3,310,952

C. VEDER

March 28, 1967

METHOD FOR THE GCONSTRUCTION OF A WALL IN THE GROUND

Filed March 7

5 Sheets-Sheet 1

1957

k]

g

b .VQ

/QQ

&
<9
=)
Sy
ZN
=2
=X
N <
[}
N
m h
e
=]
BeaX K’ oK
= - NM/.\M. ..JVMI\‘MQQNI
R
2 ey wy

AT 7ORNEY



March 28, 1967 C. VEDER 3,310,952

METHOD FOR THE CONSTRUCTION OF A WALL IN THE GROUND
Filed March 7, 1957 5 Sheets-Sheet. 2

FlG.4

&
B

Zc7D z .
ATRAR e sl L Ty T T T
R G R &C:_“_ _______
&
D
s
g’ .
12 ] %
|
r » ." T "_‘ w~ L 4
7 T
FIG.5
INVENTOR.

CHR/ISTIA VEDER
t

AT7ORANE Y



March 28, 1967 C. VEDER 3,310,952

METHOD FOR THE CONSTRUCTION OF A WALL IN THE GROUND

Filed March 7, 1957 5 Sheets-Sheet 3
Q ..,{ 3
-
Q N
AN Q\\
N N
N
N N
X N NN ’S
N ©» S
< N G
s < JhHe ©
< ~ \\ <5 l.\
X ST THT NP

Q‘\

N
N g |I

SN T AT T

~
S 9 IAREESERENEREREEEN
A I~
Q
‘“"{ oo

« RO

N

i\ vl /\%( X

]

w NI T 7

SN K o A B

Q\\ \’X';

F/G.6

v/
Fl/G 6a

/ N

N

N

Q

NN

g‘\ ’\Q‘i\ »"\ g X >

\J

9
A X

[ R R SRR S ERTSITER 5/& INVENTOR.
S K2 i /% CHIYSTION VEDER
L)

BY::

BTTORNEY



March 28, 1967 C. VEDER 3,310,952
METHOD FOR THE CONSTRUCTION OF A WALL IN THE GROUND
Filed March 7, 1957 9 Sheets-Sheet 4

il
w

Za La

/! a -
“"3\"“, cig b/l vCo LY o T

S
- o
R I R e e e N = %
' PIEEN N ! © N "
ot s cor g SE {

FI1G.1/

s S NC V%, 8 e O ooy e 2 e e RIS S S RNy
27, ")"h)q/b Gev ot ST =TT coys 4 AL TR PN SRR PRLYC

ol o rigy,. ¢ \OC‘G)Gla,o,r te’ o, °/.,;W/Jle‘x, 1 ‘c,"'-u,
[ PR R H B ~(~J/b)v,lV»"'\'\\OOJL"\IU/“°\'&_"’_«/Sl\_b\\"ﬁ";‘,

INVENTOR.
CHRISTIRN LELER
LY

BY: , 1

A ITORNEY



March 28, 1967 . C.VEDER 3,310,952
METHOD FOR THE CONSTRUCTION OF A WALL IN THE GROUND
Filed March 7, 1957 5 Sheeis-Sheet 5

FlG.14

£4 . Ed
———
Lo Ce. e

| FIG.15
g
Z Z. A

INVENTOR.

EAR/ ST/ Y EDER
BYS; t {‘;2 .

HTTORNEY




United States Patent O

)

3,310,952
Patented Mar. 28, 1867

1CC

1

3,310,952
METHOD FOR THE CONSTRUCTION OF A WALL
IN THE GROUND
Christian Veder, Milan, Htaly, assignor to 1.C.0.S., Im-
presa di Costruzioni Opere Specializzate, Milan, Ifaly
Filed Mar. 7, 1957, Ser. Ne. 644,556
8 Claims. (Cl 61—35)

This application is a continuation-in-part application of
my co-pending U.S. patent application Ser. No. 392,401
filed on Nov. 16, 1953 and now abandoned for “Shut-off
Walls, Sheet Piling and the Like, and Method of Making
Same.”

This invention relates to the erection of walls in the
ground, and more particularly to the erection of walls in
loose rocks.

An object of the invention is to provide a method by
means of which cut-off walls, supporting walls or walls for
draining purposes may be erected at low costs and in a
short time.

Another object of the invention is to provide a method
for the erection of a wall having uniform thickness over
a great length.

A further object of the invention is to provide a method
by means of which a wall of great depth may be erected
even if large rocks are encountered and by means of
which the wall may be bonded in a waterproof manner in
compact stratum below the loose rocks.

Other objects and structural details of the invention
will be apparent from the following description when read
in conjunction with the accompanying drawings, wherein:

FIG. 1 is a top plan view illustrating in a somewhat
diagrammatical manner the excavation of a plurality of
holes in the ground according to the invention,

FIG. 2 is a vertical sectional view taken along line
A—A of FIG. 1,

FIG. 3 is a vertical sectional view similar to that shown
in FIG. 2, lllustrating, however, a different method,

FIG. 4 is a top plan view illustrating in a somewhat
diagrammatic manner the filling of an excavation with a
filling material,

FIG. 5 is a vertical sectional view taken on line B—B
of FIG. 4,

FIG. 6 is a top plan view illustrating in a diagrammati-
cal way an intermediate step in the preparation of an
excavation according to a different embodiment of the
invention,

FIG. 64 is a vertical sectional view taken on line C—C
of F1G. 6,

FIG. 7 is a top plan view illustrating in a diagrammati-
cal way a further step of the method illustrated by FIGS.
6 and 6a,

FIG. 7a is a vertical sectional view taken on line D—D
of FIG. 7,

FIG. 8 is a top plan view of an excavation made ac-
cording to the invention,

FIG. 9 illustrates the excavation shown in FIG. 8 being
filled with a filling material,

FIG. 10 is a top plan view diagrammatically illustrating
the excavation of FIGS. 8 and 9 filled with a filling mate-
rial and an intermediate step in the preparation of an
adjacent excavation,

FIG. 11 illustrates the first excavation of FIGS. 8 and
9 filled with a filling material and the second excavation
of FIG. 10 completed and provided with a shield,

FIG. 12 is a top plan view illustrating the first and sec-
ond excavations of FIGS. 8-11 filled with a filling mate-
rial,

FIG. 13 is a diagrammatical top plan view illustrating
a different embodiment of an excavation according to the
invention, and
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FIGS. 14 and 15 illustrate diagrammatically two differ-
ent methods for preparing a widened excavation accord-
ing to the invention.

Referring now to FIG. 1, I indicates a hole, which is
excavated in loose rocks by a boring tool B. In accord-
ance with the invention, after the excavation of the hole
1, the latter is filled with a suitable material, whereupon
the adjacent hole I, indicated by dash lines, and there-
after the next hole III are excavated and filled respectively
in a similar manner.

According to the embodiment of the inventive method
illustrated by FIG. 2 being a section along line A—A of
FIG. 1, the hole I is excavated by a successive excavation
of horizental sections 1, 2, 3 . . . X, until the full depth
of the hole 1 is reached.

With a view to facilitating a better understanding, the
depth of said sections is represented in the drawing on a
scale which is vertically enlarged; in reality the depth of
each section corresponds to the biting into the ground of
the hammer boring tool B every time the tool, after
having been lifted, is dropped in the ground by its own
weight. -

The excavation of each horizontal section 1, 2,3 . . .
is subdivided intc the excavation of a plurality of overlap-
ping zones or sub-sections @, b, ¢ . . . y, z which in the
drawing are represented separately for a better under-
standing, but which in practice follow one after the other
uninterruptedly, because the boring tool B is moved very
slowly but continuously from one end to the other of hole
I, while it is alternatively lifted and dropped. Anyhow,
with reference to the drawing it can be said that first the
zone 1a of the section 1 having a depth Dy, is excavated
whereupon the boring tool is withdrawn and its longitu-
dinal axis is shifted through the distance &’ to the right,
as viewed in FIGS. 1 and 2. Upon its displacement to
the right through the distance &’, the boring tool is dropped
and the zone 1b of the section 1 is excavated, which inter-
sects the zone 1a. Thereafter, the boring tool is again
withdrawn and displaced to the right through a distance
d”, preferably, but not necessarily, equal to the distance
d’, so as to make the boring tool ready for acting in the
zone 1c of the section 1.

Thus, in the manner described above, at first the
substantially horizontal section 1 is excavated by suc-
cessive drilling operation in the zones 14, 1b,1c . .. 1y,
iz from left to right. Thereafter, the boring tool is
returned into its extreme left hand position, whereupon
the substantially horizontal section 2 having a depth D,,
equal to or different from the depth D;, of the layer 1,
is excavated by similar successive drilling operations
from the left to the right in the zones 2a, 2b, 2¢ . ..
2y, 2z.

Thereafter, the substantially horizontal section 3 is
excavated by successive drilling operations in the zones
3a, 3b, 3¢ . . . 3y, 3z

Then, successively, cne horizontal section after the
other is excavated by successive zone drillings in each
section. The excavation of the hole I is completed, when
the last zone Xz of the last layer X is excavated.

The number of sections 1, 2,3 ... X depends on the
total depth D¢ of the hole I to be excavated,

This total depth Dy should always surpass to a fairly
large extent, the irregular separating surface 4 of the
rock or clay stratum, into which stratum the wall to be
erected in the hole I should penetrate with a certain depth.

Furthermore, the successive excavating of the various
zones of each section 1,2, 3 . . . X may take place from
the right to the left instead of from the left to the right
as described above. Moreover, the successive excavating
of the various zones may take place in some of the hori-
zontal sections from the left to the right and in the other
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horizontal sections from the right to the left; if desired,
for example, the excavation in the section 1 takes place
from the left to the right, in the successive section 2 from
the right to the left, in the successive section 3 from the
left to the right, and so on in alternating manner.

During the drilling operations a dense, preferably
thixotropic, collnidal liquid or slime apt to gel, such
as a thickish liguid known in the trade as “bentonite”
is introduced into the excavation and circulated therein.
A portion of said thickish liquid penetrates into the ground
surrounding the excavation so as to form therein a zone
§ impervious to water and to consolidate the wall of
the excavation for preventing a collapsing thereof. The
remaining portion of the thickish liquid may be used for
assisting in the removal of excavated material from the
hole I or may be at least partially left in the excavation
until the latter is filled with a suitable material for the
formation of a wall. Furthermore, if a portion of the
thickish liquid remains in the excavation, it may be
diluted prior to the introducing of the filling material.

Owing to the before mentioned penetration of the thick-
ish liquid into the wall of the excavation and the resulting
formation of the zone 5, the hole I may be readily kept
open without danger of collapsing, until the entire hole 1
has been excavated in the way of successive zones a, b,
¢ ...z in successive sections %, 2, 3 ... X,

After the hole I has been completely excavated it is
filled with a suitable material, such as a cementitious ma-
terial or a mixture of sand and gravel depending on the
type of wall to be constricted. When the hole is filled
with concrete, a cut-off wall capable of sustaining verti-
cal loads can be obtained. A filling with sand and gravel
may serve the construction of a vertical wall for drainage.
If the filling is made of a plastic or formative material,
the wall may follow deformations in the ground with-
out causing the formation of cracks or fissures in the
finished wall.

After the filling of the hole I with a suitable material
for the formation of the first portion of a wall and in
case of the use of cementitious material preferably be-
fore the completed setting thereof as long as the material
is still somewhat soft an adjacent hole If is excavated
in the same manner as described above in connection with
the excavation of hole I, the first zone in each section
of the hole II intersecting the end portion of the wall in
the hole I. After the excavation of the hole II the latter
is filled with a suvitable material and thereafter an adja-
cent hole III is excavated and filled in the same manner
ag described above in connection with hole I.  The num-
ber of adjacent holes depends on the length of the wall
to be constructed.

Instead of withdrawing the boring tool B each time
during a change from one zone, for example a, to the
next zome, for example b, it would also be possible to
displace the boring tool B sidewise, for example from
left to right, during the drilling operation for the excava-
tion of a horizontal section L or 2 or 3 . ... In this
case a milling cutter may be used and the depth of Dy,
D, . . . of each section 1, 2 may be rather substantial.

Moreover, excavating tools of the rotatable or ham-
mer type or any other suitable type could be used as
boring tool for the excavation of the holes in accordance
with the method according to the invention.

According to the embodiment illustrated by FIG. 3
the hole I’ is excavated in a somewhat different way.
In this case, at first a vertical bore Ve of a diameter 109
is drilled to a depth Da. Thereafter, a second vertical
bore Vb of the same diameter 100, partly intersecting
the first bore Va, is drilled to a depth Db. Then a third
vertical bore Ve of the same diameter 189, likewise partly
intersecting the second bore Vb, is drllled to the depth
De. Thus a plurality of intersecting vertical bores is
drilled successively by the boring tool B from left to
right, the last two bores being the bores Vy and Vz hav-
ing the depths Dy and Dz respectively. The depth Da,
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4
Db . .. Dz depends on the nature of the ground. ¥n
the embodiment shown in FIG. 3, the depth Db, Dc . .
Dz of each successive bore Vb, Ve . . . Vz is shorter
than the preceding one.

After the completion of one row of interseciing bores
Va, Vb . .. Vz of the depth Dg, Db . . . Dz respec-
tively the boring tool B is returned from its extreme right
position into its extreme left position for continuing the
drilling of the bore Va through the length Dya. There-
after, the driiling of the bore Vb is continued through the
length Dyb, then the drilling of the bore Ve is continued
through the length Dic, and so on in successive oper-
ations from the left to the right. If, after this second
excavating operation the hole I’ is not yet fully excavated,
the vertical bores Vb, V¢ . . . are still more deepened
in successive manner as described before.

Preferably, the excavating of a hole I’ in vertical sec-
tions and successive order as described above in con-
nection with FIG. 3 is carried out when the grourd is so
hard that the progressing in horizontal sections as de-
scribed above in connection with FIG. 2 is impossible for
technical reasons. Moreover, the excavating of the hole
I” by means of vertical intersecting sections, which are
deepened successively if necessary, has the advantage that
the wall to be erected in the excavation may be very
effectively bonded in a highly inclined profile of the
compact stratum in the ground.

It is understood that during the drilling operations for
the excavation of the hole I” of FIG. 3 a thickish, prefer-
ably thixctropic colloidal liquid or slime is introduced in-
to the respective bore being drilled, and that a portion of
said thickish liguid penetrates into the wall of the exca-
vation so as to form an impermeable zone 8, which also
prevents the excavation from collapsing so that the ex-
cavation can be kept open until after completion of the
excavation the desired material is filled into the latter.

If the length of the excavation shall be longer than
the length of the hole I" shown in FIG. 3, one or more
additional holes are excavated in succession as described
above in connection with the holes I and II¥ shown in
FIG. 1, the ends of adjacent holes interesecting each
other.

FIGS. 4 and 3 ilustrate the filling of an excavation
I or ¥’ prepared in accordance with a method described in
connection with FIG. 2 or in connection with FIG. 3.
The concrete or other suitable material ¢ is filled into the
hole I or I’ in any known manner, for example in accord-
ance with a system described in the Swedish Patent 33,675
to A. Gundersen and known in the trade as the “Contrac-
tor-System” according to which the material is filled into
the excavation under water. For example, according to
such a methcd the concrete or other material is intro-
duced into the excavation I or I’ through a steel tube 7.
Care should be taken that at all times the lower end of
the steel tube 7 remains within the heap 6’ of concrete or
material filled into the excavation sc as to avoid a wash-
ing away of the concrete or other material. The slowly
rising heap 6" of concrete or other material pushes up-
wardly the amount of the preferably diluted thickish
liquid being above said heap. The operation is termi-
nated when the concrete or other filling material reaches
the surface of the ground.

If desired, a metal or iron reinforcement 9 may be
brought into the excavation I or I prior to the filling in of
the concrefe 6, so that a concrete wall reinforced by a
metal or iron respectively is obtained which in addition
to vertical loads may sustain horizontally acting loads and
moments. It is known from experience that bentonite
being a thickish liquid used according to the invention in
the manner described above does not combine at all with
a metal reinforcement so that the concrete may tightly
surround said metal reinforcement as in the case of a
normal reinforced concrete support, so that a perfect
joint effect of strength is obtained.

After the filling of the excavation I (I’) the adjacent
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excavation II is excavated and filled and so on as de-
scribed above.

A different method of excavation illustrated by FIGS.
6 and 6a may be useful for certain types of soil. Accord-
ing to this modified method at first a plurality of spaced
bores 104, 165 . . . 13z is excavated by suitable boring
tools of the rotary type, hammer type or other type,
whereupon the columns 13g, 115 . . . 11y left over be-
tween the bores 18a, 165 . . . 18z are removed by a grab
G (see FIG. 7a) or another suitable device such as a
dredger, milling cutter, or the like. Additional amounts
of a thickish, thixotropic, colloidal liquid or slime are
filled into the excavation corresponding of the volume
of the columns 11e, 115 . . . 11y or parts thereof as they
are removed in the course of the excavating operation, so
that the excavation is filled with such thickish liquid at all
times.

According to FIGS. 7 and 7« the column 11¢is already
entirely removed while the column 115 is only partially
removed by the grab G and the columns 11c .-. . ily
are not yet removed. When the excavation is completed
it s filled subsequently with a suitable material as will be
described hereinafter.

When, as illustrated by FIG. 8, the section Iez of an
excavation is completed a shield S is inserted at the right
hand and thereof as illustrated by FIG. 9, said shield
being in the shape of a cylinder or any other suitable
form. Thereafter, concrete 6a or other filling material is
filled into the space of the excavation Iq outside the shield
S, the filling material engaging the wall of the excavation
Ia and the left hand cuter surface of the shield S.

After setting of the concrete 6a the shield S is withdrawn
as indicated by the dash lines in FIG. 10, so that a bore LS
filled with a thickish liquid introduced into the excavation
during the drilling operation as described above remains.
Thereafter, the excavation Iie is prepared in the same
manner as described above in connection with excavation
Ia by drilling consecutively spaced vertical bores and re-
moving thereafter the columns left between them. Now,
when excavation Ilg is completed as shown in FIG. 11
and, thereafter, concrete or other suitable filling material
is introduced into the excavation Ila as shown in FIG. 12,
the filling material engages at the left hand end the semi-
cylindrical surface of the wall previously prepared in exca-
vation Ia and at the right hand end the shield S now
inserted into the excavation Ifa.

Thereafter, upon removal of the shield S, a third and
if necessary a series of additional excavations is made and
filled with suitable material in the same manner as de-
scribed above in connection with FIGS. 6-12, it being
understood that the insertion of the shield S is omitted in
the last excavation.

While jt has been described above in connection with
FIG. 1, that the first zone a of the second hole II inter-
sects the last zone z of the first hole I, of course a shield
S as described in connection with FIGS. 9-12 could be
inserted into the last zone z of the first hole I—be it
prepared according to FIG. 2 or according to FIG. 3—
before the filling material is filled into the hole I, where-
upon after filling the hole 1 with the filling material and
after a subsequent removal of the shield the second hole 11
is prepared in accordance with the method described in
connection with FIG. 2 or FIG. 3. In the same manner
the transition between each two successive excavations I,
IIT etc. or wall portions could be made.

FIG. 13 illustrates a different form of excavations
E;, E,, which may be prepared in accordance with any
of the methoeds described above and illustrated by FIGS.
2-12. According to FIG. 13 each excavation E; or E, is
provided with a lateral extension 13, whereby the drain
path parallel to the wall to be erected in the excavation
is extended as may be desirable under certain circum-
stances for hydraulic reasons. Furthermore, as shown in
the right hand portion of FIG, 13, a metal reinforcement
14 may be inserted into the excavation E, including the
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lateral extension 13 thereof, so that the completed wall
acts as a-T-support or T-beam in accordance with the
rules pertaining to the science of reinforced concrete.

FIGS. 14 and 15 illustrate two different methods for
preparing an excavation being wider than the diameter
of a rotary boring tool irrespective of the fact whether
the method accerding to FIG. 2 or FIG. 3 or FIGS. 6,
6a, 7, 7a is used. According to FIGS. 14 and 15 adjacent
individual excavation making up the total excavation in-
tersect each other partially.

According to FIG. 14 at first the excavation E is
prepared, whereupon the excavation Ea adjoining the
excavation E at a longitudinal side thereof is prepared.
Thereafter, the pair of excavations Eb, Ec, then the pair
of excavations Ed, Ee, and so on in dependence on the
desired length of the wall to be erected, are prepared.
Thus, the total excavation is prepared by successively
preparing excavating sections E, Eg-Eb, Ec-Ed, Ee
widened to the desired width.

According to FIG. 15 at first the excavation E is
prepared, whereupon the excavation Ea adjoining the
excavation E at an end thereof and, thereafter, the ex-
cavation Eb adjoining the excavation Ea at an end of the
latter are prepared. Then, the series of excavations Ee,
Ed, Ee is prepared in a similar way. Thus, the total
excavation is prepared by successively preparing an ex-
cavating section E, Ea, Eb having the total length and
thereafter widening same by preparing another excavating
section Ec, Ed, Ee of the total length.

The excavations prepared in accordance with the in-
vention may be filled with concrete; if desired, as de-
scribed above, an iron reinforcement may be inserted into
the excavation before the concrete is filled in.

Instead of concrete, however, a plastic or formative
mass, such as a mixture of gravel, sand, clay, bentonite
and cement or a mixture of gravel, sand, bitumen and
asphalt in predetermined proportiéns may be used.

Furthermore, the thixotropic colloidal slime may be
directly hardened by chemical or physical means or
simultaneously by chemical and physical means, so that a
filling with concrete or another suitable material may be
omitted.

The method according to the invention may be readily
used for the erection of porous walls for the purpose of
draining. TIn such a case it is sufficient to fill the excava-
tion with gravel and sand of a size of grain adapted to
the condition of the ground and to take care of a simulta-
neous washing out of the walls of the excavation so as to
remove the impermeable zone 5 having a sealing effect.
Preferably, in such a case the mixture of gravel and sand
is brought into a permeable net-like enclosure, so as to
prevent the penetration of the gravel into the surrounding
soil.

I have described preferred embodiments of my inven-
tion, but it is understood that this disclosure is for the
purpose of illustration, and that various omissions and
changes in shape, proportion and arrangement of parts,
as well as the substitution of equivalent elements for the
arrangements shown and described may be made without
departing from the spirit and scope of the invention as set
forth in the appended claims.

What I claim is:

1. A method of making a horizontally elongated
vertical wall excavation comprising the steps of excavating
substantially vertically a bore hole until a desired initial
depth has been achieved, making a series of similar over-
lapping bore holes extending horizontally to form an
initial zone of predetermined depth, simultaneously, as
the excavating proceeds, circulating therein a thixotropic
fluid in order to cause comsolidation of the vertical walls
upon penetration of the thixotropic fluid therethrough,
thereafter repeating the excavation to a greater depth in
order to form a second zone while maintaining the ex-
cavation full of thixotropic fluid, and repeating the steps
until the final depth has been reached.
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2. A method of making a horizontally elongated
vertical concrete wall element comprising the steps of
making a horizontally elongated vertical wall excavation
as defined in claim I, and after completion of said ex-
cavation displacing the said thixotropic fluid by filling
the excavation with concrete.

3. The method of making a wall as defined in claim
2 including the step of inserting horizontally elongated
reinforcing members extending substantially from end-to-
end of said excavation prior to the filling thereof with
concrete.

4. A method of constructing a wall as defined in claim
2 including the formation of at least one lateral extension
of said wall element.

5. A method for the construction of a waterproof wall
formed by interlocked, horizontally eiongated, vertical
concrete elements comprising the steps of excavating a
series of spaced apart holes along the line of the wall,
each hole having a width equal to the thickness of the
vertical elements and being substantially vertical, con-
solidating the walls of each hole of the series by in-
troducing therein, simultanecusly as the excavation
progresses, a thixotropic liquid, removing the material be-
tween successive holes as defined by substantially parallel
planes commonly tangent to the walls of adjacent holes
to form a horizontally elongated excavation, consolidating
the walls defined by said planes by maintaining the ex-
cavation substantially full of said thixotropic liquid, plac-
ing a vertical tubular shield at one end of said excavation,
filling the horizontally elongated excavation thus formed,
except the volume enclosed by said shield with concrete
and removing said shield after the concrete has set before
proceeding to the next and adjacent vertical concrete wall
element and preparing the next said adjacent vertical
concrete wall element in the same manner as the first
utilizing as the first hole thereof the unfilled volume of
the preceding horizontally elongated excavation to com-
plete the wall.

6. A method of constructing an underground wall as
defined in claim % including the step of inserting hori-
zontally elongated reinforcing members in each ex-
cavation before filling said excavation with concrete to
form reinforced horizontally elongated vertical concrete
elements.

7. A method of constructing a wall as defined in claim
5 including the formation of at least one lateral ex-
tension of said concrete wall.

8. A method for the construction of a waterproof wall
formed by interlocked vertical concrete elements com-
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prising the steps of preparing an excavation by excavating
substantially vertically a bore hole until a desired initial
depth has been achieved and thereafter making a series
of similar overlapping bore holes of decreasing depth
and extending horizontally to form an initial horizontally
elongated excavation zone and as the excavation proceeds
simultaneously circulating therein a thixotropic fluid in
order to cause sealing and consolidation of the vertical
walls of the elongated excavation upon penetration of
the thixotropic fluid therethrough, thereafter excavating
said bore holes to a greater depth while maintaining the
excavation substantially full of thixotropic fluid in order to
form a second zone, repeating the process until the final
depth has been reached and continuing to maintain the
excavation substantially full of thixotropic fluid filling
said excavation after the excavation of all of said zones
with a cementitious material to displace said thixotropic
fluid before proceeding to the next and adjacent vertical
concrete element interlocked with the preceding one.
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