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ABSTRACT OF THE DISCLOSURE

A method of constructing a continuous reinforced con-
crete underground wall structure in an excavated trench
filled with a bentonite solution used to support the trench
wall, wherein a reinforcement basket having a partition
at one end is placed in said trench, and the concrete is
filled from the bottom displacing the bentonite solution,
the partition serving as a means for sealing the vertical
side walls of the trench.

——— M —————

The present invention relates to a method for con-
structing a continuous underground concrete wall; more
particularly, it relates to a method wherein bentonite
solution is used to initially support the walls of an ex-
cavated trench and this solution is then displaced by
concrete.

A construction method has recently been developed,
wherein a sheathing wall of reinforced concrete is con-
structed above ground before the excavation of the
ground. This wall is then used as a sheathing wall, un-
derground outer wall or waterproof wall after the exca-
vation. This method has been attracting the attention
of the technicians in the art and is in fact being practised
in place of the more conventional method utilizing steel
sheet piles. In accordance with this recent method, a hole
or trench for the underground wall is excavated to a pre-
determined depth and length using a special excavator.
A deep trench is dug while the excavator simultaneously
fills the trench with a bentonite solution so as to prevent
the collapse of the soil. A preassembled reinforcement
basket is then disposed in the trench, and an interlocking
pipe is installed in the trench at an end thercof. The
trench is then filled with concrete from the bottom, re-
placing the bentonite solution and forming an under-
ground reinforced concrete wall structure unit. Concur-
rently with the concrete depositing operation a second
similar hole or trench is excavated in adjacent relation
to the first trench. The interlocking pipe is removed
when the concrete deposited in the first trench has hard-
ened to such an extent as to be self-retained in its shape
and concrete is deposited in the second trench after dis-
posing a reinforcement basket therein.

The bentonite solution is injected into the trench from
a point in proximity to a bit of the excavator. It is
then led up to the ground surface together with the sedi-
ment and gravel excavated and recycled into the trench
after having said sediment and gravel separated therefrom.
The bentonite solution, while being circulated in the man-
ner described, permeates the peripheral walls of the trench
and solidifies the soil, forming a waterproof layer.

One face of the underground concrete wall structure
unit is formed in a concave semicircular shape in cross
section by the interlocking pipe. The opposite end face
of the adjacent underground wall structure unit, to be
joined with the concave end of the first wall structure
unit, is formed in a convex semicircular shape in cross
section, Thus, when joined, the walls are watertight at
the joint.

This existing construction method has the drawback
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that a series of the underground wall structure units con-
structed according to the method are not sufficiently re-
sistive to horizontal lateral forces. This is particularly
true, because, the reinforcement basket is embedded in
each underground wall structure unit as an independent
unit, and the adjacent underground wall structure units
are joined only by virtue of concrete which has been de-
posited at different times. The reinforcements in the
series of underground wall structure units are substan-
tially noncontinuous, and, therefore, these prior under-
ground wall structures are not suitable for structures
which are subjected to pressure and they are not accept-
able.

Additionally, according to the prior method described,
the interlocking pipe cannot be removed until the con-
crete is solidified and is well self-retainable in its shape,
because the pipe is in direct contact with the concrete
deposited. A considerable waiting time is required before
the deposition of concrete in the adjacent trench is com-
menced, with the result that the efficiency of the opera-
tion is reduced.

An object of the present invention is to eliminate the
aforementioned drawbacks possessed by the conventional
method.

Another object of the invention is to provide a novel
method of constructing an underground concrete wall
structure in which the reinforcements embedded therein
are substantially continuous and which has substantial
strength against a horizontal lateral pressure,

Still another object of the invention is to provide a
novel method of constructing an underground concrete
wall structure which does not require idle time during
operations. :

Still another object of the invention is to provide a
novel method of preventing the leakage of fluid concrete
occurring in proximity to the end of a trench.

Still another object of the invetnion is to provide a
method of constructing an underground wall structure
using a novel reinforcement basket.

Another object of the present invention resides in the
provision of a concrete wall structure exhibiting the afore-
described desirable characteristics.

Still another object of the present invention resides
in an improved reinforcement basket for use in concrete
wall structures that permits construction of walls having
greater strength in the horizontal direction.

The above and other objects and the advantages of
the present invention will become apparent from the fol--
lowing detailed description when taken in conjunction
with the accompayning drawings, in which:

FIGURES 1 to 4 are respective schematic plan views
illustrating the various stages of the process of the inven-
tive method in sequence;

FIGURE 5 is a perspective view of a fragment of a
reinforcement basket employed in the present invention;

FIGURE 6 is a perspective view, similar to FIG. 5,
of a fragment of another reinforcement basket employed
in the present invention;

FIGURE 7 is an enlarged end view, with a portion
broken away, of the reinforcement basket shown in FIG.
6; and

FIGURES 8 to 11 are respective horizontal cross sec-
tional views of an expansible and contractible tube em-
ployed in the present invention.

Referring to the drawings, a trench or hole 5 for an
underground wall structure unit is excavated in a conven-
tional manner by a deep trench excavator to a desired
depth and length, while injecting a bentonite solution
therein from a point in the proximity of a bit of said
excavator. As known, a part of the bentonite solution
filled in the trench is absorbed by the walls of the trench
to prevent the collapse of said walls, while the remainder
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is forced up to the ground along with the sediment and
gravel through a separately provided suction tube and
poured: into a settling tank. In the settling tank, the sedi-
ment and gravel settle on the bottom thereof and the
supernatant bentonite solution is injected into the trench
again by means of a pump. When the trench has been
excavated to a predetermined depth, the excavator and
suction tube are removed from the trench and a cleaning
tube is disposed in the trench on a level near the bottom
thereof. The cleaning tube has an air tube mounted
therein, through which air is jetted under pressure to forc-
ibly discharge the sand accumulated on the bottom of the
trench on the ground. The bentonite solution is fed con-
tinuously throughout this period so as to prevent the col-
lapse of the trench walls and the cleaning tube is removed
upon completion of the cleaning.

After the trench 5 has been formed in the manner de-
scribed, a reinforcement basket 1 is disposed in the trench
and then concrete is deposited. The reinforcement basket 1
employed in the embodiment shown in FIGS. 1 to 5 com-
prises a reinforcement structure composed of longitudinal
reinforcing members 2, vertical reinforcing members 3,
and transverse reinforcing members 4 bridging said longi-
tudinal reinforcing members 2; an iron plate partition 7
welded to one end of said reinforcement structure, said
partition comprising a central member having a semi-
circular cross section and integral flanges 6 provided at
both edges of said central member, and having substan-
tially the same width as that of the trench; and outwardly
projecting longitudinal reinforcing members 8 welded to
each of said flanges. These outwardly extending longi-
tudinal reinforcing members 8 may alternatively be pro-
vided by extending the longitudinal reinforcing members
2 outwardly through the partition 7.

The reinforcement basket 1 is assembled on the ground
beforehand and disposed in the trench §. Then an inter-
locking pipe 9 is inserted into the trench in a vertical por-
tion adjacent to partition 7, and the space between the
partition 7 and the interlocking pipe 9 is filled with sand
or gravel 11. A concrete depositing tube is then inserted
into the reinforcement basket, and concrete is deposited
in the trench 5 slowly from the bottom thereof to replace
the bentonite solution. In this way, an underground wall
structure unit 16 is formed. At approximately the same
time, another trench 5’ is excavated adjacent to the inter-
locking pipe 9.

When the underground wall structure unit 10 has hard-
ened to such an extent as to be self-retained in its shape,
the sand or gravel 11 in the space between the partition
7 -and the interlocking pipe 9 is removed by means of air
lift or sand pump and, after charging a bentonite solution
in that space, the interlocking pipe ¢ is pulled out. Upon
completion of the excavation of the trench 5’ (FIG. 3), a
cleaning tube is disposed in the trench which is now filled
with the bentonite solution, to discharge the sand oc-
cumulated on the bottom of the trench in the manner de-
scribed previously. Thereafter a reinforcement basket 1’
and an interlocking pipe 9’ are disposed in the trench.
In this case, the reinforcement basket 1’ is arranged such
that its longitudinal reinforcing members 2’ overlap the
respective longitudinal reinforcing members 8 extending
outwardly from the opposite end face of the underground
wall structure unit 1¢ which has been formed previously.
The reinforcement basket 1’ similarly has a partition 7’
fixed to the other end thereof, from which longitudinal re-
inforcing members 8’ are projecting outwardly. Concrete
is then slowly deposited in the trench 5’ from the bottom
thereof through a concrete depositing tube which is in-
serted into the reinforcement basket 1’, thereby replacing
the bentonite solution and forming another underground
concrete wall structure unit. The new unit is combined
integrally with the adjacent underground wall structure
unit 10 formed previously.

According to a further embodiment of the invention,
there is provided a reinforcement basket 21 which is used
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in the embodiment shown in FIGS. 6 to 11, which com-
prises a reinforcement structure composed of longitudinal
reinforcing members 22, vertical reinforcing members 23,
and transverse reinforcing members 24 bridging said lon-
gitudinal reinforcing members; a vertically extending iron
plate partition 27 welded to one end of said reinforcement
structure, said partition comprising a central member hav-
ing a semicircular cross section and integral flanges 26
provided at both edges of said central members, and hav-
ing a width slightly smaller than the width of the trench
25; and outwardly extending longitudinal reinforcing
members 28 welded to said flanges 26. The outwardly ex-
tending reinforcing members 28 may alternatively be
provided by extending the longitudinal reinforcing mem-
bers 22 outwardly through the partition 27.

Each of the flanges 26 is formed along the outer edge
thereof with a vertically extending member or grip 29
having an arcuate cross section. An expansible and con-
tractible tube 3¢ consisting of a bottomed retainer tube 31
is adapted to be interlocked with said member 29. Integ-
rally connected with tube 31, there is a bottomed sealable
tube 33 which is adapted to be brought in contact with the
wall 32 of the trench 25. Although these tubes are inte-
grally connected, the hollow portions thereof are com-
pletely independent from each other, being separated by
a partition 34. At the top ends of tubes 31 and 33, air in-
let or outlet openings 35, 36 respectively, are provided
for the expansion or contraction thereof.

The retainer tube 31 is made of an elastic material,
such as rubber, and when it is disposed in the
arcuate member 29 and air is introduced in said tube,
the tube is inflated to be brought in intimate contact with
the member 29 as shown in FIG. 8. The reinforcement
basket 21 having the expansible and contractible tubes
thus fitted thereto is lowered in the trench 25
and, after disposing the interlocking pipe, the sealable
tubes 33 are inflated by injecting air therein so as to be
brought in intimate contact with the respective walls 32
of the trench as shown in FIG. 9. The interspace between
the partition 27 and the interlocking pipe is filled with
sand or gravel to support the partition and then con-
crete is deposited in the trench slowly from the bottom
thereof replacing the bentonite solution through the con-
crete depositing tube which is inserted in the reinforce-
ment basket 21, and thus an underground wall structure
unit 37 is formed. At approximately the same time,
another trench is excavated adjacent to the interlocking
pipe in the same manner is described previously and,
when the underground wall structure unit 37 has been
hardened to such extent as to be self-retained in its shape,
the sand or gravel in the space is transferred into the
interlocking pipe by means of air lift or removed by
means of sand pump inserted therein, so as to be re-
placed by a bentonite solution and then the interlock-
ing pipe is pulled out. Simultaneously the retainer tube
31 is contracted by discharging the air therefrom, where-
upon it is released from interlocking with the arcuate
member 29 as shown in FIG. 10 and the expansible and
contractible tube 30 is pulled up on the ground. Upon
completion of the excavation of the adjacent trench, a
reinforcement basket and interlocking pipe are placed in
said trench which is now filled with a bentonite solution
and, after inflating the sealable tubes of the expansible
and contractible tubes to bring them in intimate contact
with the opposite walls of the trench, concrete is deposited
in said trench to form an underground concrete wall
structure unit in successive relation to the previously
formed underground wall structure unit 37.

In this embodiment, the portion of the trench wherein
the reinforcement basket 21 is disposed is completely iso-
lated from the exterior by the expansible and contractible
tubes 30 and partition 27, and the concrete wall thus
formed has an end as shown in the shaded portion 37
in FIG. 11. An adjacent underground wall structure
unit is formed successively to the shaped end portion
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of the concrete so that a portion of the partition is em-
bedded in said adjacent wall structure unit,

It will be apparent that use of the partition structure
shown in FIGS. 6-11, along with the expansible sealing
members 30, provides an effective end wall for the trench,
even without the interlocking pipe 9. Thus, it is possible
and often advantageous to omit using the interlocking
pipe and attendant filling and emptying of the sand and
gravel 11.

It will also be apparent, that the sealing members 30,
need not be filled with air; in fact, it has been found de-
sirable to use liquid fillers in order to effect the necessary
expansion. Of course, there is little difficulty in emptying
either air or liquid in order to contract the tubes for ex-
traction from the trench and partition.

According to the present invention, as described here-
inabove, since the reinforcement basket used has the par-
tition attached to one end thereof and the longitudinal
reinforcing members projecting outwardly from said par-
tition overlap the corresponding longitudinal reinforcing
members of the adjacent reinforcement basket, the longi-
tudinal reinforcing members of the preceding under-
ground wall structure unit are embedded in the concrete
of the following underground wall structure unit. Fur-
ther, since the expansible and contractible tubes are re-
movably mounted to both edges of the partition whose
width is made slightly smaller than the width of the
trench, for sealing contact with the walls of the trench,
leakage of the concrete deposited can be prevented be-
fore hardening, Still further, since a part of the partition
is embedded in the concrete of the adjacent underground
wall structure unit as mentioned above, a series of under-
ground wall structure units of reinforced concrete can
be formed successively integrally. It is thus possible to
obtain a joint of extremely high strength and therefore
to construct an underground wall structure with ease
which is highly resistive against a horizontal lateral force
and which can be used as a part of a complete building.
It should also be noted that, since the concrete deposited
is held in position by the partition, the next constructing
operation can be commenced at any time after the con-
crete has been solidified to such an extent as to be self-
retained in its shape, without waiting until it is solidified
completely, so that the construction time can be shortened.

With the use of the expansible and contractible tube,
it is possible to provide a lugged cross section at the joint,
which is advantageous in bringing about an increased
strength and increased waterproofing at the joint. The re-
markable advantages which are obtained by the present
invention include:

The utility factor of a site is high;

The underground wall may be utilized for construction
of a part of the structure of a building;

Temporary work for the construction of underground
structure is not needed;

The construction site can be utilized with approximately
100% efficiency;

The construction period can be shortened;

No damage is caused to the adjacent buildings;

There is no subsidence of ground occurring in the vicinity
of the construction site;

The constructicn work does not produce noise, vibration
or other public hazards; and

The cost of temporary work is reduced and therefore
construction cost is low.

Particular embodiments of the invention have been
shown and described. It will be appreciated that these
embodiments are for illustrative purposes only. Modifi-
cations may be made by those skilled in the art in accord-
ance with the teachings of this disclosure, and it is con-
templated in the appended claims to cover any such modi-
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fications as fall within the true spirit and scope of the
invention.

What I claim is:

1. An improved method of censtructing a continuous
reinforced concrete underground wall structure in an ex-
cavated trench filled with a bentonite solution, the im-
provement comprising inserting in a first excavated trench
a reinforcing basket having a partition at one end and
longitudinal reinforcing members projecting outwardly
beyond said partition, said partition serving to hold the
concrete in position, filling said trench with concrete by
displacing said bentonite solution, excavating a series of
successve trenches one at a time adjacent to said partition
of each reinforcing basket employed, inserting identical
reinforcing baskets in said successive trenches in such a
manner that horizontal reinforcing members extend to and
overlap the longitudinal reinforcing members extending
from said partitions, and filling said successive trenches
with concrete by displacing said bentonite solution
whereby a continuous reinforced concrete underground
wall structure of any ‘desired length is formed.

2. The improvement according to claim 1, wherein an
interlocking pipe member is installed at the end of said
trench adjacent to said partition, and said pipe mem-
ber is removed subsequent to excavation of said suc-
cessive trenches and prior to insertion of said reinforcing
baskets.

3. The improvement according to claim 2, including
the steps of filling the interspace between said interlocking
pipe and the partition of said first reinforcing basket
with gravel and removing said gravel and said interlock-
ing pipe after the concrete deposited in said first trench
has been hardened to such an extent as to be self-retained
in its shape.

4. The improvement according to claim 1, wherein said
partitions are provided along their vertical edges with
gripping means, and said method includes the further
steps of inserting expandible and contractible sealing
tubes, each having two independent longitudinal hollowed
portions, such that one of said hollowed portions is dis-
posed within said gripping means as the other is disposed
exteriorly of said gripping means, injecting a pressurized
fluid into said hollowed portions for expanding the seal-
ing tube to thereby interlock said first hollowed portion
in said grippng means and to engage the other hollowed
portion of said sealing tube with the side walls of said
trench for sealing engagement with same.

5. The improvement according to claim 4, wherein said
gripping means has an accurate cross section.

6. The improvement according to claim 5, wherein said
sealing tube has a figure 8 shape in cross section.

7. The improvement according to claim 6, wherein the
pressurized fluid is a liquid.

8. The improvement according to claim 4, wherein the
pressurized fiuid in said sealing tube is released after the
deposited concrete has hardened to such an extent as to
be self-retaining, and to remove said sealing means from
said trench.
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