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57 ABSTRACT 
A process and system for ground consolidation and in 
creasing the load capacity of piles wherein the lower 
end of a bore hole is enlarged upon injection of a high 
pressure liquid, the pressure of which is periodically 
varied at a high frequency to cause compression and 
consolidation of the surrounding ground area and the 
widening of the lower end of the bore hole. Reinforcing 
anchorage structure is mounted within the bore hole 
and embedded within hardened concrete or like mate 
rial, and a stressing steel rod is fixed to the anchorage 
and extends upwardly through the bore hole for con 
nection to suitable building support structure mounted 
at ground level. 

19 Claims, 25 Drawing Figures 
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PROCESS FOR GROUND CONSOLIDATION AND 
RENFORCEMENT OF STRESSED ANCHORAGE 
PLNG INCREASING THE LOAD CAPACITY 

: This invention concerns a process and an anchorage 
reinforcement for ground consolidation and the in 
creases of load for piles with tensile and compressive 
stresses and forces by the means of ground injection 
with vibration using a liquid medium resulting in a com 
pression and consolidation as well as widening of the 
diameter of the bottom of the piles and thus increasing 
the admissible load of anchorage and pile. Moreover, 
the invention concerns a special construction of the re 
inforcement of piles under tractive force and anchor 
ages, permitting on one hand the transmission of heavy 
load by a small diameter of the shaft, and on the other 
hand avoiding the appearance of tensile stress in the 
concrete under full load and therefore preventing the 
cracking of concrete. 
A well known process for ground consolidation and 

piling, the so called stream-vibration process, uses 
heavy vibrating aggregates which are lowered into the 
ground, water being simultaneously flushed into the 

a ground by nozzles attached to the aggregates. This pro 
cess has the disadvantage that it can only be applied 
with piles of great diameters. For constructions of piles 
with small diameters it is not economical. Moreover, 
the process can only be applied for ground consisting 
of sand and gravel, and cannot be used in earth with 
compound of clay or very fine aggregates. 
Another process consists in the lowering of bore 

holes with subsequent underpatting. This process can 
not be applied for piles with a shaft of small diameter. 
Another process consists in the lowering of bore 

holes by boring or ramming, the later placement of re 
inforcements and the forming of an enlargement of the 
diameter of the piles by grout-injection under high 
pressure. This has the disadvantage that only limited 
enlargement is possible and there is no control of the 
size of the enlargement. Eventually it is possible that a 
splitting or cracking of the ground takes place on one 
side only, and the covering and protection against cor 
rosion of the reinforcement is not permanent and is in 
sufficient. One of these methods provides the screwing 
of a ramming head to the anchorage reinforcement. 
Using small diameters a local overstressing of the con 
crete is possible, but the transmission of the tractive 
force on the concrete by the head is insufficient. 
Moreover the costs for the fabrication of these heads 

are relatively high, and without the effect desired. An 
other disadvantage of this process consists in the inevi 
table cracking of the concrete and the consequent de 
struction by corrosion caused by the insufficient trans 
mission of force on the head of the pile and the very 
high extensibility of the tensile steel. 
The invention is based on a process and an anchorage 

reinforcement where the above mentioned disadvan 
tages are eliminated. 
This problem is solved by the process of the invention 

pressing a liquid medium into the ground, this medium 
being, on one hand, pressed under application of high 
pressure, on the other hand exposed to reversing or al 
ternating strokes of pressure of high frequency causing 
by these means a compression of the ground and a wid 
ening of the bore hole and placing in the bore hole, be 
fore or after the widening, a stressing reinforcement 
where, after the hardening of the injected material, 
only the bottom and the head of the anchorage in the 
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area of the widening of the pile are imbedded, whereas 
the prestressed steel reinforcements in the part of the 
pile widening as well as in the pile shaft are still free, 
being surrounded by a protective tube which is pro 
vided with a closing seal as well on the bottom of the 
anchorage as on the upper end of the widening of the 
pile towards the cavities of the bulb of the pile to be in 
jected. 
The stressing steel reinforcement, according to the 

invention, uses the fundamental construction consist 
ing of a stressing element, an anchorage at the end of 
the stressing element, and a protective casing or tube 
for the stressing element. According to the invention 
the anchorage parts extend mainly to the length of the 
widened shaft, containing the stressing element in a 
part of the enlarged pile and axial equipment as instal 
lation for fixation, stressing, these elements extending 
axially into the anchorage parts, the anchorage parts 
carrying on both ends dowels or plugs protruding radi 
ally into the enlargement of the pile, one acting against 
the other axially. This special stressing construction 
makes it possible, by the underground compression and 
the widening of the pile formed in this way, to construct 
a pile or anchorage by means of stressing elements hav 
ing to carry loads of traction, the concrete always being 
exposed to compressive stress, never to tensile stress, 
and moreover that, by the injection after the building 
and stressing of the anchorage part, a very safe and 
strong placement in the ground is obtained. 
A number of applications of the invention are ex 

plained in detail by the following figures: 
FIG. 1 illustrates an apparatus according to the in 

vention, with ram, pumps, and vibrating aggregates for 
ground consolidation; 
FIG. 2 illustrates the performance of an underground 

consolidation or widening of the bottom of the pile by 
a vibrating injection; 
FIG. 3 illustrates the bulb of a pile during a vibrating 

injection; 
FIG. 3A is a section along line 3A-3A of FIG. 3; 
FIG. 4 illustrates completed pile enlargement of the 

bulb and prestressing reinforcement; 
FIG. 4A illustrates an enlargement of the bulb of a 

completed pile in a modified form of construction of 
the prestressed reinforcement; 
FIG. 4B illustrates an enlargement of the bottom of 

a completed pile with a third form of construction of 
the stressing reinforcement; 
FIG. 4C is a section according along line 4C-4C of 

FIG. 4B; 
FIG. 4D is an enlarged view of the part X of the FIG. 

4B; 
FIG. 4E is an enlarged view of the part X of the FIG. 

4B, in another way of execution; 
FIG. 4F is an enlarged view of the bottom of a com 

pleted pile in another form of construction; 
FIG. 5A illustrates a ram and injecting aggregate for 

the construction of piles with vibrating injection, the 
ram head being removable after lowering the boring 
Set. 

FIG. 5B, C and D show embodiments in which only 
ramming is possible, without telescoping; 
FIGS. 5E and F show embodiments in which ram 

ming is possible with telescoping, the head being lost 
after telescoping; 
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FIGS. 5G, H, I and K show embodiments in which 
telescoping is possible, as well as removing the ram 
head; . 
FIG. 5L is a section on line SL-5L of FIG. 5K; 
FIG. 6 is a diagrammatic view of vibration injection 

of the bottom of the pile, using a folded bag or hose 
with a back flow and an energy absorber; 

FIG. 7 shows apparatus for vibration injection, ac 
cording to FIG.6, but without back flow, on the other 
hand with circulating flow; and 
FIG. 7A is a section along lines 7A-7A of FIG. 7. 
The process, according to the invention, allows sink 

ing a bore hole into the ground by boring, ramming, or 
flushing in. Then follows the injection of a liquid me 
dium under high pressure, the stream of the liquid 
being exposed to a change of pressure under high fre 
quency. The vibrations caused by this proceeding with 
simultaneous flushing cause a compression of the 
ground and a widening of the bore hole. This vibration 
injection can at first be carried out with water and sub 
sequently with a hardening building material, or at first 
with water using very fine aggregates, as argillaceous 
materials, fly ash, etc., in order to close pores and voids 
in the ground, and subsequently injecting hardening 
materials, or only the latter. The placement of the rein 
forcement is either carried out before the first or before 
the second vibration injection with grout or hardening 
material. 
In case of soil with very fine aggregates, e.g. argilla 

ceous material, a previous compression with water is 
not to be recommended because this can lead to forma 
tions of slurry and mud. For this case the invention pro 
vides the placement of a folded bag or hose into the 
bore hole, with subsequent vibrating injection of the 
bag, so that the liquid does not touch the soil. Subse 
quently, the reinforcement is placed, and another vi 
brating injection with grout or hardening material can 
take place. . 

In case of piles under tractive force and having a 
shaft of small diameter through which the reinforce 
ment has to be placed the invention provides, for a 
transmission of the very high tractive forces, in order 
to avoid cracking of the concrete and for protection 
against corrosion of the steel, the following construc 
tion of the anchorage: The bottom of the anchorage is 
reinforced by additional steel reinforcements, so that 
on one hand the stress in the steel is reduced, and on 
the other hand, the elongation and inclination to form 
cracks is diminished. These steel reinforcements, in 
form of a basket or a cone, are attached to the central 
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protective tube and shaft of the pile with hardening ma 
terial. By this method tensile stresses in the concrete 
are either completely avoided or reduced to a mini 
mum. If necessary, it is also possible to overstress the 
tie rods, i.e. to apply a higher stress than is to be ex 
pected and after the injection of the tie rods, tubes and 
the shaft of the anchorage to discharge again, so that 
this part obtains a certain prestress. 

Finally, the process provides a certain construction 
of the ramming aggregates, so that on one hand, when 
ramming, the ram heads, or boring cutters can be re 
gained, on the other hand a telescoping is possible. 

In FIG. 1 is shown the sinking of a boring 1 by driving 
a boring tube 2 with a ram head 3 with flushing chan 
nels 3a which are connected by a flushing tube 4 and 
a flushing head 5 fixed to the boring tube 2 and con 
nected with a pump 6. On the pressure pipe 5a is fixed 
a vibration device 7 with a membrane 8, piston 9 and 
eccentric wheel 10, similar to a membrane pump; the 
form of the eccentric wheel is constructed according to 
the desired acceleration curve of increase of fluid pres 
sure in pipe 5A. . . . 
Moreover, a flushing head 11 with apertures 12 lead 

ing into the upper end of tube 2 is fed by a second 
pump. 13 and a pressure pipe 11a. To the pressure pipe 
11a is attached a vibrating device. 14 with a piston 15 
and a vibrator 16. If necessary, it is possible to connect 
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rod or rods of steel by welding or screwing, being pro 
vided with plates or rings in form of dowels or plugs, or 
a spirally rolled reinforcement of great diameter, so 
that a transmission of the whole tractive load at the bot 
tom of the pile occurs. In the medium part of the en 
larged bottom of the pile the tie rods are surrounded by 
a protective tube which has, at the bottom, a tight seal, 
and on the top, at the passage into the narrow shaft, a 
tight closing plate. By this arrangement it is possible to 
inject first the enlarged bottom of the pile with the an 
chorage alone whereas the steel tie rods in the central 
protective tube are still free, i.e. not yet surrounded 
with grout or hardened material. 
After the hardening the bulb of the pile can be pre 

stressed, and after the fastening on the completed 
building and the application of the provided load it is 
possible to inject the voids between the tie rods and the 
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a second vibrator device 17 with a piston 18 which is 
driven by a link 19 and a driving disk 20, i.e. the strokes 
of compression can be produced by several vibrators, 
the amplitude and frequency being variable according 
to the local soil conditions. The ramming of the boring 
tube 2 is carried out by the ram 21 which is appropri 
ately provided with an arrangement for ramming and 
rotating. The boring tube 2 has also apertures 22 and 
25 for flushing and injecting. Opening and closing of 
these apertures is operated by mutual displacement of 
the tubes 2 and 4 and, in connection therewith, the dis 
placement of the slides 23 and 26, i.e. the ram head 3. 
Simultaneously it is possible to arrange apertures, 

e.g. in the ram head with contractions 24 in order to di 
vert the flow of water and to increase the velocity at the 
outlet. In this case the process of the enlargement of 
the bottom of the hole 27, whereas, e.g., an injection 
through the head 3 with pump 6 with low pressure and 
through the apertures 22 with pump 13 using high pres 
sure can be carried out. The vibration injection can be 
carried out as well as with one or the other system and 
while running or also during withdrawing the tubes. 
FIG. 3 shows a tractive pile with prestressing rein 

forcement during the vibration injection. FIG. 4 repre 
sents a completed pile. At first there is placed into the 
bore hole the tie rod 30 (it is possible to use only one, 
or several rods), carrying bottom of the anchorage 31, 
protective tube 34, head plate 37, and stressing head 
45. The bottom of the anchorage consists of a rein 
forcement with several longitudinal irons 32, to which 
are attached circles or plates 33a-d, or an additional 
spiral reinforcement. The connection of the bottom of 
the anchorage, i.e. the reinforcement with the tie rod 
30 can be made by welding, screwing, or mechanical 
joint. . 
Above the bottom of the anchorage 31 the tie rod is 

is surrounded by protective tube 34 with a tight seal 35 
on the lower part. This lower seal 35 can appropriately 
be provided with an inside thread in order to screw the 
bottom of the anchorage to the tie rods of stressed 
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steel. In the lower part of the protective tube 34 is 
placed an injection tube 36 for a later injection of the 
stressing channel 34a. At the upper end of the bulb i.e. , 
the enlargement of the pile hole, is placed an additional 
reinforcement, consisting of several plates 38 with ver 
tical ribs 39 near or below the head plate 37 carrying 
stressing head 45. Moreover, in the stressing head 45, 
which is shaped on the outside in form of a cylinder, on 
the inside in form of a cone, there are placed several 
wedges 46, showing on the outside one or several 
spaces 47, through which, during the injection of the 
stressing channel 34a, the grout can pass. Simulta 
neously with the reinforcement a packing collar or ob 
turator is introduced, being joined to the heading plate 
37. This obturator is used in order to obtain a tight seal 
between the lower enlargement of the pile hole 48 and 
the narrow shaft of the pile. This can be operated by 
applying an elastic tightening ring 42 on top of the head 
plate 37 which is axially squeezed by ring 43 by the 
auxiliary tube 44, and consequently pressed against the 
outside boring hole i.e. casing tube 2. 
After this operation the injection of the outside bot 

tom of the pile with grout through the injection tube 40 
takes place, during which process another enlargement 
of the bottom of the pile hole by vibration with the vi 
brators 7,14, or 17, as shown in FIG. 1 can be carried 
out. If necessary, an additional protection against cor 
rosion of the anchorage 31 by placing a bell-shaped 
tube with apertures for the flow of grout can be ob 
tained. 

After the hardening of the grout in the bulb 48 a pre 
stressing of the anchorage 31 and a fixation with 
wedges 46 can be carried out. Then a protective tube 
49 in the shaft of the pile above the stressing head 
45/46 and the tie rod 30 is placed as shown in FIG. 4. 
After fixing or connecting the pile with the building 52, 
i.e. with the steel girders 53, bearing plates 54, and 
screw 55, a repeated stressing of the tie rod 30 is car 
ried out, with a subsequent injection of the stressing 
channels 34a and 50, as well as the shaft of the pile 51. 
The injection of the stressing channel 34a can also be 
carried out during the first stressing of the anchorage. 
Instead of the ribs 39 shown in FIG. 3 it is possible to 
fix wires or pins to the rings 38 and the head plate 37, 
building a power transmission between the different 
plates or rings 38 and the respective head plate 37 in 
the axial direction. 
FIG. 4A shows a prestressed concrete pile, along the 

lines of FIGS. 3 and 4, but with the upper and lower an 
chorages protected continuously against corrosion, as 
by bell shaped enclosures 40 and head plate 56 being 
threadedly attached to the lower end of tie rod 30. The 
same constructions of anchorage and stressing head are 
employed at the upper and lower parts of the widened 
pile hole. 
The example of FIGS. 4B and 4C represents the end 

range of the anchorage part surrounded by a mainly cy 
lindrical retaining wall 101 for protection against cor 
rosion. The plate-shaped or disk-shaped dowel ele 
ments 102 have mainly the same diameter as the clos 
ing plate 56. The cylindrical wall for protection against 
corrosion 101 forms a space between the outside bor 
der of the disk dowels 102 in order to enable the injec 
tion of the inside part of the cylindrical wall 101 with 
binding material. The cylindrical wall 101 is fixed to 
the closing plate 56 and the inside dowel 102 by means 
of ridges 103. In the same way as shown in FIG. 4A, 
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6 
there are fixed vertical ribs 39 between the dowel 
plates 102. As the same time the ribs 39 extend radi- . 
ally, wires or pins can be fixed at intervals instead to the 
dowel plates 102 on the outside periphery building a 
power transmitting connection between dowel plates 
102 in axial direction. By the cylindrical wall 101 the 
access of humidity through the concrete to the covered 
part of the anchorage and, above all, the access of hu 
midity to the stressing element 30 is prevented or at 
least greatly reduced. Besides, the wall 101 fastens the 
inside concrete block radially and prevents a cracking 
or destruction of the concrete under the influence of 
the very high forces and stresses transmitted by the 
dowel plates 102 to the concrete. 
Examples for an appropriate construction of the cy 

lindrical wall 101 are shown in FIGS. 4D and 4E. Ac 
cording to FIG. 4D, the cylindrical wall 101 consists of 
a steel plate or sheet corrugated in the direction of the 
periphery, in order to form a better connection with the 
widened part of the pile. The steel sheet 104 is covered, 
at least on the outside, of the cylindrical wall iO1, bet 
ter on both surfaces, with synthetic material 105, in 
order to be itself protected against corrosion. 

In the example of FIG. 4E, the cylindrical wall is 
formed by a steel wire spiral 106. This steel wire spiral 
106 is covered with synthetic material 117, which is 
fixed in such a way that the voids or spaces between the 
windings are closed and therefore form an entire cylin 
drical wall. Besides these examples, any other construc 
tion of the cylindrical wall 101 is possible, if this wall 
possesses sufficient stability and resistance against cor 
rosion. 
FIG. 4F shows a modified construction of the dowel 

elements. In order to permit the dowel elements to pro 
trude as far as possible into the enlarged part of the pile 
or anchorage and to be able simultaneously, to intro 
duce the anchorage part through a relatively narrow 
boring hole, rods or plates 108, pivoted on the protec 
tive tube 34, linked together and remaining in a fixed 
position, as shown in FIG. 4F, are arranged in such a 
way that during the introduction of the stressing rein 
forcement they lean against the outside part of the pro 
tective tube 34. As soon as the anchorage part reaches 
the enlarged part of the boring, the dowels 108 move 
under the influence of the gravity or under the influ 
ence of applied readjusting springs into the holding po 
sition. 
FIGS. 5A-5L shows another arrangement for the 

lowering of the pile and the execution of the vibrating 
injection, wherein the boring heads or boring cutters 
can be regained after the lowering. This arrangement 
also allows telescoping. The ram is placed on the inside 
tube 64, which stands out above the casing tube 60a, 
60b, and 60c. The respective tubes are provided with 
flushing heads 61 or 65 and connected in the upper 
part by a flange, if necessary screwed one to the other. 
The construction in FIG. 5A shows a tube 60a, with 

a strengthening of the wall and with a thread 62 on the 
lower part, whereas on the head a suitable thread is ap 
plied, so that the head and the tube 60a can be screwed 
one to the other. When using a construction according 
to FIG. 5B, the casing tube 60b is strengthened in the 
lower part and shows a conical contraction 67 the head 
66b on the outside having a suitable conical shape. 
FIG.SC presents the construction of a casing tube 

with a step or a contraction, the head 66c resting on 
this step. 
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FIG. 5D shows the arrangement of a ring 68 or an al 
ternative ring 69 below the boring tube 60, this ring 
surrounding the outside part of the boring tube 60, the 
boring tube 60 and the head 66d or 66d2 resting on this 
ring 68 resp. 69 (68, 66b1 = construction with step; 69, 
66b2= construction with a conical connection). 
FIGS. 5E and 5D show the arrangements during the 

pulling out of the head with the interior tube and then 
the casing tube 60. 
FIG. 5F shows the head 66f with circular support 70 

or 71 (70 = with the same diameter as the casing tube 
60, 71 = with a greater diameter as the casing tube 60). 
FIG.5G shows the head 66g with wedge 74 between 

the casing tube 60 and head 66g, as well as circular sup 
port 73 arrangement of ring and wedge in one piece 72. 
FIG. 5H shows the head 66h and a twinwedge 75/76 

allowing a telescopic lowering, both wedges being re 
moved before telescoping or a head 66g with twin 
wedge 76/77 and circular support 78. 
FIG. 5I shows the same construction as FIG. 5H, 

after telescoping, an additional casing tube 79 with 
wedges 80 having been introduced. 

In order to be able to pierce stones or rock, the ram 
ming head 66 and the outside casing tube 60 are to be 
provided with hard metal cutters 81. 
FIG. 5K shows an arrangement where the interior 

boring tube 64K above the inset in the head has a coni 
cal sloping, wedges 82 being introduced between the 
boring tubes 64K and 60 provided with cams 83, catch 
ing the head 66K. These wedges 82 are pressed upon 
the exterior casing tube 60 by screwing the interior 
tube 64K with the head 66K. Removing the head 66K 
this is held by a face spanner, while the tube between 
the wedges, and the inside tube 64K is screwed out for 
a few turns. 
Besides the possibilities shown in FIGS. 5A-K there 

are other combinations of these cases appliable which 
are, however, not presented for reasons of clearness. 
FIG. 6 represents a vibrating injection using a closed 

and folded bag or hose 90, fixed to the pressure pipe 
91. The packing collar 92 is used in order to obtain a 
tight seal between the casing tube 60 and the pressure 
pipe 91. Besides there is attached a tube for the back 
flow 93 from the bag 90, leading into the casing tube 
60, and from there to an energy absorber 94 with an 
exit valve 95. The energy absorber can also be con 
structed in another way and is only presented schemati 
cally. 
FIG. 7 shows an arrangement like FIG. 6, but without 

a reflow tube, in the center of the bag 90 a tube 96 
being placed, containing a propeller 97 with a driving 
engine, causing a circulation of the liquid put under 
pressure which is derived by a casing 98. After the wid 
ening of the bore hole, the bag is emptied and removed 
from the bore hole. In order to reduce the damping of 
the vibration by the tubes, it is possible to place the vi 
brating aggregates 7, 14, or 17 into the boring tube, in 
case of necessity the boring tube being widened in the 
upper part. 

I claim: 
1. Process for ground consolidation and increasing 

the load capacity of piles and tractive anchorages after 
the forming of a bore hole in the ground, characterized 
by the injection of a liquid medium into the ground at 
the lower part of said hole, said liquid medium being 
injected under a high pressure which is periodically 
varied at high frequency to cause a compression and 
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8 
consolidation of the ground and a widening of the bore 
hole below ground level, said liquid medium being pro 
vided by two injection systems one of which injects liq 
uid through a bore hole forming ram head having injec 
tion channels and the other of which injects liquid 
through apertures in an outside casing tube within the 
bore hole, placing a stressing reinforcement anchorage 
within the hole, and introducing pile forming material 
into the bore, the anchorage within the widened pile 
hole portion being imbedded in the hardened pile form 
ing material. 

2. Process according to claim 1 characterized by se 
lectively opening the injection apertures in the casing 
tube such opening being caused by mutual displace 
ment of the casing tube and an inside boring injection 
tube. 

3. Process according to claim 2, characterized by ro 
tating the tubes around their longitudinal axes during 
ramming and liquid injection. 

4. A method of ground consolidation and forming 
piles of increased load capacity that comprises the 
steps of injecting into the lower end of a bore formed 
in the ground a liquid medium under pressure and dur 
ing injection varying the pressure of said liquid medium 
at a predetermined frequency for effecting widened en 
largement of the lower end of said bore, said liquid me 
dium being provided by two injection systems one of 
which injects liquid through a bore forming ram head 
having injection channels and the other of which injects 
liquid through apertures in an outside casing tube 
within the bore. 

5. The method defined in claim 4, wherein a reen 
forcement anchorage is introduced into the bore in 
such location as to be disposed within said widened 
lower end of the bore, and introducing into said bore 
fluid concrete or like pile material for hardening in situ 
around said anchorage. 

6. The method defined in claim 5, wherein said reen 
forcement anchorage comprises a steel structure and 
the method includes the step of prestressing said struc 
ture. 

7. The method defined in claim 6, wherein grouting 
is injected into the wall of the widened lower end of the 
bore after prestressing of the anchorage and prior to 
introduction of said pile forming material. 

8. A system for providing piles of increased load ca 
pacity comprising a boring tube having a ram head at 
its lower end and a reciprocable ram connected to its 
upper end to said boring tube for driving said ram head 
into the ground to form a bore hole, means providing 
a source of liquid under pressure and including means 
independent of said ram for periodically varying said 
pressure, liquid discharge passages in said ram head, 
and means connecting said source to said passages 
whereby liquid at pulsating pressure may be injected 
into the lower end of the bore hole formed by said ram 
head for widening said lower end of the bore hole. 

9. The system defined in claim 8, wherein said source 
comprises a pump for delivering liquid to a line at a 
predetermined pressure and said pressure varying 
means comprises a cyclically operable pump connected 
to said line and operable independently of said ram for 
periodically increasing said predetermined pressure at 
relatively high frequency. 

10. The system defined in claim 8, wherein said ram 
head is detachably connected to said boring tube and 
said means for providing a source of liquid under pres 
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sure comprises a conduit extending down within said 
boring tube to said ram head. 

11. The system defined in claim 8, wherein said bor 
ing tube is formed with lateral apertures above its con 
nection to said ram head, and means is provided for 
connecting a second source of liquid for discharging 
liquid at high pressure with high frequency pulsation 
through said apertures for further widening the lower 
end of said bore hole. 

12. The system defined in claim 8 comprising an an 
chorage structure in the form of assembled metal reen 
forcement elements to be embedded within the pile 
mounted within the lower part of said bore hole so as 
to be disposed at the widened region in said bore hole. 

13. The system defined in claim 12, wherein said an 
chorage is introduced through the boring tube after 
said tube has been withdrawn from the widened lower 
end of the bore hole. 

14. The system defined in claim 12 comprising means 
for prestressing said anchorage prior to introduction of 
hardening concrete or the like within the widened 
lower end of said bore hole. 

15. The system defined in claim 12, comprising at 
least one tie rod extending the length of said bore hole 
and fixed at its lower end to said anchorage structure, 
a protective tube surrounding the lower end of said rod 
within the widened lower end of the bore hole, means 
closing the lower end of said protective tube near the 
anchorage structure, a stressing head secured to said 
rod near the upper end of said protective tube, and 
means providing a seal between the protective tube and 
the boring tube. 

16. The system defined in claim 15, comprising 
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means for introducing grouting through the stressing 
head for lining the wall of said widened lower part of 
the bore hole. 
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17. System defined in claim 16 wherein a second an 
chorage comprising an assembly of metal reenforce 
ment members is mounted on the bottom of the stress 
ing head and within said widened lower portion of the 
bore hole. 

18. A system for ground consolidation and increasing 
the load capacity of piles and tractive anchorages after 
sinking a bore hole, comprising means for injecting a 
liquid medium into the ground at the lower end of the 
bore hole, said liquid medium being injected under 
high pressure which is periodically varied at high fre 
quency to cause a compression and consolidation of 
the ground and a widening of the lower end of the bore 
hole, an anchorage in the form of a stressing reinforce 
ment adapted to be disposed within said bore hole and 
to be imbedded within hardened concrete or like mate 
rial filling the lower end of said bore hole, at least one 
stressing steel rod fixed to said anchorage and extend 
ing substantially the length of the bore hole and its wid 
ened lower end, and a protective tube surrounding said 
rod and provided with a tight seal at the bottom of the 
anchorage. 

19. System as defined in claim 18, further comprising 
an outer casing tube extending down the bore hole an 
inner tube extending down through said casing tube, 
and means for detachably securing a ram head to said 
tube, said inner tube being connected to receive said 
pressurized liquid medium, and said ram head being 
formed with discharge passages for said liquid medium. 


