Channel Tunnel Rail Link (CTRL 410)

Construction of a 3.2km tunnel to carry the Channel Tunnel Rail Link (CTRL).

A collaboration of an international joint venture (which resulted in the exchange of knowledge
and experience between the designers and those who executed the actual construction work)
brought together the latest developments in tunnel construction from around the world. This
resulted in the tunnel being handed over five months ahead of schedule and at a cost saving
of over £5 million. The success of the North Downs Tunnel is a direct consequence of
professionals from all disciplines working together in partnership and a spirit of open co-
operation regardless of their role as designer, contractor, project manager or client.

Key Benefits
Y - B Our innovative design and construction
. V= methods saved the Client £5m and five
months from the programme. This was
achieved by adopting a truly integrated team
approach to the challenges the contract
posed.

Our incentive to capture and implement the
Client’s requirements promoted significant
value engineering initiatives which were
actively pursued by Rail Link Engineering.
These initiatives included: -

- Data on rock behaviour obtained during tunnel driving allowed the redesign of the bench and
invert driving, as well as optimisation of the invert of the secondary lining. This allowed
refinement of the geotechnical parameters (creep and in-situ stress) for the design of the
lining. This made it possible to construct a flat invert for a considerable length of the tunnel,
with an inverted arch necessary for only short sections at the portals.

- Alternative waterproofing (replacing crack control reinforcement and water bar with
waterproof membrane over the vault of the tunnel for its entire length).

- Installation of a permanent quality primary lining which would work in combination with the
secondary lining to accommodate the long term loads on the lining (known as concentric shell
design).

The implementation of the above meant that significant changes were made to the original
tunnel design. This resulted in significant savings being made by the simplification of the
tunnel invert, the removal of the requirement for rebar from the tunnel lining, the reduction in
the thickness of the primary lining, and the removal of crack control reinforcement by the
adoption of a waterproofing membrane. The critical path activity of reinforcement-fixing was
removed from the programme, achieving significant time savings.

Selection of construction methods plant and equipment

The selection of plant and equipment was one of the major reasons why it was possible for us
to exceed the planned progress for this project. The Sprayed Concrete Lining support system
used also played a significant role in making this project successful.

The tunnel was excavated using the crown, bench and invert method. The crown heading
was driven the full length of the tunnel before the bench, except in the portal areas where the
overburden was shallow. In these areas early ring closure was obtained, with the use of an
arch-invert to reduce the settlement effects. In the other areas of the tunnel the invert was flat.

Excavation of the flat invert was undertaken using a ‘surface miner’. This meant that the



impact on the rock surface was kept to a minimum, thus reducing overbreak and therefore
reducing material required for filling the overbreak. It also permitted a flat horizontal surface to
be cut, ready for the finishing works.

The invert was cut ahead of the finishing works. This enabled a conventional road finisher to
be used to install a 10cm concrete base course, which was compacted using a vibrating
roller. The considerable accuracy with which this was laid provided a sound foundation upon
which the reinforced concrete invert could then be constructed. Along the sides of the tunnel,
prefabricated reinforcement cages were positioned on the base course which allowed the
reinforcement mat to be rolled out using minimal labour ahead of the continuous concrete
pour. The main reinforcement for the invert was installed prior to concrete pouring, supported
by the edge reinforcement cages.

Rails made from steel channel were positioned on these cages at the exact height of the
finished invert level of the tunnel. On these channels a levelling beam would be laid to install
the main invert concrete to the correct level. The concrete was discharged using a mobile
concrete pump, this being positioned on the base course, which enabled the invert to be laid
continuously up to a construction joint. This technique meant that invert could be poured in
one continuous pour which only required five construction joints for the length of the tunnel.
The adoption of these 'production line* methods not only provided cost and time savings by
prefabricating the reinforcement off line and reducing the number of joints required, but
contributed to the achievement of 1,000,000 man-hours without a reportable accident.

Environmental

The successful translocation of an ancient woodland to allow for the tunnel portal and our
environmental management of a local aquifer resulted in our nomination for the
Environmental Award for Kent Business.

Safety

By the selection of modern tunnelling techniques and management systems coupled with the
professionalism of our construction teams 1,000,000 man-hours were achieved without a
Health and Safety Executive reportable injury.

Technical Data

This partnering contract is part of the high
speed Channel Tunnel Rail Link and was let
as two contracts. Package 350 consisted of
the Medway Crossing and Package 410
consisted of a tunnel under Bluebell Hill,
alignment earthworks and three bridges over
the alignment. The works were carried out by
Eurolink, a joint venture company between
Morgan Est, Dumez GTM of France and
Beton-und Monierbau of Austria.

The 3.2km tunnel consists of a sprayed
concrete primary lining (SCL) and in-situ reinforced concrete secondary lining. The finished
tunnel has twin rail tracks running through it with a cross sectional area (CSA) of 150m2,
making it one of the largest (in terms of csa) tunnels in the UK. The 120 year design-life
required of the tunnel, guaranteed by demanding specifications and a comprehensive quality
management system of self-certification, was a major challenge. It could be achieved by
experienced and competent participants together with the willingness of the contractor and
client to work in a true partnering relationship.

In between the Medway Crossing (also constructed by Eurolink) and tunnel, lie the bulk
alignment earthworks, which included cuttings and embankments. The overall length of the
earthworks is 3.8km.

A section of ancient woodland was translocated to make way for one of the tunnel portals.
The woodland was lifted and repositioned adjacent to an existing wood away from the track



alignment.



