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Ground movements in shield tunneling in Bangkok soils
Déplacements de terrain dans les sols de Bangkok lors de creusements en bouclier

Noppadol Phienwej — Asian Institute of Technology, Bangkok, Thailand

ABSTRACT: Ground movements in soft ground tunnelling in Bangkok soils in all projects to date were studied. More than 60
km of small sized tunnels (diameter < 3.5m) have been constructed using shield tunnelling technique. Generally, the amount of
induced ground movements in term of settlement ratio ranged from 2 to 4 % for tunnels placed in the soft clay layer or the
underlying stiff clay layer. The maximum surface settlement ranged from 15 to 60 mm which did not cause any damages to
adjacent buildings founded on long piles. A large portion of the movement occurred after the passage of the shield in tail void
region which need to be improved in upcoming subway tunnel projects. The shape and width of settlement troughs is comparable

to that suggested by Peck (1969).

1 INTRODUCTION

Next decade will be an era of underground construction
works in Bangkok to ease the city’s traffic congestion crisis
and other infrastructure and utility shortage. Leading the
way is the project of the first subway line which consists of 20
km long twin tunnels. The construction is due to start in mid
1997. Ironically, it will be the first tunnel project for
transportation use in the city which has been long swarmed
with more than 8 million people. One of the concerns in the
construction of tunnels in Bangkok is risk of damage to
adjacent buildings from ground movements. The alignment
of the tunnel will follow relatively narrow right of way of
densely built-up city roads. It is further complicated by soft
subsoil conditions and unknown foundation conditions of
adjacent buildings along the tunnel line.

Although tunnelling of large sized tunnels such as that of
the subway ( 5.7 m i.d.) has never been made in Bangkok, the
city has ample experience in construction of small sized
tunnels (2-3.5 m i.d.) for water transmission, sewer line and
storm drains since 1974. Altogether there have been more
than 60 km of small sized tunnels completed to date. All of
these tunnels which were placed at depths of 6-18 m were
constructed using shield tunnelling technique. Considerable
experiences had been gained from the construction of these
tunnels in the soft and subsiding ground of Bangkok which
will be useful for planning and construction of up-coming
tunnel projects, particularly on the aspect of ground
movement and its effect on adjacent structures.

2 BANGKOK SUBSOILS

Bangkok is situated on the low lying Chao Phraya (name of
the main river) plain which is underlain by very thick series
of soil deposits. In the upper 35 m zone where most
foundation and excavation works are limited to, the subsoil
profile is relatively uniform throughout the whole city area.
It consists of layers of soft to medium clay, stiff to hard clay,
and dense sand in sequence from the ground surface.
Underneath these soil layers are alternating layers of stiff to
hard clay and dense sand existing to a great depth. The soft
silty clay layer of marine origin (known as the soft Bangkok
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clay) extends from ground surface to a depth of 12 to 15 m.
Its undrained shear strength ranges from 10 to 20 kPa and
sensitivity is 3-8. The water content is 70-120 % and
plasticity index is 60-65 %. Underlying the soft clay is a stiff
to hard silty clay layer with thickness ranging from 5 to 15
m. N-value is around 10-25 and undrained shear strength is
50-150 kPa. The water content is 25-40% and plasticity index
is 15-30. The clay layer is firm and impervious which make
it an ideal medium for tunnelling.

A layer of dense, fine to medium silty to clayey sand
underlies the stiff clay layer. It is normally encountered
from 20-m depth with thickness ranging from 5 to 15 m. N-
value ranges from 30 to 60. The sand layer is saturated but
the water head is lower than the hydrostatic head of a
shallow groundwater level at the ground surface due to the
effect of excessive well pumping from deep aquifers. The well
pumping has caused serious land subsidence throughout the
city area. At present the peizometric drawdown in the sand
layer is normally in the range of 12-20 m. The subsidence
still continues at present. Within the inner city area where
underground construction works will be concentrated, land
subsidence currently develops at a rate of 10-20 mm/year. A
portion of this subsidence is from the consolidation of the
soft and stiff clay layers in 20 m depth zone due to the pore
water pressure decline. This will cause long-term differential
settlement of structures founded on different foundation
depths.

Due to the presence of the thick soft clay layer, most
buildings built in Bangkok are founded on pile foundation.
For old buildings, short friction piles (6-8 m long) floating in
the soft clay layer were commonly used. These buildings are
vulnerable to deep excavation and tunnelling. For modern
buildings, driven concrete piles with tips extending to the
first sand layer at depths of 20-30 m are normally used for
light to medium sized structures. For heavy structures or tall
buildings deep bored piles with tips extending to depths
more than 40 m are commonly used. The presence of these
piles in Bangkok ground complicates the design and
construction of tunnels.



3 TUNNELLING TECHNIQUE

Due to soft soil condition, shield tunnelling technique was
used in all tunnel projects carried out in Bangkok. Most of
these small sized tunnels were placed in the stiff clay layer at
a depth of 15-20 m as it is the ideal ground for tunnelling.
Shields used in the earlier projects for tunnelling in the stiff
clay layer were either of an open-faced manual or semi-
mechanical type with an aid compressed air. These shields
generally performed well except for some sections where the
alignment locally intersected zones of soft clay or saturated
sand located at non-typical depths in which serious shield
control may occur.

Tunnels placed at shallow depths in the soft Bangkok
clay in all past projects have been successfully constructed
with blind shields. A use of an open face shield with an aid
of compressed air in the very first tunnel project in 1974
faced serious squeezing problem of the soft clay during initial
driving at a depth of 6 m. The shield was eventually
converted to a blind type which successfully excavated the
tunnel.  The open face shield was never used again for
tunnelling in the soft clay layer.

Slurry shields were used in construction of tunnels placed
at depths of the first sand layer in the earlier projects. One of
these slurry shields replaced a fully mechanical shield that
failed to advance through a sand layer found at a depth of 16
m in the very early water tunnel project (1977). A collapse
due to flow of sand occurred despite an attempt to maintain
face stability with an aid of high compressed air pressure. A
collapse resulted in a large sinkhole on the above road
surface.

Recently, earth-pressured balanced (EPB) shields were
chosen to excavate tunnels in the latest 2 projects, i.e. 9-km-
long sewer tunnel and 11-km-long water tunnel, which
penetrated through all 3 shallow soil layers of Bangkok (the
stiff clay, soft clay and first sand layers) between 10-20 m
depths. The earth pressure balance mode was activated
wherever the shield encountered the soft clay or sand layer.
For driving in the stiff clay layer which is the majority of the
tunnel length, the earth pressure balance mode was not
activated and the shield operated like an open face shield.
The shield showed very good performance and it is now
considered to be the most suitable type of shield for
construction of large sized tunnels in Bangkok soils. Ground
movement data obtained from instrumentation programs
carried out in these two projects constitute the majority of
existing information from past tunnel projects in Bangkok.

4 GROUND MOVEMENTS

Although more than 60 km of shield tunnels have been
constructed in Bangkok, few studies were made on the
associated ground movement and its effect on adjacent
structures. In all of the earlier projects, little attention was
paid on this aspect. Only ground surface settlement surveys
were made at scattered places. Useful information was only
obtained in recent projects during the last 5 years in which
instrumentation programs for ground movement monitoring
were specified. The instrumentation works were carried out
and reliable data were collected and analyzed under a
research program directed by the author (Ramasamy, 1992,
Thongyot, 1996 and Kongdaeng, 1996).

Limited data from the earlier projects (1977-1985)
indicated that the settlements on the ground surface above
these small sized tunnelling were mostly smaller than 50 mm.
Only one serious incident occurred in which a large sinkhole
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developed on the ground surface due to tunnel face collapse
in the very first water tunnel project due to a mismatch of
the shield type with the saturated sand layer mentioned
earlier. Prior to this incident there was another serious
settlement problem which occurred in the very first tunnel
project of Bangkok during the initial drive of an open face
shield with compressed air in the soft clay layer as mentioned
earlier. Again it was due to the mismatch of the shield with
the ground. These are the early two cases of collapses and
serious ground movement problem during construction ever
occurred in Bangkok tunnel history.

Well documented instrumentation data of four recent
projects revealed that maximum ground surface settlement
of shield tunnel drives at depths between 10 m and 18 m
ranged from 15-60 mm. These small sized tunnels (2 m to 3.5
m i.d.) were excavated using open face shield mode in the
stiff clay layer and EPB mode in the soft clay layer. In the
stiff clay, the tunnel crown had at least 1 m of stiff clay cover
underneath the soft clay layer. Bolted concrete segmented
rings were erected as primary support. In term of volume of
tunnel ground loss or settlement ratio (defined as Ay/A;
where Ag is the area of settlement trough and A;is the area
of the excavated tunnel cross section), it was in the range of 2
to 4 % with some as high as 6%. This relatively high ground
movement of shield tunnelling in Bangkok soils was
primarily attributed to large ground movements permitted at
the tail void after the clear passage of the shield as clearly
shown by the pattern of development of ground settlement
over tunnels at various stages of shield advance in both the
stiff clay layer case (Fig. 1) and in the soft clay layer case
(Fig. 2). This portion of tunnelling induced ground

Earth Pressure Balance Shield, Depth=18 m, O.D.=2.85 m, Stiff Clay
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Figure 1 Maximum ground surface settlement along a shield
tunnel drive in the stiff clay
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Figure 2 Maximum ground surface settlement along a shield
tunnel drive in the soft to medium clay



movement was believed to be caused by delayed completion
of segment grout backfilling. There was clear difference in
the rate of settlement developed due to the tail void closure
between tunnelling in the stiff clay and the soft clay. For the
soft clay, the tail void settlement was more sudden as
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Figure 3a. Lateral ground movement parallel to shield drive
at various stages of advance

—O— Stield face = -5m
—0— Shield face & 3m
—A— Shield face @ -1m
— 36— Shield face 2 Om
—— Shield face & +1m
——Shiddface® +2m |
—O— Shield face = +3m
—— Shield face & +5m
—A— Shield face  +8m
—8— Shield face 2 +12m
—0— Shield face @ +63 m
H —o—Suddfaceat+2m |-

20

25

-10 -5 0 5 10

Lateral Displacement Profile toward Tunnel (mm)

Figure3b. Lateral ground movement perpendicular to shield
drive at various stages of advance
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generally expected. The settlement plots in Figs. 1&2 further
show that consolidation settlement after the tail void closure
was not significant because the measured settlement showed
little or no increase after 60-80 m behind the shield which
was only 1-2 weeks after the excavation. Another clear
evidence to support the conclusion that large tail void closure
was the cause of the relatively large ground movement over
shield tunnelling in these projects is the observed pattern of
lateral ground movements developing near the tunnel at
various stages of advance of the shield face through a
reference section shown in Figs. 3a&3b. Lateral ground
movements in the directions perpendicular and parallel to
the shield driving in the stiff clay layer were shown in the
figure. Large portion of the ground movement developed
after the passage of the shield and toward the newly created
tail void left behind the advancing shield tail.

The settlement ratios induced in shield tunnelling in
Bangkok soils are plotted versus the stability number (YH/S)
in Fig. 4 and they are compared with the guidelines and
measured data elsewhere. No clear trend of the relationship
is seen for Bangkok data.

The observed shape of the “green field” settlement trough
(Fig. 5) follows the error function shape recommended by
Peck (1969). The tunnel was excavated using an EPB shield
in the stiff clay layer overlied with a thick soft clay layer
underneath a railway right of way which was free of any
other nearby structures. The width of observed settlement
trough, measured in term of VR (where R is the tunnel
radias) was in the range of 4 to 6 which is comparable with
the range suggested for soft to stiff clay by Peck (1969).

There were cases that small buildings founded on short
friction piles were affected by close proximity tunnelling.
However, there have been no reports that buildings
founded on deep pile foundations suffered structural
damages from ground movements caused by tunnelling in
the past projects. Experiences from deep excavations using
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Figure 4. Relationship between settlement ratio and stability
number (Modified after Shirlaw and Copsey, 1987)
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Figure 5 Settlement trough over a tunnel in the stiff clay
layer
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Figure 6 Settlement trough distorted by adjacent long pile
foundation

steel sheet piles in Bangkok showed that these deep pile
foundations were not so vulnerable to the large ground
movement induced by the excavation which in some cases
could be as high as 100 mm. However, the presence of the
foundation piles in close proximity of the tunnel could affect
zone of ground movement which can be seen in the observed
distorted settlement trough of one tunnel drive (Fig. 6)

5 CONCLUSIONS

Ground movements in shield tunnelling in Bangkok soils
in all past projects were studied and the main conclusions
are as follows:

W Although the magnitude of ground movements in
tunnelling of small sized tunnels were not large (15-60
mm), in term of settlement ratio they were relatively
large (2-6%) and should be improved in future large
sized tunnel projects.

The reason for the large ground movement was large
tail void closure after clear passage of the shield.
Improvement in grout backfilling of tail void behind
segmented rings could significantly help minimize the
ground movement.

Shape of the observed settlement trough closely
followed that recommended by Peck (1969) but it
could be distorted by nearby long foundation piles.
Since existing ground movement data were only
limited to small sized tunnels, further study is of much
need for larger sized tunnelling which may behave
differently as mixed face condition is typically
expected.
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