shown at the next list:
. 120 x 120 x 4.5 Drop Tube (348.00083.53.300)

. Long Shank Bolt M16 (396.00009.26)

. 60 x 60 x 6 Backing Angle (348.00067-2.46)

. Support Bracket (433.00168-2.046)

. ?48.3 Registration Tube (371.00244.050)

. Curved Registration Arm with Ring (442.00096-2.10)

For supports 4 and 5:

. Long Shank Bolt M16 (396.00009.26)

. 60 x 60 x 6 Backing Angle (348.00067-2.46)
. Support Bracket (433.00168-2.046)

55



For support 6:

120 x 120 x 4.5 Drop Tube (348.00111.325)

Long Shank Bolt M16 (396.00009.26)

Attachment Frame Above (353.00291.53)
Attachment Frame Above (353.00291.53)

@?48.3 Registration Tube (371.00244.030)

Curved Registration Arm with Ring (442.00096-2.10)
Curved Registration Arm with Ring (442.00096-2.10)

For the return conductor at support 6:

DEPs:

120 x 120 x 4.5 Drop Tube (348.00071.53.180)
Long Shank Bolt M16 (396.00009.26)

60 x 60 x 6 Backing Angle (348.00067-2.46)
Return Conductor Insulator Assembly (472.055.24)

Earthing Bolt Assembly (472.00057.12)

56



3.5. Design of structure B51-103

For the design of this structure, the layout and the references used are attached on Annex Ill. The
plans of the new supports are included at Annex IV. For the correct design of the structure a picture
is used as guidance.
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Figure 26. B51-103 structure

In this case there are three supports that are going to be changed. They correspond with supports 3,4
and 5 in the reference layout attached at Annex Ill. Supports 3 and 5 have the same characteristics
and almost the same measures, so the same support will work for both. However, support 5 will have
an extra element, as a return conductor will be added.

The first thing is reading the relevant measures from the layout and converting them into millimeters,
as all the data is in feet and inches. Support 3 has a 76.2 mm stagger to the right and a contact wire
height of 4876.8 mm, while support 5 has a stagger of 203.2 to the right and the same contact wire
height. The height of the top boom is of 8382 mm. From the reference plans we obtain the width of
the boom, which is 609.6 mm.

With all these measures it is quite easy to select the correct support. Attending to the old structure
details, the best one will be an under boom with pulley and registration. The suspension wire goes
underneath the pulley, so it is very important to avoid changing its height, as it could disarrange the
rest of structures along the canton. Over the top runs a steel wire, so the key lies in finding the correct
height for this piece.
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The first element to design is the registration tube. As a general rule, in order to avoid violent knocks
on the pantograph due to a bad geometric arrangement the 050 type will be selected.

Next, the dropping tube. In this case there are two parameters to choose. The first one is related with
the boom width, which is 609.6 mm, and the second one is related with the drop tube length needed.
As the distance to cover is approximately 3.5 m and the registration tube adds 500 mm the chosen
drop tube will be type 53 for the first position and type 300 for the second one.

Then, the curved registration arm with ring is design. In this case, it is written in several manuals that
in order to keep the minimum deviation the chosen type will be type 10. There are some exceptions,
but for the structures involved in this renewal there is no inconvenience in selecting that type.

Following, backing angle and support bracket can be selected at the same time, as both depend
directly on the boom width. For booms between 460 — 620 mm type 46 is picked for both.

The last piece to select are the long shank bolt M16 assemblies. As the support is attached to the top
boom, which has a thickness of 76.2 mm according to the reference 3002, if the thickness of the
backing angle, which is 6 mm, and the one of the drop tube, which is 15 mm, are added, it is obtained
that type 26 will be the right one.

About the return conductor added for support five, there will be four pieces to design. It is important
to take into account that the height of this return conductor is 6553.2 mm.

With that height to cover and knowing the width of the top boom, the chosen drop tube positions are
type 53 for the first position and 180 for the second one.

Then, the return conductor insulator assembly attached to the mast will be designed. As the mast
width is 304.8 mm, according to the layout specifications, the type that fits best the requirements is
type 24.

The other pieces to select are the backing angle and the long shank bolt M16 assemblies. For the first
one, the same type as the one chosen for the catenary support will be selected. For the second one,
although the thickness varies a little bit, as this drop tube is 5 mm thicker, type 26 is still the best
possible option.

Now let’s designed support number 4. In this case, a knuckle will be designed. This support is facing
right and has 101.6 mm of stagger to the left. When there is no option of using a registration arm to
achieve registration, normally at complex junctions or crossover areas, this component is used. As
they introduce a hard spot onto the system because of the fact that they are unsupported and as they
can lead to an excessive differential movement if the two wire runs move at different rates along-
track with temperature, they are not preferred for heavy rail systems. However, they are extensively
used on older systems in complex areas such as stations and junctions like this one at Colchester.
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The selection of the pieces is already done, as the elements to design, the long shank bolt M16
assemblies, the backing angle and the support bracket are exactly the same as for supports 3 and 5.

All the selected elements for support 3 and 5 are shown at the next list:
. 120 x 120 x 4.5 Drop Tube (348.00083.53.300)

. Long Shank Bolt M16 (396.00009.26)

. 60 x 60 x 6 Backing Angle (348.00067-2.46)

. Support Bracket (433.00168-2.046)

. @48.3 Registration Tube (371.00244.050)

. Curved Registration Arm with Ring (442.00096-2.10)

For the return conductor at support 5:

. 120 x 120 x 4.5 Drop Tube (348.00071.53.180)

. Long Shank Bolt M16 (396.00009.26)

. 60 x 60 x 6 Backing Angle (348.00067-2.46)

. Return Conductor Insulator Assembly (472.055.24)

For support 4:

. Long Shank Bolt M16 (396.00009.26)

. 60 x 60 x 6 Backing Angle (348.00067-2.46)
. Support Bracket (433.00168-2.046)
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3.6. Design of structure B51-105

For the design of this structure, the layout and the references used are attached on Annex Ill. The
plans of the new supports are included at Annex IV. For the correct design of the structure a picture
is used as guidance.
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Figure 27. B51-105 structure

In this case there are three supports that are going to be changed. They correspond with supports 3,4
and 5 in the reference layout attached at Annex Ill. Supports 3 and 5 have the same characteristics
and the same measures, so the same support will work for both. However, support 5 will have an
extra element, as a return conductor will be added.

The first thing is reading the relevant measures from the layout and converting them into millimeters,
as all the data is in feet and inches. Both supports have a 228.6 mm stagger to the right and a contact
wire height of 4876.8 mm. The height of the top boom is of 8382 mm. From the reference plans we
obtain the width of the boom, which is 609.6 mm.

With all these measures it is quite easy to select the correct support. Attending to the old structure
details, the best one will be an under boom with pulley and registration. The suspension wire goes
underneath the pulley, so it is very important to avoid changing its height, as it could disarrange the
rest of structures along the canton. Over the top runs a steel wire, so the key lies in finding the correct
height for this piece.

The first element to design is the registration tube. As a general rule, in order to avoid violent knocks
on the pantograph due to a bad geometric arrangement the 050 type will be selected.
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Next, the dropping tube. In this case there are two parameters to choose. The first one is related with
the boom width, which is 609.6 mm, and the second one is related with the drop tube length needed.
As the distance to cover is approximately 3.5 m and the registration tube adds 500 mm the chosen
drop tube will be type 53 for the first position and type 300 for the second one.

Then, the curved registration arm with ring is design. In this case, it is written in several manuals that
in order to keep the minimum deviation the chosen type will be type 10. There are some exceptions,
but for the structures involved in this renewal there is no inconvenience in selecting that type.

Following, backing angle and support bracket can be selected at the same time, as both depend
directly on the boom width. For booms between 460 — 620 mm type 46 is picked for both.

The last piece to select are the long shank bolt M16 assemblies. As the support is attached to the top
boom, which has a thickness of 76.2 mm according to the reference 3002, if the thickness of the
backing angle, which is 6 mm, and the one of the drop tube, which is 15 mm, are added, it is obtained
that type 26 will be the right one.

About the return conductor added for support five, there will be four pieces to design. It is important
to take into account that the height of this return conductor is 6553.2 mm.

With that height to cover and knowing the width of the top boom, the chosen drop tube positions are
type 53 for the first position and 180 for the second one.

Then, the return conductor insulator assembly attached to the mast will be designed. As the mast
width is 304.8 mm, according to the layout specifications, the type that fits best the requirements is
type 24.

The other pieces to select are the backing angle and the long shank bolt M16 assemblies. For the first
one, the same type as the one chosen for the catenary support will be selected. For the second one,
although the thickness varies a little bit, as this drop tube is 5 mm thicker, type 26 is still the best
possible option.

Now let’s designed support number 4. In this case, the proposed structure is an under boom support
with registration and push off plus a drop tube and a pulley. This support is facing right and has 304.8
mm of stagger to the left.

As the contact wire height for this one is 5486.4 mm the chosen drop tube will be selected as type 53
for the first position, to cover the boom width, and as type 290 for the length.

61



Then, the catenary support is going to be chosen. The first piece to design is the top mast bracket,
which depends on the drop tube. For the one at issue, type MB100 covers the tube diameter, of 120
mm. It is referenced in Annex IV as 353.00304.

The second one is the registration tube, which covers two panels of the lintel. Every panel has a length
of 1066.8 mm based on the reference details shown at Annex 111, so the selected tube will be type 21.
It is referenced in Annex IV as 353.00273.

Both thickness and width of the boom remain the same, so the support bracket, the backing angle and
the long shank bolt M16 assemblies chosen for this support are exactly the same as for supports 3 and
5. These pieces are also applied to the pulley, as their design process is the same.

All the selected elements for support 3 and 5 are shown at the next list:

120 x 120 x 4.5 Drop Tube (348.00083.53.300)

Long Shank Bolt M16 (396.00009.26)

60 x 60 x 6 Backing Angle (348.00067-2.46)

Support Bracket (433.00168-2.046)

?48.3 Registration Tube (371.00244.050)

Curved Registration Arm With Ring (442.00096-2.10)

For the return conductor at support 5:

120 x 120 x 4.5 Drop Tube (348.00071.53.180)
Long Shank Bolt M16 (396.00009.26)

60 x 60 x 6 Backing Angle (348.00067-2.46)
Return Conductor Insulator Assembly (472.055.24)

For support 4:

Top Mast Bracket (353.00304.MB100)

Long Shank Bolt M16 (396.00009.26)

60 x 60 x 6 Backing Angle (348.00067-2.46)
Support Bracket (433.00168-2.046)

?48.3 Registration Tube (353.00273.21)

120 x 120 x 4.5 Drop Tube (348.00071.53.290)
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3.7. Design of structure B51-106

For the design of this structure, the layout and the references used are attached on Annex Ill. The
plans of the new supports are included at Annex IV. It is exactly the same as the structure before, so
every single selection is designed as for structure B51-105. For the correct design of the structure a
picture is used as guidance.
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Figure 28. Structure B51-106

In this case there are three supports that are going to be changed. They correspond with supports 3,4
and 5 in the reference layout attached at Annex Ill. Supports 3 and 5 have the same characteristics
and the same measures, so the same support will work for both. However, support 5 will have an
extra element, as a return conductor will be added.

The first thing is reading the relevant measures from the layout and converting them into millimeters,
as all the data is in feet and inches. Both supports have a 228.6 mm stagger to the right and a contact
wire height of 4876.8 mm. The height of the top boom is of 8382 mm. From the reference plans we
obtain the width of the boom, which is 609.6 mm.

With all these measures it is quite easy to select the correct support. Attending to the old structure
details, the best one will be an under boom with pulley and registration. The suspension wire goes
underneath the pulley, so it is very important to avoid changing its height, as it could disarrange the
rest of structures along the canton. Over the top runs a steel wire, so the key lies in finding the correct
height for this piece.
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The first element to design is the registration tube. As a general rule, in order to avoid violent knocks
on the pantograph due to a bad geometric arrangement the 050 type will be selected.

Next, the dropping tube. In this case there are two parameters to choose. The first one is related with
the boom width, which is 609.6 mm, and the second one is related with the drop tube length needed.
As the distance to cover is approximately 3.5 m and the registration tube adds 500 mm the chosen
drop tube will be type 53 for the first position and type 300 for the second one.

Then, the curved registration arm with ring is design. In this case, it is written in several manuals that
in order to keep the minimum deviation the chosen type will be type 10. There are some exceptions,
but for the structures involved in this renewal there is no inconvenience in selecting that type.

Following, backing angle and support bracket can be selected at the same time, as both depend
directly on the boom width. For booms between 460 — 620 mm type 46 is picked for both.

The last piece to select are the long shank bolt M16 assemblies. As the support is attached to the top
boom, which has a thickness of 76.2 mm according to the reference 3002, if the thickness of the
backing angle, which is 6 mm, and the one of the drop tube, which is 15 mm, are added, it is obtained
that type 26 will be the right one.

About the return conductor added for support five, there will be four pieces to design. It is important
to take into account that the height of this return conductor is 6553.2 mm.

With that height to cover and knowing the width of the top boom, the chosen drop tube positions are
type 53 for the first position and 180 for the second one.

Then, the return conductor insulator assembly attached to the mast will be designed. As the mast
width is 304.8 mm, according to the layout specifications, the type that fits best the requirements is
type 24.

The other pieces to select are the backing angle and the long shank bolt M16 assemblies. For the first
one, the same type as the one chosen for the catenary support will be selected. For the second one,
although the thickness varies a little bit, as this drop tube is 5 mm thicker, type 26 is still the best
possible option.

Now let’s designed support number 4. In this case, the proposed structure is an under boom support
with registration and push off plus a drop tube and a pulley. This support is facing right and has 304.8
mm of stagger to the left.

As the contact wire height for this one is 5486.4 mm the chosen drop tube will be selected as type 53
for the first position, to cover the boom width, and as type 290 for the length.
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Then, the catenary support is going to be chosen. The first piece to design is the top mast bracket,
which depends on the drop tube. For the one at issue, type MB100 covers the tube diameter, of 120
mm.

The second one is the registration tube, which covers two panels of the lintel. Every panel has a length
of 1066.8 mm based on the reference details shown at Annex 111, so the selected tube will be type 21.

Both thickness and width of the boom remain the same, so the support bracket, the backing angle and
the long shank bolt M16 assemblies chosen for this support are exactly the same as for supports 3 and
5. These pieces are also applied to the pulley, as their design process is the same.

All the selected elements for support 3 and 5 are shown at the next list:

120 x 120 x 4.5 Drop Tube (348.00083.53.300)

Long Shank Bolt M16 (396.00009.26)

60 x 60 x 6 Backing Angle (348.00067-2.46)

Support Bracket (433.00168-2.046)

@48.3 Registration Tube (371.00244.050)

Curved Registration Arm With Ring (442.00096-2.10)

For the return conductor at support 5:

120 x 120 x 4.5 Drop Tube (348.00071.53.180)
Long Shank Bolt M16 (396.00009.26)

60 x 60 x 6 Backing Angle (348.00067-2.46)
Return Conductor Insulator Assembly (472.055.24)

For support 4:

Top Mast Bracket (353.00304.MB100)

Long Shank Bolt M16 (396.00009.26)

60 x 60 x 6 Backing Angle (348.00067-2.46)
Support Bracket (433.00168-2.046)

@48.3 Registration Tube (353.00273.21)

120 x 120 x 4.5 Drop Tube (348.00071.53.290)
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4. Bill of quantities

One of the most important conclusions of the designing process is the BOQ. It consists on the
development of a list of every single piece involved in the renewal process. At this list the reference
of every single component is written and the number needed of each element is also given.

It is really important to avoid any possible mistake as this is one of the most important steps off the
renewal process due to the relevancy of it. If any component is missing or the reference is incorrect
it can lead to a geometrical failure or to an assembly problem.

Making it clear and simple will make the person in charge life easier and will accelerate the hole
process of the renewal. For this reason, the table makes up the difference between the cost per
structure and the cost per component. It is decision of the supervisor to choose which one will be use
for the selection process.

All the costs involved are obtained from the budgets generated by Adif, which is the administrator of
the railway infrastructures at Spain and the borderline countries. They include all the costs for both
supply and installation processes.

The obtained BOQ is attached at Annex V.
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5. Pendulum design

On this chapter the pendulum design is going to be developed. Basically, it consists of placing
suspension hangers all along the different lines. In this case, they will be set at wires 84, R89 and
R90, which are located at the up main line and at the up & down clancton.

There are different things to choose or select. First of all, the space between them or the sag. Both are
read from the GEFF tables attached at Annex V1. The spacing is measured between the axes of the
hangers.

The other parameter to obtain is the length of these droppers. It will be measured from the suspension
wire to the contact wires. Although it can be read from the tables available at GEFF manuals, in this
case due to the geometry of the lines it will be necessary to calculate some reductions to this length.
They can be obtained using the next equation:

X
R = Hy— Hy+(Hi— Hy) -7 (14)

Where:

R = reduction in mm

Hs = system height on which the table is based

H1, H2 = distance between contact and suspension wires
x = distance to the droppers from one end of span

L = span length

For a better understanding watch Figure 29.

Figure 29. Adjustment for non-standard system heights

All the results obtained are attached at Annex VI.
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One last reduction need to be calculated as there is a high speed section insulator attached at wire R89
between structures B51-100 and B51-102. This reduction must be added to the earlier ones, as they
are complementary. In this case, the equation used is:

W-x-y (15)

Where:

R = reduction in mm

X, y = distance of point load to end of span
W = weight on point load (N)

T = catenary tension (N)

L = span length
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Figure 30. Adjustment for point load in span

For droppers to left of point load y is taken to the left hand end span and x to the right one. For
droppers on the right is vice versa.

As the section insulator is placed closer to B51-102, the reduction along the corresponding six
droppers will be different. The reductions obtained are:

R (HSSI)
22,37
77,17
131,96
186,76
241,56

89,47

Table 3. Reductions due to the section insulator
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6. Platform Gauging

The main objective of this chapter is measuring the clearance of the structures. There are several
allowances and tolerances that must be taken into account while calculating the distance between a
standing surface and live elements. Figure 31 illustrates this process.

Live component

E
Design Contact Wire Height
OCS Construction & Maintenance Tolerance
Ice Loading and Pre-Sag’
Pantograph
@
¥
y
Platform Tolerance’
Design Platform Level
I Infrastructure Tolerance’

Design Track Level

A ~ Electrical clearance to fixed OCS components, including
insulators, generally fixed regardless of contact wire position.

B — Electrical clearance to contact wire.

C — Electrical clearance to pantograph.
'To include temperature relsted sag for fixed termination equipment
? Only applicable for new build platforms

? Worst case to be applied where applicable iLe. track low, platform high.

Figure 31. Calculation of clearances at public platform areas

In order to measure the clearance dimensions a straight line will be used from the platform edge to
the nearest live part, of the infrastructure or of the pantograph. Platform, track and OCS related
construction and maintenance tolerance are included in the measurement, although the uplift and the
sway are discard. The track cant will also affect the clearance measures.

If for the final result is not possible to achieve a clearance greater than 3.5 m, there are some options
to improve, such as taking into account the train body as a barrier for mitigation. However, for the
station involved in this case it will not be necessary at all, as the results show that it is working at the
optimal state [28].

It is calculated for two lines using the data from the layout at Annex I. This information is given in
miles and feet, so the first thing to do is converting them into meters, as the Colchester’s platform
gauging reference tables use meters.
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Then x and y are read from the data sheets. Both coordinates indicate the distance between the
platform and the railway line, measured parallel to this last one.

Finally, using the contact wire height, the width of the railway track obtained from the layouts at
Annex |11 and Figure 32 all the electrical clearances are calculated.

0.320m

0.800m
- -

Contact Wire Haight m’ i
]

0.915m

0. 730m

NOTES:
1. Dimension X showing the string line from the platform edge.
2 Dimension ¥ showing the use of the train body as a barrier.
3. All other dimensions given for reference only.
4

Pantograph dimensions can be found in BS EN 50367 Figure B.6 & A6

Figure 32. Overview of measurement points

It is not too complicated once all the distances are obtained from the layouts and the data sheets, as it
is only calculating the distance between two points whose coordinates are known.

As it has already been said, it can be appreciated on the results that every electrical clearance is greater
than 3.5 m, so there is no need of taking extra decisions.
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The results for the up main line are attached on Table 4.

Location Chainage (m) Horiz (X) Vert (Y)  Oversail (Z) Coper Depth x(m)

B5191 83.066,23 768 813 533 109 4,10
83.120,18 767 919 472 106 4,00
83.146,70 754 899 438 106 4,01
83.203,39 763 899 467 104 3,97
83.230,82 737 958 394 70 3,95
83.281,42 751 907 447 104 4,01

B 51 106 83.344,51 724 962 490 100 3,95

Table 4. Electrical clearance results for up main line
The results for the up & down clacton line are attached on Table 5.

Location Chainage (m) Horiz (X) Vert (Y)  Oversail (Z) Coper Depth  x(m)
B 51100 83.146,70 754 899 438 106 4,01
B 51102 83.203,39 763 899 467 104 3,97
B51103 83.230,82 737 958 394 70 3,95
B 51105 83.281,42 751 907 447 104 4,01
B 51106 83.344,51 724 962 490 100 3,95

Table 5. Electrical clearance results for up & down clacton line
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7. Conclusions

To conclude this project, it can be said that the renewal has been completely successful. The catenary
technology used before, MKk1, has been replaced by the most recent one, GEFF. All the differences
between both have been analyzed and studied looking for the biggest improvement on the line, which
is with the GEFF systems as it has a few advantages over the Mk1 system.

These advantages are present at different sectors, going from better properties, with wires carrying a
bit more tension, to safer elements, as the material of the wires of the Mkl were really toxic and
harmful for the workers. Although there is a difference in the voltage carried by the wires, it is quite
small, just a few kilovolts. So, as the whole installation was constructed for the worst case possible,
design to support overload situations, it was possible to reuse the elements as they would resist the
little increase off tension.

In order to accomplish this renewal a calculation tool was developed using excel in order to obtain
all the necessary data to perform the different design processes. It covers different aspects of the line,
from the geometrical calculations to the support hangers’ parameters and the platform gauging.

The aim of the design was to reduce the costs as much as possible, as the renewal of this kind of
stations is really expensive. It can involve traffic cuts for a long time or closed streets, which have a
direct impact on the society, and changing wires or supports is really expensive. For these reasons,
only the essential components have been replaced. All of them successfully. There was only a support
for the fixed anchor which was not exactly the perfect solution, as the bracket used is longer than
what is really need, but as there was no other choice it can be used perfectly as it is only a visual
defect and it does not have any impact on the running lines. A bill of quantities was done also in
order to facilitate the workers job. In this case, it was crucial to do a list very clear and organized
were all the components involved in the different processes were detail. Then, it was possible to find
an approximation of the cost of this renewal using the budgets of Adif.

Also, the gauging results show that the electrical clearance is working in the optimum conditions and
within the limits stablished by the norms, which means that no extra measures need to be taken.

In conclusion, it has been done according to the specifications and the regulations of Great Britain,
attending to every single detail resulting in a satisfactory renewal.
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8. Future developments

Ideally, it would have been better to have a more global scope, concerning a bigger extension of the
lines. Going further of the limits of Colchester’s station would allow to study and analyze the impact
of every single structure involved out of the limits of the station, which permits to evaluate the real
impact of the renewal. However, it goes far beyond the level of a final degree project. In this project
only a small renewal is taking place. In fact, performing a renewal of this caliber would imply a
renewal of the whole canton.

Also, it would have been great to generate cross sections layouts, such as the old ones used at the
design chapter. They can be developed using design tools such as micro station, and they are usually
a standard requirement. As the elaboration of the plans of every single support involved is a lot of
work, and it would request a lot of delineation hours it exceeds the requirements of a final degree
project.

Finally, it should be noted that is quite complicated to gather information from the Mk1 systems. The
majority of the layouts are really old and quite worn. Some were illegible. Some just were impossible
to found. However, the GEFF system is completely different. There are plenty of manuals and
references available, and all of them are clear, clean and organized, which allows an easier decision
making process.
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ANNEX |

Colchester’s station layout

On the next picture the layout is shown. However, for a better resolution use the link given below.
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ANNEX II

Colchester’s station geometrical calculations

Location Wire Stagger (mm) Contact wire height (mm) Catenary height (mm) Structure Span (m) Track radius (m) Versine (mm) Midspan offset (mm) Blow off (mm) Stagger effect(mm) Actual deviation(mm) Ym (mm) Contact wire gradient Gradient variation

B 5191 R112 10
54 2803,85 130

280

10 4900 6890
54 2803,85 130 275 40,42 -50,86 391,20 391,2 2700

280 4920 6700 15525,0
23 1889,29 35 -130 7,33 0,00 390,80 390,8 2300

-610 4930 6910 -1040,5
7| 1900

225 4900 6930 -1308,9
31 2036,02 59 234 13,32 -13,68 292,64 392 -775

125 4860 6350 1503,0
48 1932,89 149 316,5 31,94 -3,86 393,60 393,6 -1600

210 4830 6340
63 2129,29 233 463 55,02 -0,56 394,80 394,8

250 4830 6910

Table 6. Up main line calculations

No calculations are done at Up passenger loop line as there is no need and no data, it is just an existing structure.

Location Wire
B 51 91 R112 EXTG
B 51 96 R112 EXTG

Table 7. Up passenger loop line calculations
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Location Wire

Stagger (mm) Contact wire height (mm) Catenary height (mm) Structure Span (m) Track radius (m) Versine (mm) Midspan offset (mm) Blow off (mm) Stagger effect (mm) Actual deviation(mm) Ym (mm)

Contact wire gradient Gradient variation

B 5196 R89

B 51100

B51102

B51103

B51105

280 5280 6770
26 2414,29 35 -130 11,88 0,00 376,80 376,8 -144
-610 5100 6760
-370
-130 4930 6680
31 -3432,14 -35 -95 16,89 0,00 390,80 390,8
10 4930 6770
48 989,69 291 1385 40,50 -26,35 374,40 374,4 117
-315 5340 6700 -162
63 2420,12 205 -120 69,78 -0,18 154,59 368,4 420

B 51106
B51102 _[Ro0 |

5490

6740

B51103__lRo0 |

B51105 _[Ro0 |

31 -3432,14 -35 200 16,89 0,00 391,60 3916 775
330 4910 6870
48 989,69 291 641 40,50 -0,40 391,60 3916
370 4910 6850
63 2420,12 205 520 69,78 -5,59 391,60 3916
260 4910 6820

Table 8. Up & Down Clancton line calculations
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ANNEX

Colchester’s station structures layouts and references

For the design of structure B51-91:
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For the design of structure B51-96:
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For the design of structure B51-100:
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Figure 38. B51-100 old structure details

For the design of structure B51-102:
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Figure 40. B51-102 old structure details

For the design of structure B51-103:
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Figure 42. B51-103 old structure details
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Figure 44. B51-105 old structure details
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Figure 46. B51-106 old structure details
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Figure 80. Plate layout
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ANNEX V

BOQ
Cost B51-91 B51-96 B51-100 B51-102 B51-103 B51-105 B51-106
Support 2 FA Support 4 FA Support5 | Support3 | Support4 | Support5 | Support6 | Support3 | Support4 | Support5 | Support3 | Support4 | Support5 | Support3 | Support4 | Support5

120 x 120 x 4.5 Drop Tube 6467,83 1 0 1 0 1 1 0 0 0 1 0 2 1 1 2 1 1 2
Long Shank Bolt M16 970,2 6 0 6 0 6 6 2 2 4 6 2 10 6 4 10 6 4 10
60 x 60 x 6 Backing Angle 1940,36 3 0 3 0 3 3 1 1 0 3 1 5 3 2 5 3 2 5
Support Bracket 4365,9 1 0 1 0 1 1 1 1 0 1 1 1 1 2 1 1 2 1
Strut Insulator Small, 25 kV/ 5619,45 1 0 1 0 1 1 0 0 2 1 0 1 1 0 1 1 0 1
(48.3 Registration Tube 5675,67 1 0 1 0 1 1 0 0 2 1 0 1 1 1 1 1 1 1
Registration Arm Ring Fitting 2837,835 1 0 1 0 1 1 0 0 2 1 0 1 1 0 1 1 0 1
Curved Registration Arm With Ring 3405,402 1 0 1 0 1 1 0 0 2 1 0 1 1 0 1 1 0 1
Contact wire swivel clip 3746,34 1 0 1 0 1 1 0 0 2 1 0 1 1 1 1 1 1 1
Long-Rod Insulator 25 kV 5844,29 1 2 1 2 1 1 1 1 0 1 1 1 1 2 1 1 2 1
Pulley for Catenary 4870,242 1 0 1 0 1 1 1 1 0 1 1 1 1 1 1 1 1 1
Flexible copper continuity jumper 5112,17 1 0 1 0 1 1 0 0 2 1 0 1 1 0 1 1 0 1
Return Conductor Insulator Assembly 4389,85 0 0 0 0 0 0 0 0 0 0 0 4 0 0 4 0 0 4
Top Mast Bracket 3744,39 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0
Long Rod Insulator Small, 25 kV 13112,05 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0
Clevis Clamp 4973,13 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0
Suspended Double Hinge 12432,815 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0
Suspension Clamp 7459,7 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0
Dropper 4703,4 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 2 0
Support 9406,83 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0
120 x 120 x 5 Drop Tube Assembly 8234,32 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
Attachment Frame Above 12542,44 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
Attachment Frame Below 12542,44 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
Earthing Bolt Assembly 6344,6 0 0 1 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0
Earth Application Point Assembly 8610,6 0 0 1 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0
U Bolt M16 Assembly 1164,24 0 4 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
120 x 120 x 4.5 Vertical Tube 2023,02 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Threaded Bar M16 Assembly 2247,804 0 8 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Plate 1881,366 0 4 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Termination Bracket Assembly 3135,61 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Clevis and Tongue Assembly 3802,6 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Dead end clevis (S 70) type, stainless 3.993 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Dead end clevis (Fd 120) type, stainless 4880 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total cost per stucture

59587,409

66625,596

215710,814

217413,927

169924,76

260441,265

260441,265

Table 9. BOQ
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Total cost per component

97017,45
87318
83435,48
742203
674334
79459,38
34054,02
40864,824
50448,76
122730,09
73053,63
61346,04
52678,2
7488,78
26224,1
9946,26
24865,63
149194
188136
18813,66
823432
12542,44
12542,44
253784
344424
9313,92
4046,04
35964,864
15050,928
12542,44
152104
7985,44
9760




ANNEX VI

Suspension hangers GEFF reference and results

Dropper allocation:

The first dropper is located at c2/2=4m from the support. Further droppers are spaced equally
sccording 1o the tables below. Maximum number of droppers per span s 7.

Se0 Drawings 440 1.0493-3.01,02 and 03 for Dropper Lengths,

Dropper spaoing is caloulated with the following formula
1 = (e 02)* (Nwwwes = 1)

i

3
14
%2‘ Mutew Standard Wieght kg Date | vame
!igg O S nv  [orawe 14.04.2008 [hevnecs
Szala Checvad
| Dropper Allocation and Spacing Reased | 11053000 Jva
fs : Rulees o
2 Crder Mo 440 1 D452
iigi a'@ Repince by
E E‘ Sze | Substitite for
$3fE| WNetwork Rail Furrer+Frey |[Sel M Jamte
Sg- 1 g I ik
=3s| EE - G | 440.1.0493-3.01.01

Figure 82. Dropper allocation and spacing reference
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Figure 83. Sag reference

124




125



The tables below show the dropper lengths for an encumbrance of 1.80m
See Drawing 440.1.0403-3.01.01 for Dropper Spacing

Catenary of 70mm2 Bzll, automatically tensioned at 12kN, and loaded with dropperns
and a contact wire of 120mm2 CuAg0 1

Al s e reserved offh reapect 10 Pas docurend s s corteet

B & proradiiad 10 Spbcate Pe document b whok o i part
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Figure 84. Dropper length reference
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Wire Location Contact wire height (mm) Catenary height (mm) Structure Span (m) c1(m) c2(m) number of droppers 11 (m) 12 (m) 13 (m) R1(mm) R2 (mm) R3 (mm) 11c (m) 12¢ (m) 13c (m) f1(m) f2(m) f3(m)

R84 B 5191 4900 6890
54 11,5 8 5 1,654 0,866 0,772 -174,44 -129,72 -85,00 1,48 0,74 0,69 0,15 0,43 0,53
4920 6700
26 9 8 3 1,228 1,17 -10,77 -80,00 1,22 1,09 0,07 0,13
4930 6910
57 9,8 8 6 1,139 0,865 0,727 -183,51 -192,11 -200,70 0,96 0,67 0,53 0,16 0,44 0,57
4900 6930
31 11,5 8 3 1,214 1,12 -224,84 -210,00 0,99 0,91 0,09 0,18
4860 6850
48 10 8 5 1,165 0,951 0,879 -191,67 -195,83 -200,00 0,97 0,76 0,68 0,14 0,35 0,42
4830 6840
63 11 8 6 1,123 0,778 0,605 -214,44 -226,67 -238,89 0,91 0,55 0,37 0,18 0,52 0,70
4830 6910
Figure 85. Wire 84 results
Wire Location Contact wire height (mm) Catenary height (mm) Structure Span (m) c1(m) c2(m) mber ofdroppe I1(m) 12 (m) 13 (m) R1 (mm) R2 (mm) R3 (mm) 11c (m) 12¢ (m) 13c (m) f1(m) f2(m) f3(m)
R89 B 5196 5280 6770
26 9 8 3 1,228 1,17 283,85 225,00 1,51 1,40 0,07 0,13
5100 6760
57 9,8 8 6 1,139 0,865 0,727 133,68 118,21 102,74 1,27 0,98 0,83 0,16 0,44 0,57
4930 6680
31 11,5 8 3 1,214 1,12 38,39 5,00 1,25 1,13 0,09 0,18
4930 6770
48 10 8 5 1,165 0,951 0,879 0,00 100,00 200,00 1,17 1,05 1,08 0,14 0,35 0,42
5340 6700
63 11 8 6 1,123 0,778 0,605 446,98 466,19 485,40 1,57 1,24 1,09 0,18 0,52 0,70
R89 B 51106 5490 6740
Figure 86. Wire R89 results
Wire Location 't wire heightnary height (ucture Span( c1(m) c2(m) berofdropr 11(m) 12 (m) 13 (m) R1(mm) R2 (mm) R3 (mm) 11c (m) 12c (m) 13c (m) f1(m) f2(m) f3(m)
R90 B 51 102 4870 6800
31 11,5 8 3 1,214 1,12 -133,87 -145,00 1,08 0,98 0,09 0,18
R0 851103 4910 6870
48 10 8 5 1,165 0,951 0,879 -158,33 -154,17 -150,00 1,01 0,80 0,73 0,14 0,35 0,42
R0 851105 4910 6850
63 11 8 6 1,123 0,778 0,605 -138,10 -132,86 -127,62 0,98 0,65 0,48 0,18 0,52 0,70

R90 B 51106 4910 6820

Figure 87. Wire R90 results
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