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IN THE 1980S the sprawling Thai capital,
Bangkok, was notorious for the extended
traffic hold-ups it was increasingly suffering;
sometimes hours could be lost trying to get
around.

Since then the privately funded construction
of the Bangkok Mass Transit, or BTS SkyTrain
elevated rail line in the central area, and later
on a city built underground metro line, have
helped alleviate the problem. Despite initial
fears of low ridership, because ticket cost
could be out of reach for an often poor popu-
lation, the BTS is busy and there has been
enough use of the Blue Line to make an im-
pact. Traffic is still heavy but at least it moves.

But after a slow down in the late 1990s
currency crisis, city development has contin-
ued apace and the population is constantly
growing. The city is convinced that public
metro transport is crucial and is constructing
two new lines, mostly elevated or at grade
above ground. Three more are planned as
well (see box).

A third initial project is underway too, an
extension to the first underground full metro
line, the ten-year old Blue Line. This circumfer-
ential line follows a C-shaped route around
the downtown city area finishing near just
outside the Bangkok main railway station. This
is near the ancient centre and its royal palaces,
gardens and temples. 

The Blue Line was built just after the Sky-
Train a decade ago and has picked up usage
since; as the deputy director for the Mass
Rapid Transit Authority of Thailand, Peerayudh
Singpatanakul puts it "people are learning the
habit of public transport".

The new tunnelling works for the Blue line
will carry the southern end of the route just
300m away from the historic buildings of the
royal city areas. It runs through the well
known Chinatown district and then across the
big Chao Phrya river, which runs through the
heart of the city. Altogether four new stations
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Tunnelling in difficult wet ground and an unusual pipe-roof station
construction are helping extend Bangkok's first underground metro
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are being built along a 5.4km underground
section.

The tunnel is split into two contracts, of
2.85km and 2.5km, the first - Contract 1 with
contractor Italian Thai Development and the
second - Contract 2 with Thailand's other
major contractor Ch Karnchang Construction. 

TJ has just visited Contract 1 where con-
struction is about halfway complete for one of
two parallel single bore tunnel drives, and
station work is getting underway for two
mainly underground stations. The contract is a
design-build scheme worth US$381M.

Tunnel works
Work began in April 2011 and under a revised
program, is due to finish in 2016. "There have
been some considerable delays because of the
client's difficulties with land acquisition at the
station areas," explains Ital-Thai project
director for the scheme, Pairach Supavivat,
"but they have allowed for that." The current
schedule is spot on, he says.

Ital-Thai's project includes a short cut and
cover section at the end point of the existing
line which will eventually be used to make the
connection to the new tunnel. From there it
must tunnel to a point just before the river,
completing the drives inside the first of the
two stations being built under the second
contract. It passes through the two contract
one stations along the way.

The alignment of the tunnels is not straight-
forward. Although they set out as two bores

side by side they must then rise and fall
respectively in the ground to make a twisted
line that will bring one on top of the other. At
one point this means the tunnels will be just
1.5m apart.

The reason is the narrowness of the streets
in the older part of the city, and a requirement
to keep the tunnels in the street line.

"That means the stations must use a
stacked formation for the platforms," explains
the Ital-Thai project manager at the main con-
tract site Thavesak Rungpiriyadech. That will
be in a part of the concrete box structure just
10m wide under the street.

The stations overall are 22m wide at the

maximum point, with part of the station box,
for concourses and escalator links, offset to
one side and with a surface station building
above. It is the land purchases for the wider
sections which have held up some work.

The tunnel line must also follow a shallow
path initially because of the presence of two
major service lines close to the starting point.

"There is a 3.8m diameter water tunnel to
cross and a 1.5m sewer line," explains Rung-
piriyadech.

That means the tunnel begins its drive in
the Bangkok clay, "which is not even as firm
as marine clay," comments Rungpiriyadech. 

Most of Bangkok's geology comprises this
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Figure 1: Plan of the Blue Line Figure 2: The two contracts on the Blue Line extension
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Figure 3: Longitudinal section of both of the extension contracts

TUNNELLING JOURNAL 19

The 6.44m Terratec

designed and built

EPBM features a cone

shape cutterhead

with a 25% opening

ratio, VFD electric

motors, 675kW of

installed power and

6,480kNm nominal

torque. Its max speed

is 92mm/min with a

40,000kN thrust

capacity. Articulation

is active with a

30,000kN capacity,

whilst its min curve

radius capability is

160m. 



deep and very soft layer of alluvial plain clay,
which has required massive and very long
piling in the city for its high rise buildings. The
piles are usually found in a layer of much
firmer brown clay beneath and the tunnel
drives pass through these.

Below the clay is a sand layer, "a very fine
sand," says Rungpiriyadech. The main
problem with this layer is significant water
content; it is linked to the river flow. 

"And the overall water table in the city is a
lot higher than it was even when the Blue Line
was first built," adds Supavivat. There used to
be major extraction by well throughout the
city but it was causing settlement affecting
roads and structures substantially;
government has now banned extraction and
as a result the water table has risen 8m.

To cope with these ground conditions the
contractor decided on an EPBM for the drives,
selecting Australia's Terratec to design and
build the 6.44m diameter machine required.
The same company is also supplying the back
up train and the spoil conveyor system along
the tunnel. 

The machine is starting from an 18m by
18m construction pit 15m deep built as part
of the cut and cover work for the connection
to the original line. The whole of this section is
76m long, enclosed by diaphragm wall and
topped with concrete road decking.

The cut and cover area and the starter pit
are situated in the middle of one of the main
road junctions in the city, where five roads
come together just in front of the main city
railway station. The road decking allows the
traffic to keep running but the starter pit itself
cannot be covered. It makes for extremely
cramped conditions for the worksite, which
has to be split into three parts, with the traffic
running between them continuously. The
main TBM pit is adjoined by a service area,
and some 200m further along is a segment

reception area which supplies the starter area
as needed.

All key parts of the machine were pro-
duced in Australia and Japan and the final as-
sembly of the TBM done in Terratec’s facilities
in China. The machine was shipped to
Thailand by Sea, with the components
trucked to the site and assembled
in the pit mid-2012. 

Ground treatment and lining
Before the EPBM could start its
drive in January this year there
had to be extensive ground treat-
ment. The top clay is so soft that it
needed firming up and for 380m
along the first part of the tunnel
line jet grouting was used to form
a consolidated block in the
ground through which the
machine could pass. 

"We used a local company
Kenber which made a 2m grid of
1.2m jet grouted columns," says
Supavivat.

Once over the water tunnel the tunnel path
can drop down into the firmer clay, although
some treatment is still needed for the top of
the tunnel line until the machine is into the
lower level completely.

There is also a point where the tunnel
passes underneath one of Bangkok's famous
khlong canals, and here 600mm diameter soil
mixing columns were used instead of jet
grouting to avoid water contamination.  

Further jet grouting has also been done at
the stations, by subcontractor Trevi, to form
sealed ground blocks for the TBM entry point
through the station diaphragm walls.

With the ground prepared the machine
set out in January this year pushing off a con-
ventional reaction frame. Mostly the pressure

needed was low in the early stages, as little as
0.8bar says Terratec’s Bunjerd Emnuch. As it
has later come on into the waterlogged
deeper sand layer this has changed and it
needs to work at 2.5 bar. Emnuch is one of a
team of Terratec engineers that perform the
equipment service and maintenance and also
advise the contractor in the operation of the
Machine all the way through. "The sand layer
we are now in is very fine," says Emnuch,
"and we need a lot of polymer to treat the
ground forwards."

Guidance for the machine is by a Japanese
Enzan system, "which includes monitoring
equipment and data."

The machine installs a 300mm thick, 1.2m
long concrete segment ring comprising 6 seg-
ments and a key. Straight and left and right
tapers are used for turns and the key is kept
away from the invert.

"This is the same design that was used for
the original line," says Emnuch.

Grouting is done just behind the shield
through the segments rather than from
annulus grout points on the machine. There
are lifting sockets for the segments to be
pulled onto the TBM segments delivery track
which double up as grout points. 

A significant number of bolts are used,
some 25 around the rings to link one to the
next and two bolts between each segment in
the rings. "We use banana bolts," says

Emnuch, "which is for stability".
Segments are made at an Ital-Thai works

about 150km outside Bangkok, which has to
cope not only with the three ring shapes but
four different levels of reinforcement in the
mixes, to vary the strength of segments
according to location. 

They are delivered by truck, which is a sig-
nificant logistical challenge in Bangkok's
dense traffic, and particularly since there are
daytime restrictions limiting truck movements
to between 10am and 3pm. 

Segments have to be delivered to a holding
yard 200m along the route where a narrow
space has been found in the centre two lanes
of the main road. They then are re-trucked to
the shaft on a just-in-time basis, since there is

TUNNELLING JOURNAL 21

SITE REPORT

Above: The two component grouting
system in action. Bottom left: Tight
constraints in the segment yard. 
Below right: The operator working in
the EPBM control room 
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only room to hold a couple of rings at the nar-
row tunnel shaft site, which also has to ac-
commodate the big Demag portal cranes that
lift the segments and the spoil buckets.

Once at tunnel level the segments are
carried on a rail system; the locomotive is a
Chinese make, running on battery power
which is useful enough in the relatively short
drives being done here.

Spoil comes out on Terratec’s continuously
advancing conveyor system, a four part
arrangement beginning with the machine
conveyor, a short traverse conveyor which
drops the material onto the long continuously
advancing tunnel conveyor. Finally the tunnel
conveyor delivers the material to a transfer
conveyor in the portal. A woven material is
used in the belt carcase making it stronger
and lighter than normal. The conveyor was
designed to cope with curves as tight as
160m in radius and during the visit the first
curve of 180m radius was successfully passed. 

At the shaft a loading belt feeds spoil into
large spoil buckets which are lifted to surface
by the portal crane into a hopper from which
the spoil trucks are loaded. As with the seg-
ment delivery, the constrained space of the
site makes it difficult to store large amounts of
spoil and  equally it is difficult to get trucks in
and out to dispose of material. Most of the
waste is going to sites outside the city.

Work so far has been steady rather than
record breaking, achieving around ten rings
daily. That has not worried the contractor at
all because the tunnelling is not the critical
path for the project; that is the station con-
struction.  

The pace has been affected by significant

waiting time outside the first of the two
stations because the jet grouting ground
improvement and installation of the
diaphragm walls was held up by the land
acquisition issues. The construction sequence
is for the TBM to carve its way through the
1.2m thick 40N concrete wall and then
through the station, erecting a temporary
lining before station excavation work. 

Once able to go ahead this
summer it then carved its way
out again.

"That grinding operation is re-
peated nine times along the
route, to pass both stations, and
two shafts also formed by
diaphragm walls," says Emnuch
"and finally to enter the last
station."

He says that the machine also had to be
ready to deal with concrete pile foundations
that might be encountered particularly at two
of three bridges crossings that the tunnel
route passes underneath. Piles are being re-
moved by Ital-Thai as part of rebuilding the
bridges to allow the tunnel to pass beneath,
but it is not known if they can all be removed.

That has meant a special design has been
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Top: The Terratec continuously advancing
conveyor system. 
Above: Segments being delivered to the
EPBM

New station building is made
after the excavation is finished

Ground beneath the road
is left undisturbed

Pipe jacking from the first part of the
top down excavation along side the road

Figure 4 - The station construction pipe-jack method

Pipe roof with slab cast beneath
 - excavation proceeds beneath

Top down excavation at the side
provides space for the staton
concourses etc while train tunnels
run beneath the road

Station cutaway shows the two train platform
levels beneath the road and the station
to one side wth entrances built above
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needed for the cutterhead, an unusual cone
shape. “The principle is that the cutterhead
centre reaches the hard concrete first and
then the cutting action works outwards as it
cuts in, helping distribute the torque more
evenly and preventing an overload on the
cutterhead,” explains Bill Brundan, Terratec’s
Site Operations Manager. Especially hardened
“knife cutters” are mounted on a raised cross
shaped section of the head which contacts
the concrete first before the normal ground
cutters.

Terratec worked out this unique design in
conjunction with Japan Tunnel Systems Cor-
poration, a subsidiary of Japanese IHI Group. It
is the largest head of this type yet made. So
far it has met the demands with flying
colours, carving into the first station and out
again and through one shaft. The TBM was
halfway towards the next station when TJ was
on site.  After it has passed this, again carving
through the diaphragm walls, it will arrive at
the last station. For this the contractor has to
coordinate with Contract 2. The machine will
be dismantled there and will come back to
the starting pit for the second drive.

"That will be difficult as that station only
has small access points in the station slab,"
says Supavivat. 

For the second drive the sequence will be
different. By then the stations should have
been excavated and concrete slabs poured.
The machine will enter and be pulled through
before re-starting at the far end. It will be at
the higher level on this second drive.

Coordinating with the station excavation
sequences is one reason why only a single
machine has been used; a second machine

would have disrupted the station construction
by arriving too early. 

Station construction
The first station comprises a conventional
box structure formed within diaphragm walls
and excavated by a top down method, using
the cast floor slabs as structural propping for
the deeper work.

The major issue is to ensure resistance to
uplift from the high ground water pressures;
the diaphragm walls will be toed deeper
than the base slab, which itself will be a
substantial 2m thickness. Ensuring water-
tightness of the diaphragm walls, reaching
nearly 33m deep will be crucial.

The second station is more complex. Like
the first it has a series of concourse and
ticket-hall levels to one side, built by top
down excavation on cleared land alongside
the road. The platforms and tracks are in the
10m wide section underneath the road. 

But this station, Wang Burapha, is close to
the old city and deemed likely to contain
possible archaeological remains. The city has
decreed that the top 4m of ground must not
be disturbed underneath the road; in the site
alongside the road in can be removed be-
cause archaeological studies can be made.

That means the station cannot use top
down or cut and cover excavation for the
platform section. To solve the problem it was
initially proposed to use larger diameter tun-
nels for the station platforms but these
would be difficult in the soft ground.

An alternative has been devised by Ital-
Thai and the contractor's design consultant
Arup from Hong Kong, using a pipe-roof

system and pipejacking. A diaphragm wall
will be dropped on each side of the road and
one more set back beneath the buildings.
Top down work can be done for the off road
section and then when the first slab level is
reached a pipejack operation will begin.

This will install a long row of parallel steel
pipes, 1.3m in diameter along the 185m
long station length to the far diaphragm
wall. "The pipes will have interlock clutches
like steel piles," explains Supavivat. The pipe
ends will be fixed to couplers cast into the far
diaphragm wall and then will have a con-
crete filler in the last few metres.

Once this steel pipe layer is fixed, the
ground underneath will be excavated for
about 4m. Within the void a formwork will
then be set up on lifting jacks to cast a con-
crete slab against the pipe roof. And after
that the ground beneath can be excavated
top down for the tunnel platform levels,
while top down work is finished for the non-
road section too.

Ital-Thai has done trials for the work using
a half bucket system to remove spoil from in-
side the pipes and it seems to work says Su-
pavivat. Assuming it does, the TBM will
eventually come through on its second drive,
finishing again at Contract 2's station. "But
this time they will have finished their struc-
tural work and there will be no space to re-
move the machine through the top of the
station," says Rungpiriyadech. The TBM
shield will be left in the ground therefore,
with the salvageable interior parts taken
back through the tunnel.

But there is a long way and some complex
engineering to go before that happens.

The Mass Rapid Transit Authority of Thailand
has significant plans for the city says deputy
governor, Peerayudh Singpatanakul who says
transport studies show significant potential
demand. Bangkok's population is already an
official 12M and unofficially probably more,
and will have grown by then.

"Altogether we are thinking of ten lines
with the MRTA responsible for six of those.
The BTS and some extension are part of that
and the Blue Line – and there is a third
elevated line under construction, the Purple
Line” he says.

Three additional lines are planned too and
the whole system is currently scheduled to be
ready by 2019, "though I think that is perhaps
a slightly ambitious target and it may be a little
later – the early 2020s." 

The three further lines would be a mixture
of elevated structures, at-grade and
underground he says. Total investment is likely
to be around Baht 200 000M.

Key tasks for this future development are
to ensure adequate interchanges between lines
and the development of a common ticketing
systems he says. "Park and ride development is
also important."
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