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SYNOPSIS: This case history concerns the monitoring of base heave that occurred during the construction of a
cut and cover tunnel on reclaimed ground in Tokyo Bay. From the measurements, it is apparent that the base
heave is mainly influenced by the lateral displacement of soil beneath the toe of the embedded wall, and the
change of pore water pressure in the soil below the improved layer.

1 INTRODUCTION

Analysis of base heave can be performed by several
methods, all of which are essentially based on the
assumption that-the ' soil deforms under undrained
conditions. The water table in soft ground is usu-
ally near the ground surface. After excavation,
there is a difference between the water level on the
inside and the outside of the wall. If the excava-
tion takes a fairly long time, water movements in
and around the excavation can occur even in a clayey
ground, by flow beneath and along the wall. In
these cases, it is necessary to consider the effec-
tive stress conditions for analysis of base heave.

This case history concerns the monitoring of base
heave that occurred during the. construction of a
tunnel by the opeh-cut method on reclaimed ground
in Tokyo Bay. The tunnel concerned was the Haneda
Airport Tunnel on the 8th Loop Road in Tokyo area,
which is one of the access roads to Tokyo Interna-
tional Airport. :

At the project sites, a soft clay and a loose sand
are present below the ground surface. The thickness
of the alluvial deposit is about 4im. The water
table is about tm below the ground surface. There-
fore, the factors of safety against base heave
during the excavations were quite low.

Generally, the countermeasures to prevent base
heave could include adopting an adequate wall of
high stiffness and embedding it sufficiently into a
firm soil layer. However, if the soft clay extends
to a great depth below the excavation, it may be
uneconomical to extend the entire wall to the firm
layer. In this project, adopting a reasonable
length for the embedded portions of the walls meant
it was not possible to extend them into a firm
layer, so instead the soil below the excavation bot-
tom was improved by the Deep Mixing Method (the so-
called DMM). Therefore, in effect the retaining sys-
tems were floated in the soft soil layer.

In addition to these countermeasures, monitoring
was carried out by instrumentation to measure the
movements of the retaining systems and the soils
adjacent to the excavation.

From these measurements, it is apparent that the
base heave is mainly influenced by the lateral dis-
placement of the soil beneath the toe of the embed-
ded wall, and the change of pore water pressure in
the soil below the improved layer.
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2 CONSTRUCTION METHODS AND GROUND CONDITIONS
2.1 Construction methods

Fig.1 shows the longitudinal section along the pro-
ject. The section has total length of about 1,538
meters, and includes a retaining wall about 651m
long, a tunnel 688m long, an embankment 55m long
and a bridge about 14i4m long.

The cut and cover tunnel, to be made in the form
of a box-culvert that was divided into four blocks,
was constructed by the open-cut method. The con-
struction began in 1986. The excavations were from
11m to 18m in depth and from 24.5m to 30m in width.
Because not only was the base stability number Nc.
proposed by Peck(1969) 7.5 at the site where the
most deep excavation was to be carried out, but also
only a little smaller than 7.5 at the other sites,
it was possible for failure to occur by base heave.
Therefore, the following countermeasures to prevent
failure by base heave were carried out throughout
the project: (1) improvement of the soil below the
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excavation bottom; (2) adoption of steel pipe piles
for retaining walls in block-1 and block-2 shown in
Fig.3 and sheet piles of high stiffness in block-3
and block-U4; and (3) pre-loading for the struts.

As shown in Fig.2, most of the soil below the ex-
cavation bottom was improved up to a depth corre-
sponding to the toe of the embedded wall by the Deep
Mixing Method. The soil close to the embedded por-
tion of wall was improved by the Column Jet Mixing
method (the so-called CJM). The desired unconfined
compressive strength of the soil was 0.4 MPa below
the excavation bottom and 0.1 MPa above the bottom.
These operations were done after the first stage of
the excavation down to about 2m in depth below the
ground surface.

The amounts of base heave became larger by degrees
as the excavation progressed and the H section

steel props used to support the struts heaved up too.

The struts near the ground surface suffered large
bending moments from these props and came near to
the condition of failure. Therefore emergency mea-
sures were taken to reinforce the struts, cut down
the retained ground to a depth of 2m from the ground
surface, and dewater the excavation by deep well.

2.2 Ground conditions

Fig.3 shows the longitudinal section of the geology,
with the bottom of the excavation and the toe of
the embedded wall (which is equivalent to the bottom
of the improved layer). The marks A to F in the
figure are the sites of the instrumentation.

Alluvial deposits extend to a depth of about A.P.-
40m from ground surface. Each of the strata Bc ,Ac:
& Asqi shown in Fig.3 had been reclaimed in recent
years. The soil profile of the B. stratum consists
of various kinds of soil and lumps of concrete de-
posited by other construction projects, and is from
2m to 5m in thickness. The Aci stratum is an organic
clayey soil of which thickness varies remarkably,
from 1.5m to 15m. The As: stratum is a silty fine
sand containing pieces of shell, of which the
thickness varies from 2.6m to 7.7m.

The Asz and Ac: stratums are respectively marine
sand and soft organic clay alluvial :deposit. Each N-
value of these stratums from the standard penetra-
tion test was about 8 and less than 5. The distri-
bution of the sand stratum As. as'shown in Fig.3
corresponded to the embedded portions of the walls
in block-1, while in block-2 and block-3 it existed
above the bottom of the excavation. A considerable
effort was made to improve this sand stratum. The
unconfined compressive strengths of the improved
sands within block-2 were 0.1 ~ 0.9 MPa in the exca-
vated part and 0.7 ~ 2.1 MPa bellow the bottom of
the excavation.

2.3 Instrumentations

The geological log and a schematic of the instrumen-
tation for the retaining system at site-C is shown
in Fig. 4. To measure the lateral deformation of the
retaining wall and the lateral displacement of the
soil below the wall, the guide pipe for the incli-
nometer was installed along the wall and extended
into' a firm layer of soil to a depth of A.P.-50m.
Also in the retained ground at 9m distance from the
wall, a similar guide pipe was installed to measure
the lateral displacement of the subsoil.

The measurement of bottom heave was carried out by
electric settlement gauges with center hole rods,
which were set in the improved layer and the clay
layer below that. At the same time, a level survey
has been taken to measure the amount of heave at the
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tops of the props and walls, together with the
ground surface.

The pore water pressures in the clay below the im-
proved layer depend on the amount of base heave and
the lateral displacement of the soil beneath the
toe of the embedded wall. After improvement,
piezometers were installed in the clay stratum be-
low the improved layer. The water table of the re-
tained ground was also measured by piezometer in a
well at a location 16m behind the wall.

Earth pressure cells, water pressure cells, and
strain meters were installed in the wall before the
walls were installed. Axial forces in the struts
Wwere also measured by strain meters. However these
measurements are not described herein because they
are without the scope of this report.

Personal computer systems were used to measure and
analyse many kinds of data on real time, according
to the construction sequence.
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Fig.l4 Schematic of instrumentation

3 RESULTS OF MEASUREMENTS

3.1 Deformation of wall, displacement of soils,
and base heave

The deformations of the walls at sites C, D and B
corresponding to the various stages of the construc-
tion sequence are shown in Fig.5, together with the
lateral displacements of the retained ground and
the amounts of heave at the tops of the props and
walls. The numeral that is appended to each measure-
ment represents one of the construction sequences
as shown in a table within Fig.5.

As shown in Fig.5(1), during the first stage of
excavation at site C to a depth of 2m, the retaining
walls deformed as a cantilever. The improvements
carried out just after the first excavation caused
the embedded portion of the wall to deflect 30mm
towards the retained ground. At the same time, the
head of wall inclined about 140mm towards the exca-
vation side. The manner of deformation was like a
rotation of which the center was near the As:
stratum. Moreover, the influence of the improve-
ments appeared in the subsoil 9m away from the wall
also.

Significant movements also occurred during subse-
quent excavations. From the results of the incli-
nometer readings, it is considered that two slip
planes occurred in the retained ground. One ex-
tended from a depth of 8m at a location 9m behind
the wall to a depth of 16m along the wall. Another
one extended from a depth of 24m at a location 9m
behind the wall to a depth of 33m along the wall. It
is considered that the second slip plane would have
caused the base heave.

Inclinometer readings taken after completion of



the bottom excavation showed continual movement due

to creep, although no excavation was going on. The
lateral displacement of soil beneath the toe of the
embedded wall due to creep increased the amount of
base heave and caused heave to the props of struts
up to a maximum of 195mm. Consequently, the struts

installed at the upper levels were bent like an arch.

At site D shown in Fig.5(2), more large incli-
nometer readings and measurements of the heave of
the props to the struts were obtained in comparison
with those at site C, although the depth of excava-
tion of 15.3m at site D was smaller .than the 18.3m
at site C. The maximum amount of heave was obtained
at the center of the locations where a group of
props were installed and reached 90mm during the Uth
stage of the excavation. The value immediately
started increasing during the 5th stage of the exca-
vation and reached 200mm upon completion of the
bottom of the excavation. Subsequently, the value
increased further due to creep and reached 280mm.

Fig.5(3) shows the similar measurements of the in-
strumentation at site B. The measurements obtained
showed smaller amounts of deformation of the wall

and heave of the props and walls than those at sites.

C and D, and the approximately uniform heave of the
props and walls.

It seems that the difference between the measure-
ment at each site depended on the effects of the im-
provement of the soil. The improvement by the Deep
Mixing Method involves installing a set of two bored
piles by single process into the in-situ ground to
allow mixing of cement with the soil. As shown in
Fig.2, a set of the improved piles is made close to
another set and has a tendency to slip along the
contacting. surface when heaving. The unconfined
compressive strength of the improved sand below the
excavation bottom at site B was approximately 2.0-2
9 MPa which was twice the 1.0-2.0 MPa of the im-
proved clay at sites C and D. Therefore, it is con-
sidered that the uniform base heave at site B oc-
curred because the sand layer below the bottom of
the excavation had been improved uniformly and per-
formed as a hard base plate.

Fig.6 shows the upward displacements of the
stratum below the improved layer at site C, which
varied according to the construction sequence. The
amount of upward displacement, which was measured
at various depths within the alluvial deposit A c»
became gradually smaller with depth. In the diluvial
deposit below a level of A.P.-38.9m upward dis-
placements did not take place.

3.2 Behavior of pore Water‘pressure

The changes of the over burden pressure o v and the
pore water pressure u according to the construction
sequence shown within Fig.5, which were measured
beneath the improved layer at sites B, C & E, are
shown in Fig.7, together with the heave of the prop
and the bottom of the excavation 6 v, & & v., and
the lateral displacement of the soil just beneath
the toe of the embedded walld us.

As shown in Fig.7(1), the rate of the decrease of
pore water pressure at site B according to the pro-
gress of excavation was lower than that of over
burden pressure, up to the final stage of excavation
But the magnitude of the pore water pressures became
not greater than that of the over burden pressures.
Each of displacementsé v,, 6 v. & 6 s« Was small
during excavation and became constant after comple-
tion of the excavation. Consequently, it seems that
the failure of the subsoil below the improved layer
has not taken place.

On the other hand, as shown in Fig.7(2), the mag-
nitude of the pore water pressures at site C became
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Fig.6 Heaving below the improved layer

greater than that of the over burden pressures
during the 5th stage of excavation, and displayed a
similar tendency even after completion of the
excavation. The measured values of each of the dis-
placements & v,, 8 vs & & u, increased quickly
after the 5th stage of excavation and became
greater than that at site B.
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Their increase due to creep was also measured
after completion of the excavation. From these mea-
surements, it is evident that the failure of the
subsoil below the improved layer had taken place.

Fig.7(3) shows the measurements taken at site E.
During the Uth stage of the excavation the pore
water pressure exceeded the over burden pressure.
At this site the measured profiles of pore water
pressure show that the rate of decrease of pore
water pressure was extremely low in comparison with
those at other sites. This is attributed to the pos-
itive excess pore water pressure induced by the
large compression of the soil below the improved
layer. Consequently, the amount of base heave became
fairly large in addition to the heave due to creep
too, although the depth of excavation was shallower
than those at other sites.

3.3 Relationship between heave and lateral dis-
placement of soil below the improved layer

Fig.8(1) shows the relationships between the heave
of the bottom of excavation & v. and the lateral
displacement of soil beneath the toe of the embed-
ded wall & x.. The values of & «, measured at site

B were about 0.33 times as large as & v,, Whereas at-

sites C and.E where base failure probably occurred,
they were 0.5 ~ 1.0 times as large as 6 v.

Fig.8(2) and Fig.8(3) show the relationships be-
tween other measurements and é ». at each site. The
values of & ». measured at sites A and B with no
signs of base failure were less than 0.33 times as
large as the values of & v, or & : (where 6 v, is
the heave of the top of props and & : is the settle-
ment of the. ground surface).
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Fig.7 Relationship between pore water pre-
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From these relationships, it is evident that the
behavior of bottom heave depends on the lateral
displacement of the 50il beneath the toe of the em-
bedded wall.

4 CONCLUSIONS

The measurements of field instrumentation at all of
the project sites in Tokyo Bay made it clear that
the base heave was dependent upon the major factors
as follows:

a) The lateral displacement of the soil beneath
the toe of the embedded wall.

b) The increase of pore water pressure of soil
due to deformation towards the excavation
side of the embedded portion of wall, and due
to the increased weight of the improved soil.

c¢) The decrease of pore water pressure due to
the release of in-situ stress beneath the im-
proved layer caused by the excavation.

d) The continuity of each column of improved soil
installed in the subsoil by means of the Deep
Mixing Method.

e) The thickness of soft clay deposits below the
improved layer.

From the results of this case history, it is use-
ful to observe the following relationships for pre-
venting the failure by base heave:

a) The relationship between the lateral displa-
cement of the soil beneath the toe of the
embedded wall 6 «. and the amount of heave
of the bottom of the excavation & v., or the
maximum settlement of the surface of the
retained groundé :

6 ne< 0.56 v, or S ue< 0.56 :
b) The relationship between pore water pressure
u and over burden pressure o v
u < o v
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