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Arched Support Structure

This application relates to the construction of underground
structures in tunnel excavations without causing surface disruption.
This type of excavation technique has been developed in the last 30
years and there is a growing need to install structures such as, for
example, traffic underpasses, below an existing rail track or highway
without stopping the use and operation of the same.  Another

example is the creation of a metro station below a busy street or

property.

The problem with traditional tunnelling techniques is that for safety
reasons there is required to be a depth of soil of approximately 2 to
3 times the diameter of the tunnel which is to be excavated, above
the said tunnel. This renders the traditional techniques impractical
and so a number of conventional methods have been developed and
are now used which reduce the requirement for such a great depth
of soil to be provided above the tunnel. These methods are based
on the principle of jacking pre-cast structure units into the
excavated area, as the same is excavated to form a structure as the
tunnel is formed. The formation of the structure allows the support
of the tunnel as it is formed without the need to cause disruption to

services or property on the surface.

A known approach is to prepare the structure to be installed at the
side of the excavation and then jack it horizontally into position in
the excavation. This has the disadvantage of requiring large

constructions to be formed at the side and an extended area to be
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prepared for carrying out the work, usually of at least the same
dimensions as the installation. It is also a process that is time
consuming as a great deal of preparatory work has to be done in

forming the working areas and casting the structure units.

A second known approach is a modular approach where a series of
pre-cast units are jacked, one on top of another, to form piers and
abutments. This is a system which has found extensive use but has
the disadvantage of not providing a complete solution to the
problem as, although the majority of the excavation work can be
completed without disruption it is necessary at some stage to
complete the work by taking possession of the excavation so as to

allow installation of the spanning beams.

A third known approach is to create a structure of arch shaped cross
section which is formed by a series of relatively small section tubes
which run along the length of the structure. This provides a canopy
which allows excavation to take place safely underneath.  The
disadvantages with this is that it is difficult and expensive to place
all the tubes in position and, normally it is necessary to provide
props for the arch across the base of the same and put in
temporary support beams to support the tube arch and these

procedures are required to be undertaken as work progresses.

The aim of the present invention is to provide an improved process
of supporting material excavations by utilising a modular pre-cast
unit based on the principle of using units formed of an arch shape

such that a series of said units allow an arch structure to be formed,
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said arch being an efficient form of carrying live and dead loads and
therefore well suited to creating an underground structure. The
approach is to pre-cast arch panels, erect them in the excavated area

and jack the assembled elements forward to form the structure.

In a first aspect of the invention there is provided a support
structure which can be used to support excavated areas during
and/or following excavation, said support structure including a
series of upstanding arch shaped sections, positioned along the
length of the excavated area, one after the other, said arch sections

introduced as the area is excavated.

In a preferred embodiment the support structure is formed with
arch section ends being located in and along a series of supporting
units. In one preferred embodiment the units have recessed
sections, which, when the units are laid end to end, form a track
along which the arch sections can slide when jacked. Typically, two
linear tracks are formed, said tracks spaced apart by a distance

determined by the space between the ends of said arch sections.

Typically, the arch sections and/or supporting units are pre-cast.
Yet further, each of the arch sections are formed from a series of

panels, constructed on site and prior to insertion into the tunnel.

In a further aspect of the invention, there is provided a method for
forming a support structure for an excavated area during and/or
after excavation of the same, said method comprising, as the tunnel

is excavated, pushing or jacking a series of arch sections in an



WO 99/19603 PCT/GB98/03007

4

upstanding position one after another into said excavated area, so

that an arch shaped support structure is formed.

Typically the excavated area is a tunnel and the method comprises
the steps of jacking a series of arch sections at intervals to increase
the length of the support structure into the tunnel as the tunnel is
excavated. The activity of the tunnel excavation takes place to the

front of the first of the arch sections introduced.

In one embodiment, supporting units are first positioned in the
excavation to act as bases and guides along which the arch

structures are introduced.

In one embodiment, the supporting units extend upwardly to form
the side walls of the arch shaped structure and it is the curved arch
sections which are introduced to form the arch shaped structure.
Alternatively the arch sections include both the roof and side walls

when jacked into the excavation.

The method of the invention has a number of technical and
economic advantages. Arch sections can be formed from a number
of panels by factory fabrication, delivered to site and connected

together to form the arch.

In one embodiment a temporary shield can be fitted at the leading
face, i.e. in front of the first arch section, which allows excavation
work to be undertaken safely. This shield is recovered at the end

of the excavation and can be re-used for excavations thereafter.
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Similarly, a shield can be provided at the front of each supporting

unit to allow excavation to proceed safely.

The use of arch panels reduces the temporary working areas
required at the excavation site and requires less heavy handling

equipment, than with conventional techniques.

Typically, the ends of the panel sections are located in tracks
formed by a series of supporting units which are jacked into the
tunnel and the method further includes the step of jacking said
supporting units into the tunnel to provide tracks of a sufficient
length to receive the arch sections to form the support structure and
therefore may be advanced to a further position into the excavation
than the arch sections.  Typically, the units are required to be
manipulated after jacking to expose recessed portions to allow the

formation of the tracks.

To further improve the structure, hydrophilic gaskets or groutable
injection hoses can be introduced between panels as they are
 installed in the working pit which serve to waterproof the joints and
it should be appreciated that there are many possible variations of
details in the design of the foundations and the arch configuration

and span.

In one embodiment double, side by side arched structures can be
created, for example, for a tunnel for the two carriageways of a
divided highway. In one embodiment three or four sets of in line

supporting units are provided, said supporting units comprising two
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lines of outer supporting units and a centre line of double units
and/or single units having two guide tracks formed therein, thus
allowing the introduction of two sets of side by side sections along

said supporting units.

As an alternative embodiment to the use of supporting units in
block form there is provided the method of forming tunnels |,
typically of circular cross section, along the line of the support
structure to be formed and said tunnels spaced apart by the spacing
required for the arch sections. The tunnels are driven by jacking or
by segment construction. In each tunnel there is formed a track for
the reception of the ends of the arch sections which again pass
along the length of the tracks as with the supporting units and

therefore act in a similar manner to support the arch sections.

Specific embodiments of the invention will now be described with

reference to the accompanying drawings, wherein:-

Figure 1 illustrates a perspective view of the working area and the

installation of the supporting units prior to main tunnel excavation;

Figures 2A-2C illustrate cross sections of the supporting unit before

and after jacking into the excavation;

Figure 3A illustrates a side elevation of an excavation with a

support structure according to the invention;
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Figure 3B illustrates a sectional elevation of the apparatus of Figure

3B showing the structure of one of the arch sections;

Figure 3C illustrates a perspective view of a partially completed

structure of the type shown in Figures 3A and 3B;

Figure 4 illustrates the use of the embodiment of using tunnel

supports for the arch sections; and

Figure 5 illustrates a perspective view of a support structure formed
according to Figure 4 on the right hand side of the tunnel and an
alternative method on the left hand side for the purpose of

illustration.

After preparing the working area 2 adjacent to where the structure
is to be installed, a series of supporting or foundation units 4 are
driven into the excavation material to form the base 6,6’ and base
reaction (horizontal and vertical load components) for the arch
sections. These supporting units are designed to be of the correct
dimensions for the loads and are installed by driving them into the
tunnel excavation by pipe jacking methods. For convenience and
economy the units can be pre-cast off site in suitable handlable
lengths and then brought to site as required.  The units are
designed so that after being installed they can be modified by
undertaking work from inside the units by workers to provide a
finished foundation structure for the structure and form tracks 10,
10°, at the correct level as shown in Figures 2A-2C whereby the

supporting units 4 are shown in Figure 2A in the form in which they
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are jacked. Figure 2B shows the supporting units after
manipulation when positioned in the excavation and Figure 2C
shows the track 10 with an end of an arch section 12 located
therein. The units 4 have removable covers 14 which are removed
progressively during the excavation of the soil from within the
shield 16 to expose the guide tracks 10,10°. The units form a track
guide and seating during installation of the arch sections and the

permanent foundation, thereafter.

With the supporting units installed to a sufficient length the guide
channels on the same are levelled so that the tracks formed on the
same are level and the units are then pumped with concrete to form
a solid foundation. The next stage in the method is to erect the
temporary cutting shield 20 of Figure 3A which is fabricated in
steel with the same outside dimensions, plus a small overcut, as the
outside dimension of the arch sections. Some overcut in the
excavation allows a reduction in soil friction and allows the
introduction of measures to improve jacking of the sections such as
lubrication or drag sheets The shield, depending on the
geotechnical conditions, can be fitted with shelves, compartments,
doors, advance spiles and other devices used in tunnelling
excavation as required. These devices assist in controlling the face
stability and allow excavation machinery to be operated and

excavation to proceed at the various levels of the tunnel.

In practise, the shield is introduced into the soil through the head
wall and along the tracks 10, 10°0f the supporting units and

excavation at the face commences, typically by face miners with the
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aid of mechanical equipment. As the shield advances, arch sections
12, are jacked into the excavation behind the shield and along the
tracks 10, 10’ as shown in Figures 3A and 3B. A steel jacking ring
28 can be used to distribute the jacking loads uniformly onto the
arch sections and in one embodiment shown in Figure 3A spacers 30
are used to allow the jacking reaction from the jacking rig 31 to be
transferred onto the reaction wall 32. Alternatively, it is possible to
have telescopic jacks mounted on the reaction wall with a stroke
equivalent to the width of the section which would eliminate the
need for the spacers to be used. Individual arch sections can be of
any suitable dimension, but typically 2 to 3 metres in length. The
ends of the sections 12 are located at the end foots in the tracks 10,
10’ of the supporting units 4 so they cannot spread apart during the
jacking operation or thereafter.  Typically, the staggering of the
joints of the supporting units 4 is possible to allow use of the

previously placed arch section to provide support for the next one.

It is preferred to have the supporting units extending outwith the
excavated area into the working or reception area so as to allow the
shield 20 and arch sections 12 to be provided in the correct
configuration prior to jacking and, as they are then held in the

tracks 10, 10’ they can not deviate from line or level.

It is possible to jack both two pinned arch sections and three
pinned arch sections into the excavation. The latter being
preferable in that the two panels 36, 38 of a three pinned arch as
shown in Figure 3B are envisaged to be more easily handleable than

the single unit of a two pinned arch. Furthermore a three pinned
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arch is more structurally efficient and can be provided with a

suitably designed crown connection 34.

The arch sections are introduced and hence pushed forward as
excavation advances by jacks mounted in a suitable frame and
having a reaction against a suitable structure. Such arrangements
are well known and widely used. When the end of the excavation is
reached and the reception shaft of the excavation is reached, the

shield is removed.

Figure 3C illustrates a partially formed support structure 31 formed
of a series of arch structures 12 and supporting units 4 with part of
the arch sections 12°, 12” removed in the drawing for ease of
reference only. In this case the support structure is being formed

under a railway line embankment 33 as shown.

As an alternative embodiment to the use of supporting units in
block form, there is provided the method of forming tunnels as
shown in Figure 4 which illustrates a cross section of one tunnel,
said tunnel 40 typically of circular cross section, and provided along
the line of the support structure to be formed. Typically two or
three tunnels, as required, are formed, said tunnels spaced apart by
the spacing required for the location of the ends 36, 38 of the arch
sections. The tunnels are driven by jacking or by segment
construction. In each tunnel there is formed a track 42 which can be
exposed for the reception of the end 44 of the arch sections 12
which again pass along the length of the tracks as with the

supporting units and therefore are introduced and act in a similar
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manner. The tunnels are typically filled with concrete so as to act as
foundations for the structure when formed. The advantage of this
embodiment is particularly for use in unstable soil conditions,
perhaps below the water table level. The circular tunnels can use
conventional pressure balance shields to undertake the work
remotely under pressure and without inflow or loss of soil. There is
also a further advantage in that they can be used as access tunnels
from where it is possible to undertake, for example, a program of
drilling and injection to stabilise the soil in the area where the

arched support structure is to be installed.

Figure 5 illustrates on the on the right hand side of the tunnel a
support structure formed using the tunnels 40 as shown in figure 4.
Prior to installing the guide track along the tunnels, the tunnels
remains enclosed and allows access to construct. This construction
could be by methods such as diaphragm walling, contiguous piling

to form a piling wall 52, for example.

On the left hand side of the tunnel an alternative arrangement is
shown whereby the arch structure is formed by arch sections 50
which connect, with the tracks of the supporting units 4, acting as
side wall panels and it is the end of the side wall which locates with
the foundations. In this embodiment therefore the support
structure is formed of arch sections, side wall supporting units and

foundation units, introduced in the same manner as previously

described.
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The operation according to the invention comprises excavating,
jacking and adding new arch sections until the structure is in its

final position and excavation is completed.

Furthermore, as the arch sections are moved into place it is possible
to structurally link all the sections to provide additional strength
such as by using Macalloy HT bars placed in ducts provided in the

concrete sections and stressed.

It should be noted that any of the embodiments shown can be used
to advantage in conditions and requirements to which one, or a

combination of the embodiments, is or are suited.

Thus it will be appreciated that there is provided a method for
forming a structure in an excavation without the need to disturb the
surface above the excavation and also provides for the utilisation of
the relevant strength of arch shaped sections. Furthermore, the
provision of the tracks, and use of supporting units which can be
set to the required line and level before the jacking of the sections,
ensures that once set, the line and level no longer needs to be
checked and the arched sections can be relatively easily jacked into

position along the tracks.
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Claims

1. A support structure which can be used to support excavated
areas during and/or following excavation, said support structure
including a series of upstanding arch shaped sections, positioned
along the length of the excavated area, one after the other, said arch

sections introduced as the area is excavated.

2. A support structure according to claim 1 wherein the structure
is formed with the arch section ends being located in and along a

series of supporting units.

3. A support structure according to claim 2 wherein the units
have recessed sections, which, when the units are laid end to end,

form a track along which the arch sections can slide.

4. A support structure according to claim 3 wherein at least two
linear tracks are formed, said tracks spaced apart by a distance

determined by the space between the ends of said arch sections.

5. A support structure according to claim 1 wherein the arch

sections and/or supporting units are pre-cast.

6. A support structure according to claim 1 wherein each of the
arch sections is formed from a series of panels, which can be

constructed on site.
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7. A method for forming a support structure for an excavated
area during and/or after excavation of the same, said method
comprising, as the tunnel is excavated, pushing or jacking a series of
arch sections in an upstanding position one after another into said

excavated area, so that an arch shaped support structure is formed.

8. A method according to claim 7 wherein the excavated area is a
tunnel and the method comprises the steps of jacking a series of
arch sections into the excavation at intervals and introducing new
sections from the open end of the tunnel to increase the length of

the support structure as the tunnel is excavated.

9. A method according to claim 8 wherein the tunnel excavation

takes place to the front of the first of the arch sections introduced.

10. A method according to any preceding claim wherein the
supporting units are first positioned in the excavation to act as

guides along which the arch structures are introduced.

11. A method according to claim 10 wherein the supporting units
act as side wall portions which extend upwardly to form the side
walls of the arch shaped structure and the arch sections are

introduced to act as roof panels and form the arch shaped structure.

12. A method according to claim 10 wherein the arch sections

comprise roof and side walls when jacked into the excavation.
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13. A support structure according to any of the preceding claims
wherein a temporary shield is fitted at the leading face of the

structure which allows excavation work to be undertaken safely.

14. A support structure according to any preceding claims wherein
there is provided at the front of each supporting unit a shield to

allow excavation to proceed safely.

15. A method according to any of the preceding claims wherein
the ends of the panel sections are located in tracks formed by a
series of units which are jacked into the tunnel and the method
further includes a step of jacking said supporting units into the
tunnel to provide tracks of a sufficient length to receive the arch

sections to form the support structure.

16. A method according to claim 15 wherein the units are required
to be manipulated after jacking to expose recess portions to allow

the formation of the tracks.

17. A method according to any of the preceding claims wherein
hydrophilic gaskets or groutable injection hoses can be introduced
between panels as they are installed in the working area which

waterproof the joints between the said panels.

18. A support structure according to any preceding claims wherein
a plurality of side-by-side support structures are created by the use
of at least three sets of in-line supporting units, said support units

configured so as to comprise two lines of outer supporting units and
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a centre line of double units and/or single units having two guide
tracks formed therein, thus allowing introduction of two sets of

side-by-side arches along said supporting units.

19. A support structure according to of the preceding claims,
wherein the supporting units are formed by tunnel structures which
are first formed and then filled with a suitable material and then

have tracks formed therein.

20. A method for forming a support structure for an excavated
area during and/or after excavation of the same, said method
comprising, as the tunnel is excavated, pushing or jacking a series of
supporting units in at least two spaced sets, forming lower tracks in
the same along which a series of arch sections can be introduced to

form the support structure.

21. A method according to claim 20 wherein the supporting units

are a series of blocks.

22. A method according to claim 20 wherein the supporting units

are provided by forming tunnels.

23. A method according to claim 18 wherein in each tunnel there
is formed a track for the reception of the ends of the arch sections
which again pass along the length of the tracks as with the
supporting units and therefore act in a similar manner to support

the arch sections.
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24. A method according to claim 23 wherein, the tunnels can be

used for access and further workings.
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