
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


Geotechnical Aspects of Underground Construction in Soft Ground Mair & Tay/or (eds)
© 1996 Ba/kema, Rotterdam. ISBN 90 5410 856 8

Geotechnical experiences from previous tunnel projects in Bangkok soils

N. Phienwej
Asian Institute of Technology Bangkok, Thailand

/

ABSTRACT: This year will mark the beginning of an era of tunnelling for mass rapid transit use in Bangkok to
help mitigate the traffic congestion nightmare of the city. Ironically, there had been no previous exploitation of
underground space for transportation use in this mega-city. This was mainly due to mis-conception of the authority
on technical viability and economics in developing such a project in the low lying flood prone city, plagued with
soft subsoil and land subsidence problems. Actually, tunnelling works are not new in Bangkok. Altogether there
have been more than 95 km of- small 'sized tunnels (diameter 2-3.4 m) in operation or underconstruction. Both bore
tunnelling and cut-and-cover method were used. A lot of experiences have been gained from the construction and
operation of these tunnels. These experiences are reviewed and summarized in this paper and related geotechnical
aspects of the upcoming subway project are prelirninarily investigated.

1. INTRODUCTION

Bangkok is well know for its soft soil, flood prone and
land subsidence problems. These physi_cal and
geotechnical constraints had, to large extent, caused mis
conception and hesitation in exploiting underground
space for transportation use to help alleviate the city’s
traffic problem. Finally, it was realized that geotechnical

¢conditions that the city possesses are not so different
from those' in many other cities around the world who
have long developed and enjoyed using underground
transportation network while preserving environment. A
master plan for Bangkok mass rapid transit system which

~ restricted the use of only underground alternative for the
inner Bangkok city area, covering 25 sq. km, has been
approved by the Cabinet since early 1995. More than 50
km of the transit will be put underground. The
unpleasant experience and disruption from the on-going
construction of the sky train project has proven that the
underground alternative would be a better solution
despite its higher cost.

Although large sized tunnelling for subway or
other uses has not been conducted in Bangkok, the city
has quietly developed a long network of small sized
tunnels (diameter 2-3.5 m) for water supply conveyance,
sewer and stonn drain. Altogether there are more than
75 km of this small sized tunnel in operation and 19 km
are under construction. A lot ,of experiences had been
gained from the construction and operation of these
tunnels in the soft and subsiding ground of Bangkok and
would be useful for planning and construction of
upcoming tunnel projects of the city. It is the intention of

this paper to present the summary of various salient
points regarding the previous underground works in
Bangkok subsoil soils.

2. BANGKOK SUBSOIL CONDITIONS

Bangkok is situated in the low lying Chao Phrya plain
which is covered by thick Quaternary sediments. In the
upper 30 m depth where most foundation and excavation
works 'are limited to, the subsoil profile is relatively
uniform throughout the whole city area and consists of
layers of soft to medium clay, stiff to hard clay and
sand, consecutively from the ground surface. The thick
soft clay layer extends to a depth of 12 to 15 m. This
marine clay contains lenses of silt and fine sand in some
places. The undrained shear strength in the first 10 m
depth is low, ranging fonn 15 to 25 kPa and the
sensitivity is 3-8. It has high water content of 60-100 %,
liquid limit = 85-100 % plasticity index = 60-65 %. In
the lower part of the soft clay layer, the soil is stiffer
and transitions into medium clay with thickness of
around 1-4 m. Unconformably underlying the soft is the
stiff clay layer whose thickness ranges from 5 to 15 m.
In many places this light brown to yellowish brown stiff
clay is mottled and fissured from exposure to the surface
prior to deposition of the overlying soft clay layer. The
N-value is around 10-25 and unconfined compressive
strength is more than 50-150 kPa. The water content is
25-40 %, liquid limit = 35-60 % and plasticity index =
15-30. A layer of fine to medium sand conformably
underlies the stiff clay layer. It exists from below



approximately 20-m depth with thickness ranging from
8 to 16 m. The consistency varies from dense to very
dense with N-value _of 30 to 60. Water content is about
20 % with density of 20 kN/m3. The sand layer is
saturated but the piezometric pressure has been drawn
down- from the hydrostatic pressure of water level at
ground' surface significantly by the effect of ground
water exploitation from deep wells. The drawdown is
normally in the range of 10-20 m.

Foundation practice in the city relies on piles to
support all- structures. Short friction piles floating in- the
soft clay layer were common for old structures which
were usually not more than 3 stories high. In current
practice, driven piles with tips extending to the sand
layer are normally employed for light to medium sized
structures. For large structures or highrise buildings deep
bored piles (more than 40 m deep) are commonly used.

Besides the soft soil condition, Bangkok is also
plagued with land subsidence problem from excessive
exploitation of ground water through deep wells. Over
the last 60 years the amount of subsidence has reached
more than 1.7 m (Phienwej, 1995). The subsidence still
continues at present because groundwater extraction can
not yet be sufficiently reduced. In the inner Bangkok
area where the subway tunnel project is to be
implemented, the subsidence currently develops at the
rate of 10-30 rnm/year. A portion of this subsidence is
from the compression of the soft and _stiff clay layers at
shallow depth because they also feel the piezometric
drawdown. Flooding is one of the major threats- to the
city because of its low-lying terrain. In some places,
ground surface elevation of the city has sunken below the
mean sea level posing high flood risk. At present the city
is kept dry by a system of flood protection dikes and
pumping stations surrounding the city boundary.

3. TUNNELLING IN BANGKOK SUBSOILS

Tunnel projects developed to date in Bangkok are
summarized in. Table 1. Altogether, there have been 75

km of tumielscompleted in Bangkok subsoils and 19 km
are under construction. The majority of them are parts of
Bangkok water supply transmission network. The rest are
of sewer and storm drain tunnels. These small sized
tunnels which have the maximum diameter of only 3 .4 m
(i.d.) were constructed by both the cut-and-cover and
bore tunnelling methods ._ The cut-and-cover sections
were constructed using braced steel sheet pile wall and
limited to the maximum depth of 6 m in the soft clay
layer. Most of the shield turmelled sections had vertical
alignment placed in the stiff to layer which has proven to
be the ideal medium for tunnelling.

The first tunnel project was launched in 1970 for
a 1.8-km-long storm drain. The tunnel was placed at
shallow depth in the soft clay layer. Construction of first
phase of the water supply tunnels consisted of 24.5-km
long concrete-lined pressure tunnels placed mainly in the

Tablel Summary of Up-to-date Tunnel Projects in
Bangkok.

Year Project é~~:__ _ ,pe Construction Method_ \ `
19% _ storm at-sin , _sT§n my _ Blind shield.

3.3 ni i.d. 1.8 km _|__£lliuQcEp
1975-1979 - Water transmission - fitiflfclay 17 - 20 m - Mechanical &

2.0 - 3.4 m i.d. 24.5 lun deep, some portion mechanical hields
in sand. with compressed

- River undcrcross. -Slurry shield for
sand section & river

- undercross.
1981-1983 - Water transmission - Stil'l` clay 17 - 20 - Semi mechanical

_ 2.0 - 2.5 m i.d. 7.1 lun deep shield. _
1986-1938 - Water transmission - SDR clay upto 9m - Cut-and-eovcr

2.0 - 3.2 m i.d. 34 km deep
- Pipejacking with
blind shield.

1990 - 1991 - Water transmission - Stil'I`c1ay - Semi mechanical
2.0 m i.d. 2.2 km 18 nr deep shield.

` 1994 - - Sewer - Soft & stiff clay - Earth pressure
2.5 & 3.2 nr i.d. 9 k 10 - 18 m deep balanced shield,

1995 - - Water transmission - Stiff clay - Earth pressure
2.0 m i.d. 10.5 km 16 - 18 m deep balanced shield.

f.

stiff clay layer. However, there were some short sections
penetrated through the water bearing sand and soft clay
layers. Considerable experiences were gained from this
project, both during.. the construction and operation
phases..However, they were not 'welldocumented and
analyzed so that an advance in the skill and confidence
in design, construction and operation of tumiels in
Bangkok subsoils could be effectively' made. Only the
negative experiences of the tunnelling work received
much publicity which created mis-understandings that
tunnels for public uses were not suitable for Bangkok
due to difficulties in construction and operation created
by the soft subsoil, land subsidence and flood risk.
Especially, there occurred a tunnel collapse during
construction and severe leakages during operation in the
first phase of the water transmission project.
Nevertheless, with design modification based upon prior
experiences, the Metropolitan Waterworks Authority
(MWA) quietly continued to expand the network of
water supply transmission tunnels. At present the
network consists of 75 km of tunnel in operation and
10.5 km underconstruction.

3.1 Tunnelling in soft clay layer

The first turmel project excavated was a 4-m-diameter
(O.D.) storm drain tunnel in the soft clay layer at
depths of 4.7 to 8.0 m. Initially, a partial open face
shield_under free air was used. Severe difficulties were
experienced immediately after the start-up of the shield
at a depth of 7 m from the launching shaft. The shield
sank and could not be steered. Squeezing of the clay
occurred heavily. Heavy ground squeezing occurred
despite heavy breasting to reduce the open area in the
face. The clay continued to ooze through the remaining
small opening, filled inside the shield and made further
tumiel advance with the shield impossible. As a solution
a blind shield was adopted and it finally successfully
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excavated the tunnel at an advance rate of up to 15.6
m/day.

Subsequently, blind shields were used
successfully in a number of turmel projects using pipe
jacking technique for construction of steel and concrete
tunnels (diameter 2.0 m-3.2 m) in the soft clay layer.
These pipe-jac_ked tunnels were placed at depths of up to
9 m underneath roads and canals. It has been confirmed

from experiences of early projects that the use of a blind
shield is very effective in turmelling in the Bangkok soft
clay layer and there are numerous ongoing projects
employing blind shields for pipe jacking of small sized
tunnels in Bangkok area; Experiences in the performance
of open-face semi-mechanical shields with compressed in
the soft to medium clay were not satisfactory because the
shields tended to sink and their alignment control was
very difficult. In the on-going 9-km-long sewer tunnel
project, an earth pressure balanced shield satisfactorily
excavated 2.5-m-diameter tunnels in the soft to medium

clay, at depth of 10-12 m at rate of 82 m/week (Fig. 1).

2500 A -.- Medi CI y, D' .250 _-  sun Clay DI .120 _ - 2000 - _ _EQ - 'El 1500 /’Q_ .S 1000 /''U< _3 - - _
(Uu_ ..500 ,

0 *r°‘l’”‘°'i 1* » 1 I | ~ | 1 | | 10 ' 5 10 15 20 25- 30 as 40 45
No. of Weeks

Fig. 1 Advance Rate of EPB Shield Tunnellings in
Bangkok Soils.

3.2 Tunpelling in tlie stiff clay layer

The stiff clay layer has relatively high strength, uniform
thickness and vertical profile over a large area. Even
though it is mottled and sandy at certain places there is
no evidence that there is hydraulic connection with the
underlying water bearing sand layer. Thus it is the ideal
soil layer for tunnelling and most of the bored tunnels in
Bangkok were placed in the stiff clay layer at depths of
15 to 18 m. Previous tunnelling of these small sized
tunnels in the clay layer has proven to be very
successful. The stiff clay has enough self-support at these
depths. Therefore, even an open faced shield in free air
has been used successfully. Generally, semi-mechanical
shields equipped with compressed air facilities were
adopted in .tunnelling in the stiff clay layers in the early

projects. Compressed air was available for safety
provision because the thickness of stiff clay layer is not
that great and thus there are chances that short sections

of medium clay or sand lense may protrude into the
common depth of thestiff clay layer. This practice. has
proven to be a successful and economical tunnelling
method for small sized tunnels in Bangkok subsoil.
However, in the recent sewer and water supply tunnel
projects earth pressure balanced (EPB) shields were
chosen instead because of their cost competitiveness and
the ability to dispense of the troublesome compressed air_
dependence. It is anticipated that EPB shield would be
the most suitable type of shield for tunnelling of large
sized tunnels in the future subway project because the
tunnels will be too large to be placed within a single
layer of stiff clay and thus the semi-mechanical shield
will no longer be effective.

Tunnel advance rate in the stiff clay layer was
satisfactory. The advance rate of semi-mechanical shield
for a 2-m-diameter water transmission tunnels in the

latest project (1992) was 62 rn/week, on average. Fig. 1
shows the rate of EPB shield tunnelling for 3.2 m
tunnels in the on-going sewer projects. The advance rate
could be easily achieved at 80 m/week.

3.3 Tunnelling in the first. sand layer.

There were only two contracts where tunnels penetrated
into first sand layer. Both were completed by the aid of
slurry shields. However, there were severe difficulties
encountered during the start of the work which were a
valuable lesson. The first application of the slurry shield
was to rescue and replace a stalled full-faced mechanical
shield in a flowing sand section of the very first contract
of the water transmission project. The shield successfully
excavated this 4-km long section of 3.4 m diameter
tunnel. The second application was for 0.7 km-length
tunnelling of river crossing section' of the same project.

It was initially expected that the water bearing
sand layer could be tunnelled through using full faced
mechanical shield with an aid of compressed air.
However, shortly after the tunnel was advanced into the
sand layer, the shield started to cut free into the saturated
sand. The sand flowed into the heading through the slots
in the cutter head. An attempt was made to raise the
compressed air pressure to stabilize the face but in vain
as the air pressure could not be increased soon enough to
halt the incoming flowing sand. And finally the air
pressure could not be raised beyond 0.7 bar because
leakage occurred through the collapsed sand layer and
the overlying soft clay in front of the tunnel face
(Tungsavadi, 1978). No stiff clay layer existed in the
area. A large sinkhole developed in the road surface
above the tunnel face. Severe ground movement in the
vicinity of the shield led to severe cracking and distortion
of concrete segments. As a remedial measure, chemical
grouting was carried out andthe area ahead of the shield
was backfilled with grout. The mechanical shield was
dismantled and replaced with a slurry shield which
successfully completed this 4 km length of tumiel.

In the river crossing tunnelling, severe water



inflow problem was experienced at the start-up of slurry
shield shoving from the launching shaft as the shield
penetrated into a sand lense connnonly existing along the
river bank area. Chemical grouting was attempted but in
vain. Finally, the problem was solved by pressurizing the
.construction shaft with 2.5-bar compressed air pressure.
The slurry shield was then able to advance safely from
the unstable ground at the shaft. Throughout the
remaining length of the shield advance, a compressed air
pressure of about 1.5 bars was maintained at all time to
prevent water ingress from the river. 'The minimum soil
cover from the river bed was 6' m. A provision for
preventing air leakage to the river bed was the placement
of ballast, along the tunnel alignment. Tunnelling with
the slurry shield underneath one river bank caused
surface settlement of around 100 to 200 mm which
resulted in severe damage to an adjacent two-storey
building supported by short piles.

One major problem in operation of the section of
water transmission tunnels completed in the early
contract of the project was leakage. The leakages were
frequently detected at numerous places throughout the
24-km long pressure tunnel lined with cast-in-place
concrete lining with heavyreinforcement. The leakage
gradually caused internal soil erosion and large sinkholes
to develop above the tunnel line in some places. Two
leakages just appeared on the ground surface in early
1996, 15 years after completion. On the basis of the
pattern and width of cracks and their location along
turmel aligmnent, there was no proof that these cracks
were caused by land subsidence. Instead, it is likely that
they were the result of poor workmanship, especially in
the backfilling of primary lining and casting of final
lining. In addition, the design to adopt a concrete lining
for the pressure tunnel in soft ground was skeptical.
Relining with steel was adopted to remedy the problem.

3.4 Ground movement caused by tunnelling

Despitethe fact that more than 60 'km length of shield
tunnelling has been made, there has been no systematic
monitoring of ground movements. Only in the recent
tunnel projects have decent instrumentation programs
been specified.

On the basis of the available monitoring data, it
was found that for small sized shield tunnelling, small
surface settlement in the order of 20-60 mm generally
occurred above 2.0- to 3.4-m-diameter (i.d.) tunnels at
depth of 16-18 m. For the EPB shield tunnelling of 3.2
m diameter tunnel in the stiff clay at depth of 16 m, the
maximum ground settlement was in the order of 10-25
mm (Fig. 2). In the soft to medium clay the EPB shield
tunnelling of 2.5 m diameter tunnel at depth of 10-12 m
created maximum settlement of 20 to 40 mm. Only
limited record of settlement trough profiles above a
tunnel in Bangkok soil is available. The observed
settlement trough occurring above 3.2 m diameter (o.d.)
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Fig. 2 Maximum Ground Settlement Induced by EPB
Tunnelling in Bangkok Soil.

open-faced shield tunnelling in the stiff clay layer can be
compared with those predicted by Peck (1969) in Fig. 3.
On the basis of the settlement data it can be derived that

5% of tunnel ground loss occurred in open faced shield
tunnelling in Bangkok stiff clay.

Even though there were cases that small sized
buildings founded on short piles were damaged by
close proximity tunnelling, there had been no report or
evidence of damages from the tunnelling to structures
founded on deep pile foundations for both driven piles
or deeper bored piles. However, this ‘aspect needs to
be f1.1rther investigated carefully as in the up-coming
subway tumielling project larger sized tunnels will be
constructed very close to existing buildings, flyovers
and bridges. Regarding the apprehension about the
damaging effect of Bangkok land subsidence on tunnel
structures, there has been no concrete evidence in the
existing tunnels to substantiate it.

4. CUT-AND-COVER TUNNEL

éln the second phase of the water transmission tunnel
system, the cut-and-cover method was used as the main
construction method because most of the alignment could
be placed in the open areas and along the light traffic
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Fig. 3 Comparison between Observed Settlement
Trough and "Prediction by Peak (1969) ’s
Method.

roads. Braced steel sheet pile was used as the temporary
support for trench excavation. A construction constraint

-led to theselection of one-level bracing, resulting in a
large free span of the sheet pile wall between the strut
and trench bottom which made the wall very flexible.
For the soft_ Bangkok clay, the theoretical maximum free
span (2c/1) of wall is 2.0 to_2.5 m. The sheet pile wall
for the 5.5 m deep trench had a free span of 4.5 m
which was very excessive. Consequently large ground
movements occurred in most of the cut-and-cover
sections. Fig. 4 shows the final settlement profiles and
magnitudes across a 4.4 In deep cut-and-cover' trench
excavated along a secondary road. The final ground
surface elevation was recorded after s-heet pilepulling.
The maximum ground settlements were mostly in the
order of 100-250 mm (2.5-6.0 % of excavation depth);
far beyond the level suggested by Peck (1969). It is well
known thatremoval of sheet piles will leave voids in the
ground, at least equal to the volume of sheet piles being
removed. In Bangkok, it was found that as much as 40
75 % of ground movement observed at the completion of

the construction was induced by sheet pile pulling. Part
of the reason was due ‘-to an increase in voltune of void

created by thick clay slab being firmly adhered to the
face of the long sheet pile. Many preventive measures to
minimize this effect were tried but not effective.

In the future subway project, the cut-and-cover
method will be most likely employed for construction of
stations. Multi-level struts system will be adopted for
such deep excavations in which ground movements need
be controlled below a safe level. As the deep braced
excavation has been extensively used for excavation of
basements of large buildings in Bangkok, the expected
level of maximum ground movement for various type of
walls i.e. steel sheet pile wall (S-wall), concrete
diaphragm wall (D-wall) and contiguous bored pile wall
(CB-wall) can be estimated from results of a study on
previous projects conducted by the author (Phienwej et
al, 1995) shown in Fig. 5. It can be seen that for a
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reliable control of ground movement adjacent to the
excavation, the flexible steel sheet pile wall system is not
suitable.

5. FIRST STAGE BANGKOK SUBWAY
PROJECT

Bangkok has a long history of planning for mass rapid
transit, starting 25 years ago. However, the decision on
implementation of the project has struggled throughout
these years and did not materialize until last year when
the Master Plan was approved. The first stage subway
project to be implemented according to the Master Plan
will have its entire 20 km length put underground. The
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government will subsidize 80 percent of .the project cost
and 20 percent will come from private investors. The
construction of the project will be a fast-track turnkey
type. At present the preliminary alignment design was
completed. The initial section of the alignment runs
along underneath one of the busiest roads of the city.
The alignment design has to accommodate the existence
of the pile foundation of the long flyover viaduct and
water supply transmission tunnel running underneath the
road. As a consequence configuration of the twin single
track tunnels (5.7 m diameter) will be both parallel and
vertically stacked. The tunnel are to be placed at 17 to
30 m depth in the stiff clay and sand layers. Under
pirming and soil improvement works will be needed for

many canal bridges existing along the tunnel alignment.
i

CONCLUSIONS

- Experiences from construction and operation of
previous and current bored tunnelling works of small
sized tunnels indicate that the underground space of
Bangkok can be developed_for transportation use despite
the adverse _conditions of soft subsoil, land subsidence
and flood risk.

- For bored tunnelling of large sized turmel, either earth
pressure balanced shield or slurry shield is suitable.
There is proven record on the performance of these
shield types in Bangkok subsoils.
- Only limited amount, of monitoring data on ground
movement associated with bored tunnelling in Bangkok
is available thus it needs further investigation for
successful implementation of future projects. It is the
same for the effect of tunnelling on pile foundation of

adjacent structures, though there has been no evidence of
serious problem_on long piles.
- Braced excavation with steel sheet pile in Bangkok soft-_'

clay for cut-and-cover construction usually resulted in
large ground movement due to the low stiffness of the
wall and voids created by sheet pile extraction. It is not
suitable for excavation of subway stations.
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