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Field observations on large excavation in reclaimed land in Tokyo Bay
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Metropolitan Expressway Public Corporation, Tokyo, Japan

'1TYaoyama & S.Sakajo
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SYNOPSIS: The Metropolitan Expressway "Tokyo Bayshore Route" is under construction on young-aged

reclaimed land on the west coast of Tokyo Bay. To complete the entrances of undersea tunnels, a
cut-and-cover method was adopted. Size of the excavation at each entrance is very large. As the
ground is extremely soft, steel-pipe sheet piles were installed all around the excavation. The
ground to be the bottom part of the excavation was improved using a deep cement mixing method which
aims to prevent heaving or increases in passive earth pressure. During observations, it became
clear that ground improvement is effective in preventing heaving. However, deformation of sheet
piles and axial stress on the struts exceeded the design values in many places. Based on the
analysis of the data acquired, it was found that back calculated moduli were much lower than those
applied in the initial stage of the construction.
1. INTRODUCTION

In the Higashi Ohgishima portion of the land

tunnel, which is on the west coast of Tokyo
Bay, the excavation was 37 - 40 m wide, 13 

35 m deep, and about 500 m long. Both

dewatering and soil improvement methods were
employed for excavation.

Continuous field observations have been
carried out during the work using various

geotechnical instruments installed on the earth
retaining structures and surrounding ground.
According to the results of inverse analysis
of the earth-retaining structures taken at the
time of excavation, by FEM using observation
data, the resistance, particularly on the
passive side was found likely to be considerably

small, that is, about 10 - 50% of the initial
design
value. _ _
This paper shows the results of observations

during excavation.

2. OUTLINE OF THE GROUND AND EXCAVATION

2.1 Ground

The excavation site is reclaimed on soft soils

existing to a depth of more than 40 m below the
surface.
These soils include the following from the top
downward:
1) Reclaimed soils (symbols: Bs, Bc): Bs is

rather loose sandy soil with an N value S 10
(standard penetration test) while Bc is very
soft silt with a natural water content (Wn) of
90 - 100% and N value S 1. The entire thickness
of these soils is about 5 - 8 m.

2) Upper alluvials (symbols: Acl, Asl): Acl is
very soft silt to clayey soil with Wn = 40 - 50%
and N value S 0 - 2 while Asl is loose to
medium sandy soil with N value 5 2 - 20. The
entire thickness is about 13 - 15 m.
3) Middle alluvials (symbols: Ac2, As2): Ac2

is soft silt to clayey soil with Wn = 50 - 90%
and N value 5 1 - 4 while As2 is loose sandy

soil with N value = about 10. The entire

thickness is 20 m or more.
2.2 Excavation

For the excavation and earth retaining works at
the site concerned, the earth-retaining
structures were constructed by installing steel
pipe sheet piles into the ground. Then, the soil
was improved to a depth of 16.60 - 31.6 m from

the ground surface on the excavation side by
arranging CDM piles in a contact column pattern.
CJG was injected subsequently to fill the gap

between sheet piles and CDM piles (see Figs. 1
and 2). Only after completion of soil
improvement as described above, was excavation
started, proceeding sequentially from first
stage excavation -> first stage struts -> second
stage excavation ..... -> sixth stage struts to
the final excavation to a depth of 20.9 m from
the surface at site. Note that the above soil
improvement was intended to prevent heaving of
the excavated ground to maintain the reaction

force of the ground. Note also, that, at

completion of the fourth stage excavation,
dewatering using a deep well was carried out to
prevent heaving due to water pressure at the
bottom part of the excavation.
3 . OBSERVATIONS

3.1 Outline of the observations

For this site, deformation of the ground was
expected to be heaving due to base failure and
heaving due to water pressure because the ground

is soft and the groundwater level is high.

Deformation expected of the earth-retaining
structure itself included displacement of the

middle
part with
of sheet
piles,
deformation
forward
orexcessive
backward
inclination, buckling of struts, etc.

In order to ensure safety during excavation at

this site, observations using geotechnical
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Figure 2. Detail configuration of the soil improvement

instruments were made on the ground and on the
earth-retaining structure as shown in Table 1.

3.2 Results of observations

The results of observations conducted on the
site are described below. “
`Fig. 3 shows the deformation state of the
earth-retaining structure. As can be seen from
this figure, the wall developed a maximum
lateral displacement of 24 cm toward the back

side of the excavation during soil improvement.
During excavation, on the other hand, the upper
wall portion developed displacement toward the

back side of the excavation while its lower
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Figure 3. Deformation ofa steel-pipe pile wall

portion showed displacement toward the
excavation surface. At completion of the
excavation, the lateral displacement induced by
excavation below the bottom of the excavation
reached a maximum of 14 cm.
Fig. 4 shows the depth distribution of lateral

pressure on the earth-retaining structure and
Fig. 5 the distribution of water pressure. As
shown in these figures, the lateral pressure

and water pressure tended to decrease gradually
as excavation progressed. The decrease in water
pressure on the excavation side showed a
particularly remarkable decrease with a maximum

value of 3.3 kgf/cm2. Note also that the

lateral pressure on the top of the soil

improvement piles was larger by about 2 - 3

kgf/cm2 after improvement than before
improvement.

The time-course change in the reaction force

of struts is shown in Fig. 6, in which the
reaction force of first- and second-stage

struts tended to decrease as the excavation

progressed.
In contrast to this, other
struts showed the reaction force increasing.
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Figure 4. Lateral pressure developed on a retaining wall
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Figure 6. Development of strut load

In particular, the reaction-force of fourth
and fifth-stage struts reached a peak at the
sixth stage excavation at a depth of 18.1 m or
the seventh (final) excavation at a depth of
20.9 m.
Fig. 7 shows the fluctuation state of the

ground around the excavation and the groundwater

level. The graph at the top shows the

excavation depth, the second graph from the top
the rebound of the excavation side ground, the

third graph the groundwater level outside the
excavation, and the bottom graph the time
course change in the subsidence of the ground at
the rear of the excavation. As is illustrated,
the ground during excavation rebounded suddenly
at the time of the fourth stage excavation at a
depth of 12.1 m, but the maximum degree of
rebound was 4 cm even at the final excavation.
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On the other hand, the ground surface at the
rear of the excavation began to subside 10 to

40 days after begining dewatering using a deep
well.
In 220 days after 'the start of
dewatering, subsidence amounted to 18 cm and 14

cm respectively at the-No.1 point and No.2
point, each distanced about 40 m from the
excavation area, and -about 8 cm at the No.3
point at a distance of about 120 m.

3) The stress on the excavation bottom was
released as excavation progressed, allowing the
excavation bottom to rebound. Consequently, the
passive lateral pressure decreased along with an
increase in the deformation of the'earth
retaining structure.

4) The ground at the rear of the excavation
subsided along with dewatering using a deep

well, causing negative friction on the wall
surface. Consequently, deformation of the
earth-retaining structure grew.

4. CONSIDERATIONS

When the observation results are considered on
the basis of the analytical results, it appears
that the following phenomena occurred in the
earth-retaining structure and surrounding
ground during soil improvement and excavation
(Fig. 8).
1) Excessive pressure was produced which acted

on the earth-retaining structure, causing the
wall
to be displaced greatly toward the rear
side of the excavation.
2) The columns made by CDM method separated

and deformed along the_weak contact line,

causing a decrease in the ground reaction force
and resulting in extreme deformation of the wall
toward the excavation side.

.
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1

the data obtained from the observations were
compared with the initially predicted values

made during design. when they deviated

substantially, an investigation was made to find

out the cause and appropriate measures were

taken. This project could therefore be

completed without any significant mishap.

It became apparent from observations and
analytical results that the following points
must be taken into account when an earth
retaining structure is to be designed for soft
ground.

1) Effect of deformation of the earth

the earth-retaining structure. Setup of the

.
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Excavation at the site was pushed forward while

retaining structure due to soil improvement on
the execution of the excavation
2) Effect of subsidence of the surrounding
ground caused by dewatering on the members of
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5. CONCLUSIONS
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mechanical properties and conditions while

considering drainage for dewatering.
3) Type of soil improvement for the base of
earth-retaining structures and improvement shape
vs improvement effect.
What is essential therefore is to conduct a
so-called information-based excavation work, in

which
a simulation
analysis
is made using
observation
results
to examine
the
countermeasures (reinforcement of earth
retaining members), in addition to observation

of
the earth-retaining
structure
during
excavation.
It is essential
in this case
to

understand changes in the ground mechanical
properties and accuracy of construction work
fully as well as to conduct observations.
In this way, the design and excavation
approaches can be further rationalized in the
future.
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