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(57) Abstract WATER
Reinforced concrete walls are constructed in difficult PUMP

ground by casting a pair of guide walls (11, 12) and the trench ex-
cavation for the wall is carried out between the two guide walls
(11, 12). Initially, backfilling is of a plastic erodable mixture. At
the surface forms (23, 24) are set for casting the reinforced struc-
tures which are to form the concrete wall and hollow pipes (26)
are embedded at spaced intervals. Water is injected into the pipes
(26) gradually washing the erodable backfill material and facilitat-
ing the descent of the cast section (R1). As the wall section (R1) is
lowered, the next wall section (R2) is formed and concreted in se-
quence. As each wall section is formed, the next pipe pipe section
(226) is coupled to the protrucing sections and the next reinfor-
cing elements (221, 222) are secured to the protrucing reinforcing
bars (21, 22) of the element that has been lowered. The sequences
continues until the whole structure has reached the design depth.
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METHOD AND APPARATUS FOR COWSTRUCTING
REINFORCED CONCRETE WALLS IN THE EARTH

BACKGROUND OF THE INVENTION:
Construction of shafts having smooth walls, particu-

larly where the ground conditions are hard and rocky and
where conventional slurry walls would be irregular and pos-
sibly misaligned, and in the presence of a high water table
is difficult. The present invention utilizes the known
slurry wall excavation techniques, combined with cement
bentonite trench in sinking of caisons in a unique way for
constructing reinforced concrete walls in difficult or rocky
ground pafticularly with respect to the problem of sinking
circular shafts when ground conditions are hard and in the
presence of a high water level. The invention allows the
construction of such a wall where continuity of horizontal
reinforcement in the shaft is desired.

According to the invention, the system for sinking a
large hollow shaft comprises forming two reinforced concrete
guide walls spaced apart a distance larger than the nominal
wall thickness of the final concrete structure. The excava-
tion is then performed, preferrably in paﬁel sections with
the backfill consisting essentially of erodable plastic mix-

cares such as cement-bentonite, sand-cement-bentonite or

similar materials which have no large aggregates. A form
supported on the guide walls is constructed over the slurry
wall for segments of the final structure leaving embedded
six inch pipes, for example, at onc meter intervals with
pipes coupling extending and ends of vertical reinforcement
bars out of the poured concrete. As the forms for the sec-
tion are removed above ground, hydraulic jacks are placed on
the concrete element, segment or ring and are anchored to
the guide walls. Then water is injected into alternate ones
of the pipes, washing the erodable backfill and from beneath
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the hardened concrete and facilitating the descent of the
toroidal section (in the case of a circular shaft) of the
wall which is pull, supported or guided as need may be by
jacks. As one section is lowered, the next is formed and
concreted and the sequence continues until the whole struc-
ture has reached design depth, which may be a bearing stratum
or rock. The material of the backfill is washed out of
alternate ones of the pipes, so that as water is injected

in one pipe, soil, water and bentonite e.g. the temporary
backfill, exits from the next pipe. As the structure

reaches design depth, the pipes may then all be used as grout
pipes to extend a drill curtain below the bottom of the wall,
seal the spaée between the structure and rock, and grout any
void left around the structure by washing of backfill.

BRIEF DESCRIPTION OF THE DRAWINGS:
The above and other objects, advantages and features

of the invention will become more apparent when considered
with the following specification taken with the accompanying
drawings wherein: '

Figure 1 is a perspective view illustrating the con-
struction of a wall with an erodable backfill mixture in
accordance with the invention, ]

Figure 2 is a sectional view illustrafing the forming
of slurry walls with the steel reinforced concrete toroidal
section with a system of pipes, typically six inch diameter
pipes spaced at one meter intervals with the pipe coupling
and vertical elements of the steel reinforcing bars extend-
ing above the poured concrete,

Figure 3 illustrates the use of jacks to lower the
clement or sepiment which has been cast above the ground into
the trench as the water is injected into the pipes washing
the erodable backEill matcfial,

Figure 4 illustrates the construction of the toroidal

ring in scctions and the scquence according to the invention.
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As shown in Figure 1, a strong pair of spaced, steel
reinforced, concrete guide walls 11 and 12 are constructed and
spaced apart a distance D which is larger than the nominal
thickness of the final concrete wall structure. In this pre-
ferred embodiment, the invention is illustrated as being
applied to a circular shaft, but it will be appreciated that
it can be applied to shafts of any cross sections such as
rectangular, hexagonal, oval shafts and the like and, cer-
tain aspects of the invention can be applied to forming
straight walls e.g. walls which do not close upon themselves
and do not form shafts. Preferrably, the excavation is
carried out in sections so as to form panel sections and can
be carried out using well known slurry excavation techniques
as disclosed in Veder patent 3,310,952 and also disclosed
in the text "3 The I.C.0.S. Company In The Underground Works"
(1968), incorporated herein by reference.

Techniques that are especially useful in excavating
in difficult soils where there are large boulders and the
like are disclosed in the above noted patent and text.
Chissels, rotary bits and the like may be used to excavate
through the rock. In a preferred aspect of this portion of
the invention, the slurry trench is excavated to the final
depth. According to this aspect of the invention, the con-
struction is done in panels and the backfill consists of a
plastic erodable mixture with no large aggregates, such as
a cement-bentonite mixture, sand-cement—beﬁtonite or a
similar backfill material. It is noted that the use of a
pair of spaced apart concrete guide walls is not new, having
been utilized by the assignee hereof for many years in con-
structing numerous steel reinforced concrete underground
cut-off wall structures. That is to say, the structure
illustrated in Figure 1 and the manner of forming same 1is
not per se deemed to be novel according to the present inven-

ion,
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As shown in Figure 2, the guide walls 1l and 12 are
provided with steel reinforcements 14 and 15. The excava-
tion of.the trench T having a thickness or width D to the
full depth of the wall and may be carried out by a number
of slurry trench excavation techniques disclosed in the text
"3 The I.C.0.5. Company In The Underground Works". 1In the
present case, the excavation of trench T is formed in panel
sections PLl, P2, P3...PN with the excavation in part being
carried out by clam shells where the earth is amenable to

clam shell bucket excavation and when the boulders and

massive rock blocks are encountered, they are removed by
chissels, rotary drills and the like, all of which are well
known in the art. '

In the present case, as ecach panel section P1l, P2,
P3...PN is excavated, it is backfilled with a plastic erod-
able mixture such as cement-bentonite, sand-cement-bentonite
or similar such backfill with no large aggregates. (In re-
latively shallow walls, Cthe excavation can be done by a
backhoe in a cement-bentonite slurry mixture so that the
erodable backfill is in place as earth is excavated). After
completion of the last panel wall section PN, an initial
final concrete wall construction is constructed above the
trench which is maintained full of the crodable plastic mix-
ture. This is done by erecting steel reinforcement cages
in the form of an annulus, and in Figure Z;it is indicated
by two annular rings 21, 22 which are cross connected by
other steel reinforcing bars not shown. Annular forms 23,
24 are set up around the form and a series of pipes, in this
case approximately six inches in diameter and embedded at
about one meter intervals with a pipe coupling 27 extending
out above the level of the concrete are provided. The lower
edge of annular forms 23, 24 may be open so the concrete is
cast on or initiélly interfaces with the erodable mixture.




10

20

25

30

WO 84/03528 PCT/US84/00297 —

-5-

-However, the lower edge of the initial casting forms can be

closed with a metal plate or mesh so the first concrete ring
is installed in the form with a mesh, not shown at the

lower edges of initial casting which, in conjunction with the
upper surface of the erodable backfill to permit the installa-
tion of the concrete in the form. It will be noted that the
upper ends 21U and 22U of the vertical runs of the steel
reinforcing cage 21 and 22 project above the level of the
concrete with pipe coupling 27. As shown in Figure 3, the
upper edge 28 of the concrete is shaped so as to provide an
annular trough or groove 29 so as to provide an interlocking
joint or section when the next concrete element or annulus

is cast.

As shown in Figure 3, after the forms have been re-
moved, hydraulic jacks 30, 31 are secured to the annular
concrete ring Rll, there being a plurality of such jacks
spaced around the ring Rl and extending between the guide
walls 11 and 12 and fastens to the external and internal
surfaces of ring Rl1. It will be appreciated that conven-
tional anchors or lifting rings are embedded in the concrete
ring R1 and locked to the reinforcement cage 21, 22. Water
is then injected into the alternate ones of pipes 26 and
with the eroded porkions of the erodable backfill withdrawn
or exited from an adjacent pipe 26. As the upper layers of
the erodable backfill material are removed, the jacks 30 and
31 lower the Ctoroidal sections of the wall Rl into the |
trench T. After one toroidal section Rl is lowered, the next
ring R2 is formed as shown in Figure 4. A second reinforcing
cage 221, 222 is erected with the lower cnds of the reinforc-
ing bars secured to the upper ends 21U and 22U of the initial
annular reinforcing cage and a second pipe section 226 is
fastened to the coupling 27 of the first annular ring R1.
Jacks are again applied (not shown in Figure 4) and the pump-
ing of water and the material of the backfill washing out by
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means of alternate pipes 26 is resumed. The construction
of the annular rings Rl, R2, R3...RN continues to the final
design depth. When the structure has reached its design
depth, the pipes 26 can be used as grout pipes to extend a
drill curtain below the bottom of the trench T. The joint
J between each annular ring section can be specially fabri-
cated to be absolutely water tight because the joint is
fabricated above ground and is exposed when the forms of
the upper ring section R2 are removed and proir to the

.erosion of the backfill in the Trench T. Of course, since

the wall segments are above ground, they can be coated

with further waterproofing materials, such as bituminous or
tar compounds, etc. The grouting can fill any contact space
between the structure and rock and the grout can fill any
void left around the structure by the washing of the back- -
£ill.

In Figures 2 and 4, the water pump and the means for
removing the water carrying eroded backfill, respectively,
are diagramatically illustrated.

Thus, there has been disclosed and described a method
and apparatus for constructing underground concrete wall,
particularly hollow circular shafts in grounds where a con-
ventional slurry wall would be irregular and possibly mis-
aligned and in the presence of a high water table. It allows
continuity or horizontal reinforcement in the shaft which
is a definite advantage under certain design conditions.

While there has been disclosed and described a pre-
ferred embodiment of the invention, it will be appreciated
that various modifications and adaptations of the basic
underlying philosophy of the invention without departing
from the spirit thereof and it is intended that such modifi-
cations, departures and adaptations be incorporated in the
claims appended hereto.

WHAT IS CLAIMED 1IS:
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CLAIMS

1. A method of constructing a reinforced concrete
wall in the ground comprising:

I. forming a pair of concrete
guide walls spaced apart along the line of said wall, the
spacing between said guide walls being greater than the
width of the reinforced concrete walls to be comstructed,

II. excavating a trench between said pair of
guide walls and backfilling said trench with an erodable
mixture capable of sustaining the excavation walls,

TII. placing forms along said wall and above the
surface of said trench and spaced apart the width of said
reinforced concrete wall, installing steel reinforcement
between said forms and casting concrete between said forms
from the surface of said erodable mixture and filling said
forms to thereby form an initial concrete wall section,'

IV. after the concrete has set in said section,
lowering said section into the trench while eroding said
erodable backfill material, said section being lowered to a
level wherein a portion thereof projects the upper level of
said trench, '

V, forming at least one further wall section
directly on said first wall section by placing forms there-
along, and '
o VI. after the concrete has set in said at least
one further concrete section, lowering the said one section
while eroding said backfill material to the final depth of

said concrete wall.

2. The invention defined in Claim 1, wherein the
steel reinforcement in said first section is coupled to the
steel reinforcement in said at least omne further concrete

section.
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3. The invention defined in Claim 1, including
placing a series of vertical pipes in said wall section
and coupling said series of pipes in said first wall
section with a like series of aligned pipes in said second
wall section.

4. The invention defined in Claim 1, including
forming a groove in the upper surface of said first wall
section so as to form a locking seal with said at least
one further concrete section.

5. The invention defined in Claim 1, wherein con-
crete wall is formed endless and said steel reinforcement
is formed endless and continuous in any horizontal plane.

6. The invention defined in Claim 3, wherein step IV
includes injecting water into selected ones of said vertical
pipes and withdrawing injected water and erodable backfill
material from selected others of said vertical pipes.

7. The invention defined in Claim 3, wherein step IV
includes injecting water into alternate ones of said vertical
pipes and withdrawing water and eroded backfill from at

least some of the remaining vertical pipes.

‘8. The invention defined in Claim 3, including:
VII. injecting a grout below the lower most concrete
wall section through said vertical pipes.

9. Apparatus for constructing a reinforced concrete
wall in the earth comprising a first plurality of substan-
tially vertical pipes, concrete wall forming means for said
pipes are embedded, said concrete wall forming means being
positioned over a trench in the earth filled with an erodable

£
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backfill material, a second plurality of substantially
vertical pipes embedded in said concrete wall forming
means, water supply means connected ‘to said first plurality
of pipes for introducing water therein to erode said erod-
able backfill material, and means connected to said second
plurality of pipes for removing water and eroded backfill

material from said trench.

10. Apparatus as defined in Claim 9, including a
pair of spaced apart guide means defining said trench and
jack means between said guide means and said concrete walls
for lowering said concrete wall into said trench as said
backfill is eroded.
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