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Resumen

Actualmente se estima que las vias de ferrocarril a nivel mundial contienen aproximadamente tres billones de durmientes, de los cuales 400 millones son
de hormigén. Conjuntamente, sobre el 50% de la demanda mundial por durmientes (estimada en 20 millones anualmente) fue por durmientes de hormigén;
ademas, entre el 2% y 5% de los durmientes de hormigén son utilizados en reemplazar elementos dafiados. La durabilidad del hormigén, sin embargo,
depende de muchos factores. En este contexto se debe hacer notar que el proceso de prefabricacion de elementos de hormigon industrial en planta difiere
de la fabricacion in-situ, lo que les da a los primeros caracteristicas que los hacen destacar en términos de durabilidad. En general, se sabe que el proceso
de activacion de cenizas volantes permite obtener un material con caracteristicas cementantes similares a aquellas del cemento Pértland. En realidad, las
cenizas volantes activadas con alcalis es un procedimiento singular en el cual el residuo resultante de la combustion de carbén en plantas termoeléctricas
es mezclado con disoluciones alcalinas que curadas bajo ciertas temperaturas generan materiales resistentes. A diferencia del hormigén tradicional, este
nuevo tipo de hormigén puede alcanzar altas resistencias en un periodo muy corto de tiempo (1 dia) ademéas de desarrollar una durabilidad excelente.
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Abstract

Nowadays, the tracks that comprise the world railway network are estimated to contain nearly three billion sleepers, over 400 million of which are made
of concrete. At the same time, over 50% of the world demand for sleepers (around 20 million units per year) was for the concrete version; and between
2% and 5% of the concrete ties that are laid on tracks every year are to replace or renew worn elements. Concrete durability, however, depends on many
factors. And in this context it should be noted that the characteristics of the in-plant industrial process involved in manufacturing precast concrete units
differs in a number of ways from in situ construction, vesting these units with properties that distinguish them, in terms of durability, from in situ concrete
under the conditions generally prevailing on construction sites. Generally speaking, it is widely admitted that the activation process of fly ashes allows
obtaining a material with similar cementing features to those characterising Ordinary Portland Cement. Actually, the alkali activation of fly ashes is a singular
procedure by which the powder originated in the power plants is mixed with certain alkaline dissolution and cured under a certain temperature to make
solid materials. Contrary to conventional concrete, however, this new type of concrete can attain high strength over a very short time (1 day) and do develop
excellent durability properties.
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1. Sleepers with pre-tensioned reinforcement made using the long line process

The monobloc sleeper for railway tracks is a
small sized pre-stressed concrete element (it can come
under the term “lightweight precast”) but it is of significant
economic importance in overall railway infrastructure
because of its vast use.

Although it is a small item, it is not necessarily
a simple one because it is subject to extraordinarily small
dimensional tolerance demands and it is exposed to
extremely harsh atmospheric conditions (damp - dry

reversals, high temperatures in summer, winter frosts,
etc.) and to important stress under very heavy vehicle
loading, with frequent dynamic action that can cause
fatigue problems.

Getting this product manufactured with all the
determining terms of reference and at minimum cost
turns it into a complicated element, in spite of its size,
but this can be accomplished with more or less success
by using different procedures:
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= post-stressed sleepers

= pre-stressed sleepers in individual moulds

= pre-stressed sleepers with pre-tensioned reinforcement,
using the “long line process”

Long line process installation at the factory
consists of a series of multiple moulds placed one after
the other thus forming one line or long casting bed
(~100m approximately). Tensing elements and transitory
reinforcement anchors are placed at the ends of this bed
(see Figure 1).

Active reinforcement is placed along the casting
bed and tensed at the ends prior to concreting. When the
concrete is sufficiently resistant, the reinforcement anchors
are slowly and gradually released so that pre-stressed
force is introduced into the sleepers where the
reinforcement is still anchored by adherence.

There is no cladding, no conduits around the
reinforcement, no special anchor pieces, no slurry
injection. Reinforcement is made from taut, straight cords
perfectly adhered to the concrete. In more sophisticated
long line systems, before releasing the reinforcement
anchor at the ends of the casting bed, the whole line is
demoulded by lowering the mould with the aid of a
hydraulic system.

Figure 1. Sleepers factory. Long line process

Sleepers made by using this process and installed
for seven years on tracks belonging to the Spanish railway
network offer a series of specific advantages, including:

= They ensure better final track geometry (essential for
high speed)

= They are more resistant to lateral stress on track.

= They provide very important allowances that could
be required in advance in compliance with static,
fatigue and dynamic testing.

= They guarantee uniform behaviour and similar useful
life on track due to the simultaneous manufacture
of a large number of sleepers.

1.1 Uniform distribution of tendons. Tension by
introducing pre-stress

It is known that tensile tension appears in areas
where pre-stress is introduced and that this is caused by
the deflection of the compressive static stressing (isostatics)
from a series of located loads concentrated at one extreme,
up to a flat distribution of tension, at a distance that
depends on the loads and the transverse size of the unit.
The control and limitation of these tractions is vitally
important since they can create longitudinal fissures that
evidently might adversely affect the operability and
durability of the piece. In the case of sleepers with pre-
tensioned reinforcement the problem is significantly
minimized, thanks to two circumstances:

Figure 2. End of a sleeper

a) The design foresees a very uniform distribution of a
large number of tendons that each has reduced strength
(around 12 units) (see Figure 2).

b) The anchor is not materially concentrated at the end
in a plate (mechanical type anchor) but by gradual
transmission along the transfer length.

Uniform distribution and gradual transmission of the
pre-stress produce a very slight deflection on the
isostatics and therefore the amount of traction is kept
to limited values, very distant from the tensile strength
of concrete, therefore any danger of fissuring is
completely avoided.

1.2 Fissure control under exceptional loads

The high adherence of pre-tensioned
reinforcement required for the introduction of pre-stress
over a short distance and anchored to active reinforcement
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