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Abstract : A method of construction of subsea tunnels whereby concrete structures of the type typically used in the
Norwegian offshore oil industry are set above the tunnel route to provide access, sub-terranean assembly and launch points for

modular tunnel-boring machines.

The greater availability of workfaces and the provision of support facilities from the

concrete structure ensures substantially accelerated completion of hitherto unviable ultra-long tunnels.
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1 SUMMARY

The decision to undertake construction of long subaqueous
tunnels is based upon the technical viability of the project
and the future income for the investors. This paper shall
demonstrate that a tunnel of 235km linking Japan and
Korea can be constructed in a shorter time than the 7 years
taken by the Channel tunnel of 55km by using proven
technology. It shall also be shown that this project can be
financially viable and profitable. A tunnel project of
China-Taiwan would be more complex and shall not be
further considered in this paper.

2 BACKGROUND

2.1  Economics

Japan and South Korea are the most powerful economies
in Asia and have achieved living standards for their
respective populations which are amongst the highest in
the world. Central to this success have been the export
industries through which both nations have traded
profitably with the rest of the world. However, the greatest
share of this trade is necessarily carried by ship with its
inherently slow speed of transit. Completion of this project
would allow transit times between Japan/Korea to Europe
to be 2 weeks instead of the current 6 weeks and would
allow local activities to increase markedly.

2.2 Technology

Concrete structures have been successfully used for over
25 years for oil and gas production mainly in the
Norwegian sector of the North Sea. Installation depths of
over 300m greatly exceed those to be encountered on the
preferred tunnel route between Japan and Korea and it is
the novel use of this proven technology which can provide
the means of accelerated construction of a tunnel system
linking Japan to Korea.

The proposal envisages a tunnel section identical to that of
the Channel Tunnel of two transport tunnels of 8.2m bore
and a service tunnel of 5.2m.
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2.3 Finance

The current state of Japan’s national debt renders it
unlikely that the project can be financed by the
Government of Japan in the manner of the Seikan Tunnel.
The substantial reduction in the duration of construction
from 15 years to 6 years and the estimated volume of
traffic through the tunnel bring the project within the range
of private investment. However, a project of this scale
requires the participation of the governments and it is
proposed that they establish with the civil engineering
companies a Case for Construction.

A respected independent technical auditor financed by
appropriate government bodies shall review and report on
the Technical Case of Construction. The CfC shall provide
details of the schedule of construction, the costs and total
cost, and the projected revenues to the tunnel owners. The
financiers shall also review the CfC and this shall form the
basis of the terms of construction for the contractors, the
financiers and the guarantors (underwriters). It is proposed
that the governments of Japan and Korea act as guarantors
to the financiers on the basis of the CfC: if completion of
the project is later than that stated in the CfC, the
guarantors shall re-imburse to the financiers the projected
revenues over the period of late completion. Such an
arrangement shall attract the necessary finance without
undue risk to investors but shall provide both governments
with tax revenues over the period of construction.

3 METHOD OF CONSTRUCTION

3.1 Preparation of Seabeds with Heavy Topsoil

At each location selected as a site for a concrete structure,
the seabed must be surveyed in order to establish which
method shall be used for the installation of the base. For
the case where the seabed is of a heavy topsoil down to
bedrock, the sequence of events as depicted in Figure 1 is
now described.



Figure 1 shows a section through the seabed with a
concrete caisson being set into soil down to a bearing
stratum or bedrock. The caisson has internal dimensions
which would permit subsequent passage of drilling and
tunnelling equipment, and a wall thickness which shall
resist all loads encountered during installation and
operation. Within the wall of the caisson is incorporated
pipework through which jetting mud and fixing/sealing
grouts may pass, said fluids pumped from surface vessels
typically through flexible piping attached to the top of the
caisson.

At the bottom of the caisson is a cutting profile, preferably
of steel, as typically employed in the civil engineering
sector. The caisson penetrates the soil by a combination of
self-weight, jetting, and by excavation of soil inside the
caisson as required to reduce wall friction. In the event
that these measures are insufficient to set the caisson at
required depth, pile-driving equipment attached to the
caisson through an appropriate interface - the tieback liner
to be subsequently installed is such an interface - shall
ensure final attainment of setting depth.

Upon reaching the bedrock, under-reaming drilling shall
remove rock immediately below the caisson to allow
penetration to a required depth. The drilling equipment
shall be mounted onto an integral circumferential rail sited
on the bore of the caisson and shall be powered by drilling
mud: cuttings shall be removed by a suction system as part
of the drilling equipment. The weight of the caisson can be
suspended and controlled during drilling operations. After
achieving the requisite depth, the caisson shall be
cemented into place. Sufficient volume of cement shall be
pumped to ensure that the bore of the caisson is sealed. In
order to direct the cement slurry towards the outside of the
caisson, a weighted cover shall be landed on the caisson
just prior to pumping of cement. As pumping commences,
the cement shall flow preferentially to the outside of the
caisson because the internal pressure would become
positively pressured owing to the sealing cover.

On completion of cementing and after waiting on cement
to harden, the integrity of the cement can be tested by

pressuring the inside of the caisson through the weight cap.

The concrete structure shall be towed over the caisson and
landed on the surrounding soil: all soil stresses are resisted
by the caisson. After landing the structure, successive
caisson elements shall be landed through the shaft of the
structure and cemented to each other until the stacked
elements comprise a liner reaching the surface of the
structure. The water within the caisson shaft can now be
pumped out and shaft sinking operations inside and below
the liner may commence. This configuration is necessary
to ensure that no loading is transferred to the sealing
caisson from the structure set on the soil. It should also be
noted that, in the absence of a seal between the structure
and liner, there is a hydrostatic pressure in the annulus
between the structure and the liner. The completed system
is shown in Figure 4.
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3.2 Preparation of Seabeds of Rock or light Topsoil
Where the seabed is of rock or with light removable
topsoil cover, a different method must be employed as
preparation for the landing of the concrete structure. As
shown in Figure 2, a landing base shall be constructed as a
welded steel framework of section and reinforcement bar
into which cement shall be cast. A notable feature of the
base is a central extended column of internal diameter
slightly greater than that required for passage of elements
of tunnel-boring machines (TBMs). On the area of seabed
where the base shall be landed, a pattern of fixing posts
shall be drilled and cemented. If necessary, the surface on
the target seabed can be modified by excavation. The base
shall be landed in the target and the posts shall pass
through columnar elements in the base. Cement shall then
be pumped through the base via integrated pipe to expel all
seawater underneath the base and also to cement the base
to the posts. After the cement has set, the concrete
structure can be landed on the base as is shown in Figure 3.
The interface area between the extended column of the
base and the structure shall then be cemented via piping
integral to the structure. The water column inside the shaft
of the structure can be pumped out after this cement sets:
all paths for ingress of seawater into the central shaft have
been sealed by cement.

3.3  Construction of the Tunnel

After completion of pumping operations for either of the
methods of landing preparation, a shaft through the ground
rock shall be constructed by the shaft contractor and shall
be of a diameter of sufficient size to allow passage of
elements of tunnel-boring machines (TBMs) which shall
be assembled in a cavern. On reaching the tunneling
horizon, the cavern shall be drilled, blasted and shotcreted
to provide an assembly workshop for the TBMs. Each
TBM shall be launched when assembled and the muck
from each face shall be conveyed up the shaft to the
topsides unit for loading onto the ships which shall
transport the muck to disposal sites. The cavern shall
serve as a crossing when the tunnel is completed.

The methods and procedures stated shall be repeated at
each location of concrete structure.

3.4 Verification of Proposed Methods of  Seabed
Preparation

The method(s) of seabed preparation as appropriate to the
project and as described in the preceding sections shall be
subjected to shallow water trials — trials in deeper waters
may follow if required. This is a full-scale trial of the
construction and installation method with the actual
equipment and personnel as would be employed during the
project.

4 SCHEDULE

The initial tunneling rates are very slow, possibly as low as
1-2m per week. However, it would be expected that the
progress rate at each face could achieve as much as 150m
per week. An average rate of 12m per day for a portal-to-
portal distance of 230km has been used for calculations to
yield a mean annual tunneling rate of 4.2km per face per
year which, using six concrete structures and with similar



tunneling rates from the land portals, provides a time for
breakthrough of circa three years. One to one-and-a-half
years would be necessary for the construction and
installation of the offshore structures and, with a further
two years for the installation of facilities and
commissioning of the tunnel, a time for completion of six-
seven years can be reasonably estimated. It should be
noted that the tunneling operations at the portals would be
progressing  simultaneously — with  construction  of
equipment for marine operations.

Within the model of cost analysis is an unresolved, though
relatively simple mathematical issue of importance to the
finance of the project. It is evident that the time for
construction of the tunnel is related to the number of
concrete structures deployed. Each deployment of a
concrete structure has a cost and the resultant benefit
realised in the construction time thus saved is measured as
the profit made by the tunnel in this time saved. If the cost
of a concrete structure is less than the expected increase in
profit for the expected time saved, then the additional
concrete structure is economically viable and vice versa.

The proposal does not use any islands which are on or
close to the tunnel route. The decision to use Tsu-Shima

can be taken later during the feasibility study of the project.

5 OVERVIEW

5.1 Technical

The proposal describes how technology which exists in the
North Sea oil industry can be utilised in the civil
engineering sector. Concrete structures as described exist
and are available for inspection: the heavy-lift boats
required for preparing the seabed exist and are regularly
used for offshore construction projects. In short, on a
technical basis, there is nothing described in this paper
which is beyond the ability of the offshore engineering
industry.

5.2  Financial

In Section 2.3 a method of financing the project is
proposed; the method takes account of the reality of the
public sector finances of Japan and Korea, and learns the
lessons from the unsatisfactory manner in which the

Channel Tunnel was paid for solely from the private sector.

Detailed cost analysis is beyond the scope of this paper
because the information required from prospective
contractors is not yet available. The costs would be
determined from the feasiblity study which must be carried
out by the Japanese and Korean governments on the
construction methods proposed in this paper.
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Fig. 3 Concrete structure being landed onto seabed
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Fig. 2 Concrete foundation cemented onto rock seabed

Fig. 4 Structure installed on heavy topsoil with tunnelling
in progress




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


