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Description
FIELD OF THE INVENTION

[0001] Theinventionrelatestoadevice forground pen-
etration testing, and more specifically to at least one of
a ground penetration device for obtaining measurement
data or samples by pushing a penetration rod into the
ground, a system using such a ground penetration de-
vice, a method for executing a ground penetration test.

BACKGROUND ART

[0002] Everywhere in the world firm building lands be-
come scarcer and scarcer. More and more new buildings
and structures are being planned on much less favour-
able building lands. As a result, the demand for high-
grade geotechnical soil investigation techniques carried
out in order to determine the bearing capacity of the soil
increases. With the results of this soil investigation it is
possible to calculate accurately the necessary founda-
tions of buildings, constructions and alike.

[0003] Another trend in building that catches the eye
is the fact that buildings and structures become larger in
size and taller. Also underground space is being used
more and more frequently for building activities. The lat-
estupcoming trend is near-shore and off-shore construc-
tion, for example airfields, harbours living and working
accommodations, recreational areas, energy plants such
as windmills and the like. In all these cases a detailed
geotechnical soil investigation is inevitable.

[0004] A known geotechnical soil investigation tech-
nique is Cone Penetration Testing (CPT). This technique
is based on the principle of pushing a probe statically into
the ground. The maximally reached testing depth is lim-
ited, depending on the ground conditions (soft soils or
hard soils). The maximum testing depth recorded up till
now using traditional CPT techniques is 25 meter in hard
layers up to 68 meter in very soft soils.

[0005] More and more constructions will be built on
building lands with less favourable underground condi-
tions or are to be founded at much greater depths be-
cause of the shear size of the construction. Other con-
structions will be realised near- or off-shore. Therefore,
the traditional Cone Penetration Testing methods, that
can only reach limited testing depths, are no longer suf-
ficient. As a result there is a demand for CPT methods
combined with drilling techniques. These so-called
down-the-hole CPT tests are performed from within a
string of drill pipes. From the ground surface a hole is
drilled using conventional drilling techniques and a drill
pipe is placed. A CPT pushing device is lowered in to the
drill pipe and locks itself in the shoe of the drill pipe. A
probe provided on a piston rod is extruded from the push-
ing device and penetrates the ground at the lower end
of the drill pipe. Depending on the type of probe, meas-
urements are performed or a sample is taken. After hav-
ing completed the test, the device is hoisted back to the
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surface and the hole will be advanced using classic drill-
ing techniques up to the testing depth that was reached
with the CPT pushing device. Then the whole cycle is
repeated over and over again until the ultimate testing
depth is reached. Depths can be reached of tens to hun-
dreds of meters or more.

[0006] At presentthere are a number of CPT systems
available on the market that can perform CPT tests from
within a string of drill pipes. Those systems are all driven
either hydraulically or electrically from the ground surface
level. The pressure necessary for extruding the piston
rod is supplied by a hydraulic power-pack or generator
at the ground surface. This implies the use of an expen-
sive and vulnerable umbilical linking the power-pack at
the surface to the CPT pushing device lowered through
the string of drill pipes. Moreover, a loss of hydraulic pow-
er will occur in the umbilical, which will increase with
greater testing depths. Therefore, the hydraulic pressure
that has to be generated at the ground surface will be
excessive.

[0007] The present day CPT systems for CPT testing
from within a string of drill pipes can have the following
disadvantages. In the first place the conventional sys-
tems are expensive. The present day CPT systems gen-
erally comprise at least five costly components: (1) the
CPT pushing device that is used in the string of drill pipes,
(2) an umbilical connecting the CPT pushing device to
the power-pack at a surface that supplies power to the
device and is also used to lower and hoist the device
through the string of drill pipes, (3) a highly-sophisticated
winch that is capable of handling the multi-purpose um-
bilical and can deal with the various umbilical functional-
ities, such as hoisting, power-supply and data transmis-
sion, (4) a hydraulic power-pack or generator, and (5) a
data acquisition system.

[0008] The design of the conventional CPT systems
makes these systems very vulnerable, especially the
multi-purpose umbilical, since it brings together practi-
cally incompatible functionalities and is constantly low-
ered and hoisted through the very narrow string of drill
pipes and used under harsh (environmental) conditions
and circumstances. In daily practice it means that it is
absolutely compulsory to have at least one spare umbil-
ical available on a job.

[0009] Furthermore, the design ofthe presentday CPT
pushing device that is lowered through the string of drill
pipes does not allow for high testing productivity, be-
cause of, for example, the following reasons. (1) The
stroke of the CPT pushing device is limited. When a CPT
test can be done with a pushing force of 50 kN, the max-
imum stroke is 3 meter. When the CPT test is to be per-
formed with a pushing force of 100 kN (because of geo-
logical conditions), the stroke of the CPT pushing device
is limited by the vulnerability of the piston rod with the
probe to amaximum of 1.5 meter. (2) The complex design
of the umbilical makes it very vulnerable and does there-
fore not allow for high speed lowering and hoisting.
[0010] Either one of these two issues reduces the pro-
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ductivity and usability of present day CPT systems enor-
mously, also contributing negatively to the costs for soil
investigation.

[0011] Furthermore, since the design of the present
day CPT systems is complex and vulnerable, these sys-
tems can only be used by trained and experienced op-
erating personnel. These people are scarce and costly.
[0012] US5777242 discloses aground penetrating de-
vice, especially a CPT device, for use within a bore hole.
This device comprises a piston carrying a rod with a
sharpened tip, to be driven into the ground below the
lower end of a drill pipe. The piston is mounted inside a
cylinder, open towards the lower end, sealing against an
inner wall of the cylinder, whereas the lower end of the
cylinder rests on and seals against a shoulder within said
lower end of the drill pipe. The opposite upper end of the
cylinder is closed, such that a chamber is provided above
the piston. An upper end of the drill pipe, above the
ground, is sealed too, such that the inner volume of the
drill pipe can be pressurised by feeding gas under pres-
sure into said drill pipe. In the upper side of the cylinder
a passage is provided, with a control device, operable
from above ground, for allowing pressurised gas to flow
into the chamber, thus pushing the piston down within
the housing. This forces the tip of the rod out of the hous-
ing and into the ground statically. The drill pipe is held in
position axially within the bore hole by its own weight and
possibly be friction between the wall of the bore hole and
part of the drill pipe.

[0013] NL7108761 discloses a ground penetrating de-
vice, comprising a housing to which a cylinder is attached.
A locking means is provided in the form of a vacuum
chamber, for holding the housing on top of a ground area
into which a rod with a sharpened tip is to be driven. The
rod is mounted to a piston, which is provided inside a
hollow piston rod which in itself has a piston head mount-
ed within the cylinder, such that the device is telescopic
and can be driven by a pressure medium fed into the
cylinder and the hollow piston rod via a feed opening in
the top end of the cylinder.

[0014] US2003/0024713 discloses a ground penetrat-
ing device for penetration testing, wherein a hammer is
provided for hammering an end of a rod into the ground
to be tested.

[0015] US6553852 discloses an apparatus and proc-
ess for an off-surface cone penetrometer sensor. The
apparatus disclosed therein comprises a tubular shaft
with an opening near its end, through which an arm car-
rying a sensor can be pivoted, from a position in which
the arm and sensor are fully enclosed within the shaft to
aposition in which the arm extends radially from the shaft.
The shaft is first introduced into the ground to a desired
depth. Then the arm is pivoted outward, forcing it into
soil surrounding the shaft. The sensor can be a temper-
ature sensor or a voltage sensor for sensing resistivity
of the soil. US6553852 fails to disclose measurement of
resistance against penetration of the arm into the ground.
Moreover US6553852 fails to disclose locking means for
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locking the shaft in the ground. However, US6553852
discloses the preamble of claim 1.

SUMMARY OF THE INVENTION

[0016] The present invention can be defined by a
ground penetrating device according to independent
claim 1, a system using this device as can be defined by
claim 11, a method of performing a cone penetration test
according to claim 14.

[0017] The down-the-hole core penetration (DTH-
CPT) system presented in the current application can be
simpler by design, sturdier, more productive and/or less
complex than conventional systems.

[0018] A DTH-CPT system as described herein can
function without the supply of external hydraulic or elec-
tric power to the CPT pushing device from ground level.
The pushing movement can be generated in the CPT
pushing device with the help of means to converta move-
ment in a direction different from a penetration direction
namely opposite, to a movement in the penetration di-
rection. In one embodiment, a pulling force can be sup-
plied down the hole with the help of a relatively simple
cable. An umbilical as in the conventional system does
not have to be provided. If an umbilical were to be used,
it could be of a simpler design, for example without the
hydraulic lines as used in conventional systems. The use
of a CPT pushing device of this description can allow for
a DTH-CPT that needs fewer and less expensive com-
ponents. In an embodiment using a proposed penetration
means, the stroke of the CPT pushing device can be
enhanced, so that the number of necessary measure-
ment cycles can be reduced.

[0019] Further aspects and advantages will become
apparent from the following description taken in conjunc-
tion with the accompanying drawings, which illustrate, by
way of example, the principles of the invention defined
by the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The invention will be elucidated with respect to
the accompanying drawings. The drawings by them-
selves are not to be taken as a limitation of the invention.

Fig. 1 illustrates a down-the-hole core penetration
testing system according to an embodiment of the
invention as it is used at sea.

Fig. 2 illustrates a core penetration testing device
according to an embodiment of the invention. De-
picted is the state of the device when it is ready to
be lowered in a drill pipe.

Fig. 3 illustrates the state of the device according to
an embodiment of the invention when at the end of
the stroke the locking system is released and the
pushing device is unlocked from inside the drill pipe.
Fig. 4 shows the movement conversion system and
the locking system of a core penetration device ac-
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cording to an embodiment of the invention in more
detail. Fig. 4a shows the situation after passing a
ring near the bottom end of the drill pipe, when an
upward pulling force is applied. Fig. 4b shows a more
detailed magnification of the upper part of the inner
and outer chamber and the channels connecting the
two chambers. The dimensions in the radial direction
are exaggerated.

Fig. 5illustrates amovement conversion mechanism
according to a second embodiment.

Fig. 6 illustrates amovement conversion mechanism
according to a third embodiment.

Fig. 7 illustrates a movement conversion mechanism
according to a another technique, which is not part
of the invention.

DESCRIPTION OF THE INVENTION

[0021] The DTH-CPT systems and ground penetrating
devices described here are examples of the invention.
At least some of the advantages as described can be
obtained for all types of ground penetration devices that
are to be operated from a distance and require a force
to exert pressure or to produce a movement.

[0022] Ground penetration testing has to be under-
stood in this application as testing of characteristics of
ground by at least pushing an element into the ground.
[0023] When CPT tests with a system according to an
embodiment of the present invention are performed from
within a string of drill pipes, a drill pipe is placed in a
drilling hole and the CPT pushing device, which is a
ground penetration device according to the invention, is
lowered on the end of a cable, preferably a steel wire,
with the help of a winch. Fig. 1 shows an example of such
asystemdeployed at sea, for performing CPT tests below
the bottom of the sea. Equipment is placed on a jack up
barge or platform (100), from which a string of drill pipes
or a support tube (140) and drill pipes (150) are placed
down to the seabed, at least the drill pipes (150) and/or
support tubes (140) extending at least partly into the sea-
bed. A CPT pushing device (1), suspended from a wire
(130), is lowered through the drill pipes (150), to a bottom
end thereof. The pushing device (1) is operated from the
surface. The wire (130) with the CPT pushing device (1)
can be lowered and hoisted with a winch (120). The wire
(130) can, for example, be a steel or plastic wire. The
winch (120) can, for example, be a standard winch. The
CPT pushing device (1) comprises a penetration means
(5) with a probe or sampler (4) at or near its tip (5a). In
embodiments of a system according to the present in-
vention there is no need for an umbilical comprising elec-
tric and/or hydraulic supply lines.

[0024] A CPT pushing device (1) that can be used in
a system according to the invention, for example as de-
scribed in Fig. 1, is depicted in more detail in Fig. 2. The
pushing device (1) is shown within a drill pipe (150). The
pushing device is hanging from a wire (130), e.g. a steel
wire, by which it can be lowered and hoisted back up,
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and by which also a pulling force can be applied to the
pushing device (1), as will be described. A main body of
the pushing device (1) is formed by a housing (2), here
in the form of an outer cylinder (2). In this embodiment,
the penetration means (5) comprises a piston rod (3). In
Fig. 2 the piston rod (3) is shown in retracted position,
asitiswhen being lowered through the string of drill pipes
(150). The wire (130) is attached to a pulling cylinder (9),
which is also shown in a retracted position. In this em-
bodiment, the pulling cylinder (9) is at least part of and
can form a force transmission means (9).

[0025] When reaching the end (180) of the drill pipe
(150), the CPT pushing device (1) can lock itself in the
lower part of the drill pipe (150) with the help of a locking
system (6), for example. As depicted in Fig. 2, the locking
system (6) can comprise a number of spring loaded latch-
es (6a) that are pushed outwards by leaf springs (6b),
for example. Near the bottom of the drill pipe (150) a ring
(160) is provided, which the latches (6a) have to pass.
Even further down a stabilizing ring (170) is provided,
which centres and stabilizes the lower part of the pushing
device within the end of the drill pipe (180). While passing
the ring (160), the latches (6a) are forced inwards, but
after passing the ring (160) the latches (6a) are forced
out again by the leaf springs (6b), so that the pushing
device (1) is locked below the ring (160) against an up-
ward movement of the pushing device (1). Figs. 2 and 4
show the pushing device in a locked conditions. Other
known ways of locking the pushing device (1) in the drill
pipe (150) can be applied. In this description, locking of
the pushing device (1) is to be understood as immobili-
zation of the housing (2) of the pushing device (1) with
respect to the drill pipe (150), for example by a friction or
a hooking mechanism, or at least preventing undesired
upward movement.

[0026] After this locking, a pulling force is exerted on
the wire (130). The same winch (120) that is used to lower
the pushing device (1) can be used to exert the pulling
force. At that time, the wire (130) attached to the pulling
cylinder (9) induces an upward movement of the pulling
cylinder (9), which is partly pulled out of the housing (2).
By means of an internal mechanism (10) the movement
of the pulling cylinder (9) in a first direction (D1) is con-
verted into a movement in an opposite, second direction
(D2), forcing the piston rod (3) in a penetration direction
(D3) relative to the housing (2) into the ground below the
end (180) of the drill pipe (150), so that a core penetration
test can be performed. For that purpose a probe (4) is
provided on the penetration means (5) that s to be forced
from the housing (2). The probe (4) can, for example,
comprise a force measuring device or a sampler (4) for
taking ground samples. Depending on the kind of probe
(4), one or more parameters can be measured, such as
tip resistance, local friction, water pressure, temperature,
conductivity, inclination etc. A memory module (15) for
storing measured data may be provided in or near the
penetration means (5), for example close to the probe
(4), but a memory module may also be provided else-
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where in the pulling device.

[0027] The following description refers to the situation
depicted in Fig. 3. At the end of the stroke of the pene-
tration means (5), when the testis completed, the pushing
device (1) unlocks itself from the drill pipe (150) as the
winch (120) continues pulling in the wire (130). That is,
when the piston rod (3) reaches its most extended posi-
tion, the latches (6a) are released against the pressure
of the springs, for example by a pushing action by the
lower part of the piston rod (3) on a plurality of latch re-
lease plungers (6d) that push down a hollow-conical latch
release ring (6¢). The latch release ring (6¢) pushes the
latches (6a) to the inside against the pressure of the leaf
springs (6b), thereby releasing the pushing device (1).
In that case, the release occurs as a result of at least the
movement of the piston rod (3) being pushed out as a
result of the pulling action on the pulling cylinder (9). After
the release, the pushing device (1) is hoisted back to the
surface. The sequence of extruding the piston rod (3),
unlocking the pushing device (1) from the drill pipe (150)
and hoisting the pushing device (1) back up automatically
occurs while the wire (130) is pulled in, which can be
seen as a continuous movement.

[0028] As described above, the continuous pulling of
the wire (130) results consecutively in the locking of the
pushing device (1) below the ring (160) in the drill pipe
(150), the extrusion of the penetration means (5) from
the housing (2), the release of the pushing device (1)
from the ring (160) in the drill pipe (150), and hoisting the
pushing device (1) back up to the surface.

[0029] Back at the surface the probe (4) can be pre-
pared for the next test or the sample can be removed
and the DTH-CPT pushing device (1) can be made ready
for the next test. The hole is then advanced using classic
drilling techniques up to the last testing depth that was
reached with the CPT pushing device (1). The whole cy-
cle is repeated until the ultimate testing depth is reached.
[0030] The following is a description of a mechanism
that can be used to obtain the conversion of the move-
ment direction within the CPT pushing device (1). This
conversion mechanism (10) makes it possible to obtain
a penetration force in the penetration direction (D3) while
applying a pulling force on the wire (130) in the opposite
first direction (D1). In other words, a movement in a di-
rection (D1) opposite to the penetration direction (D3) is
converted to a movement in the penetration direction
(D3).

[0031] A CPT pushing device (1) is shown in Fig. 2 in
operational position, with the ground to be penetrated on
the lower side and the wire (130) on which itis suspended
on the upper side. Upper and lower side of the pushing
device (1) are described with reference to normal use of
the device (1), the lower side extending closer to the end
(180) of the drill pipes (150) than the upper side. As de-
scribed above, the pushing device (1) comprises a cyl-
inder, which forms at least part of the housing (2) of the
pushing device (1). A pulling cylinder (9) is provided at
the upper side of the pushing device (1), the pulling cyl-
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inder (9) having a smaller diameter than the housing (2).
The pulling cylinder (9) is arranged such that it can move
from a position having a large overlap with the outside
cylinder (2), e.g. extending largely within the housing (2),
to a more extended position, e.g. extending largely out-
side the housing (2). At the lower side of the pushing
device (1) the piston rod (3) is provided, having the probe
or sampler (4) near or at its tip (5a). In this embodiment,
the pistonrod (3) is provided concentrically with the hous-
ing (2). The piston rod (3) too can move from a position
more inside the housing (2) to a more extended position.
The locking system (6) for locking the device with respect
to the bore hole, more specifically the drill pipe (150), is
provided nearthe lower part on the outside of the pushing
device (1).

[0032] Inan embodiment shown in more detail in Figs.
4a and 4b, an outer chamber (11) and an inner chamber
(12) are provided near a lower end of the pulling cylinder
(9) and an upper end of the piston rod (3), respectively.
As shown in Fig. 4b, the outer chamber can comprise
two parts, provided on the inside and the outside of the
pulling cylinder (9), respectively, and connected by a hole
in the wall of the pulling cylinder (9). The chambers (11,
12) are separated by an inner cylinder (14). The cham-
bers (11, 12) contain hydraulic fluid when the pushing
device (1) is in operational state. The hydraulic fluid in
the outer chamber (11) is forced upwards with an upward
movement of the pulling cylinder (9). As can be best seen
in Fig. 4b, which is an amplification of part of Fig. 4a, for
that purpose aring (9a) is provided attached to the inside
of the pulling cylinder (9), so that the ring can function as
a piston in the outer chamber (11). By exerting a pulling
force (F1) on the pulling cylinder (9), the pulling cylinder
(9) moves to the more extended position and hydraulic
fluid is pressed upwards in the part of the outer chamber
(11) provided on the inside of the pulling cylinder (9). The
hydraulic fluid in the part of the outer chamber (11) pro-
vided on the outside of the pulling cylinder (9), is forced
through the hole in the wall of the pulling cylinder (9) to
enter the part of the outer chamber (11) on the inside of
the pulling cylinder (9). The hydraulic fluid then moves
under pressure through a channel (13) from the outer
chamber (11) to the inner chamber (12). As shown in
more detail in Fig. 4b, from the outer chamber (11) the
hydraulic fluid enters one of the lateral channels (13a)
moves up toopening (13b), where itenters channel (13c),
which discharges to the inner chamber (12). A pressure
builds up in the inner chamber (12), which urges the pis-
ton rod (3) out of the housing (2) in the penetration direc-
tion (D3). Inthat way, the upward movement of the pulling
cylinder (9) is converted to a downward movement of the
piston rod (3). This mechanism is a first embodiment of
the mechanism for converting a movement of a force
transmission means to a movement in the opposite di-
rection, more specifically the movement of the piston rod
(3) in the penetration direction (D3).

[0033] Where a DTH-CPT pushing device (1) as de-
scribed can be operated just by means of the wire (130)



9 EP 2 385 175 B1 10

and winch (120), there is no need for any complex control
unit to pilot the winch, no multi-purpose umbilical and no
complex winch. A standard winch is sufficient. In addition
to that, the testing procedure is much simpler.

[0034] In asecond embodiment of the pushing device
(1), the mechanism (20) to convert a movement of aforce
transmission means (29) in one direction (D1) to a move-
ment in the opposite direction (D2) comprises a rack-
and-pinion construction (22, 23), as for example depicted
schematically in Fig. 5. The pushing device (1) is shown
inside a drill pipe (150). The pushing device (1) has a
housing (2) and may again have an inner cylinder (14)
fixed inside the housing (2). The housing (2) and the inner
cylinder (14) may be connected such that sufficient rigid-
ity of the body of the pushing device (1) is achieved. A
different construction may be used, as long as sufficient
rigidity of the pushing device (1) is achieved, and provid-
ed it falls within the scope of the claims. Instead of a
cylinder (14), a wall with a different shape and/or cross
section may be used. A wire (29), which in this embodi-
ment is the force transmission means (29), is wound on
areel (25) axially connected with a pinion (23). The pinion
(23) is arranged to rotate with respect to a line coinciding
with its axis (24), the line being in a fixed position relative
to the housing (2) and/or the inner cylinder (14). The wire
(29) can for example be the hoisting wire (130) used for
lowering and hoisting the pushing device (1), but also a
separate wire connected directly or indirectly through an
intermediate member to the hoisting wire (130). By pull-
ing on the wire (130), the pinion (23) rotates, thereby
producing a movement of the rack (22) in the opposite
direction (D2) relative to the housing (2) of the pushing
device (1). Therack (22) may be provided slideably within
the inner cylinder (14) with an appropriate guiding mech-
anism. The rack (22) may be connected to a penetration
member (5), which is consequently extruded from the
housing (2) with the same effect as in the first embodi-
ment. The penetration member (5), comprising a pushing
rod (3) and a probe (4) at or near its tip (5a) is provided
with a guiding mechanism that centres the penetration
member (5) in the housing (2) and/or the inner cylinder
(14).

[0035] In athird embodiment of the pushing device (1),
the mechanism (30) to convert a movement of a force
transmission means (39) is as shown schematically in
Fig. 6. The pushing device (1) is shown inside a drill pipe
(150). The pushing device (1) has a housing (2) and may
again have an inner cylinder (14) or a wall with another
shape and/or cross section, fixed inside the housing (2).
A gear (33) with a central axis (34) provided at a fixed
position relative to the housing (2) is positioned to engage
with two parallel racks (32, 39), one on each side of the
gear (33). The first rack (39) is connected to the wire
(130) and functions as a force transmission means (39).
By pulling on the wire (130), a movement of the rack (39)
in direction (D 1) relative to the housing (2) of the pushing
device (1) is converted to rotation of the gear (33). The
rotation of the gear (33) results in a movement of the
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second rack (32) in the opposite direction (D2) of the
movement of the first rack (39). The second rack (32) is
connected to a penetration member (5), which is conse-
quently extruded from the housing (2) with the same ef-
fect as in the first and second embodiments.

[0036] Inanother method, wichisn’t part of the claimed
invention, the pushing device (1) comprises another
mechanism to convert a movement of the force trans-
mission means (49) in one direction into a movement in
the penetration direction (D2). In that case the force nec-
essary to bring about a movement of the penetration
member (5) is not delivered by the wire (130) on which
the pushing device (1) is suspended, but is generated by
an electromotor (42) provided inside the pushing device
(1). Fig. 7 shows one example of such a force transmis-
sion mechanism (40). The electromotor (42) drives a
spindle (43) which is connected to a cylindrical part (46)
of the penetration member (5) by way of matching
threads. A rotary movement of the spindle (43) is thereby
transferred to a linear movement of the penetration mem-
ber (5) bearing the probe or sampler (4). In the example
shown in Fig. 7, the spindle (43) is provided inside the
electromotor (42). Other configurations are possible,
where the spindle (42) and the electromotor (43) are not
provided concentrically but as separate units. Only the
spindle (42) may be provided concentrically with the
threaded part of the penetration means (5), while the ro-
tation of the electromotor (43) is transmitted to the spindle
(42) by a known transmission mechanism. When the
electromotor (42) is turning in one direction, the penetra-
tion member (5) with the probe (4) is pushed out to pen-
etrate the ground. After finishing the testing, the probe
(4) can be retracted by turning the electromotor (42) in
the opposite direction. In this embodiment the wire is only
used to lower the pushing device (1), locking it inside the
drill pipe (150) and to hoist it back up after completion of
the testing. The electromotor (42) can be provided with
a battery pack (not shown) for supplying it with power.
The battery pack may be lowered with the pushing device
(1). In that case the electromotor (42) can be remote con-
trolled, so that no electrical wire has to be provided to be
lowered with the pushing device (1) down the string of
drill pipes (150). If the electromotor (42) relies on an ex-
ternal power supply at the surface for its power, an elec-
trical connection does have to be provided. In that case
part of the advantage of not having to supply a connection
apart from the hoisting wire (130) is lost, but an electrical
wire is still easier to handle during lowering and hoisting
than a vulnerable hydraulic connection.

[0037] A further aspect of the device of the invention
is a specially adapted penetration member or penetration
piston rod (5). Conventional penetration piston rods (5)
when subjected to a load of 100 kN, tend to buckle or
kink when they are made longer than 1,5 m. The pene-
tration piston rod (5) as described hereafter can comprise
a composite material, which makes it stiffer than the con-
ventional rods. Preferably, the penetration piston rod (5)
comprises a composite inner core and a metal sleeve.
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The sleeve is preferably made of steel. It has been found
that when the penetration piston rod (5) is constructed
of aninner core made of a composite material and a steel
sleeve, itis up to 3 times as stiff as a standard full steel
penetration piston rod, and it allows for a much longer
penetrating stroke than the standard penetration piston
rod. In fact it at least doubles the penetration depth when
applying the same force, because the penetration piston
rod (5) of the invention is resistant to buckling and kinking
up to a length that is at least twice as long as in the con-
ventional penetration piston rods. As a result with each
stroke at least twice the penetration depth of the conven-
tional penetration piston rod can be reached, so the
number of changes between drilling and CPT testing can
at least be halved. That considerably enhances the test-
ing productivity. Such a penetration piston rod (5) is used
in combination with a device or method of the invention.
[0038] In the embodiments described, data acquired
by the probe can be stored in a back-up memory (15)
integrated in the probe or in the pushing device. Stored
data can, for example, be read when the CPT pushing
device is back at the surface. Alternatively, all data can
be sent to the surface in real time, so that they can be
read and recorded in real time.

[0039] A DTH CPT system according to the present
invention comprises :

- aCPT, pushing device according to one of the em-
bodiments described above

- awinch

- awire that connects the CPT pushing device to the
winch at the surface and which can be used to lower
and hoist the device through a string of drill pipes
and, in at least one embodiment, to generate the
penetrating force

- adata acquisition system or a sampling system

[0040] DTH-CPT is the most refined high-grade geo-
technical soil investigation technique available. The im-
provements introduced by the present invention make it
easier to apply the technique and extend its working
range.

[0041] In some embodiments, the penetrating force of
the piston rod of the DTH-CPT pushing device can be a
direct result of the pulling of the wire. It is the DTH-CPT
pushing device that converts the pulling force into a pen-
etrating force.

[0042] As described, the design of the piston rod can
be such that it allows for much deeper soil penetration in
one stroke compared to the present day design.

[0043] A design of a DTH-CPT system presented in
the current document can be much less complex than
the present day design, and therefore it can be consid-
erably cheaper to build, much more reliable, and can
stand for considerably enhanced testing productivity.
[0044] A design of the DTH-CPT pushing system pre-
sented in current document can be such that it does not
need a complex umbilical with hydraulic hoses, reducing
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the chance for leakages, thus reducing environmental
hazards to a minimum.

[0045] A design of the DTH-CPT system presented in
current document can be much less complex than the
present day design, reducing the need for highly trained
and experienced operating personnel.

[0046] The invention is by no means limited to the spe-
cific examples of embodiments of the invention described
the foregoing specification. Various modifications and
changes may be made therein without departing from
the scope of the invention as set forth in the appended
claims.

Claims

1. A ground penetrating device for penetration testing
and/or ground sampling, comprising:

- a housing (2);

- a penetration member (5) arranged to move
relative to the housing (2) in a penetration direc-
tion (D3); and

- a force transmission element (9, 29, 39, 43)
provided movably relative to the housing (2),

- a conversion mechanism (10, 20, 30, 40) for
converting a movement of the force transmis-
sion element (9, 29, 39, 43) in a direction (D1)
different from the penetration direction (D3) to a
movement of the penetration member (5) in the
penetration direction (D3),

characterised by

- a locking arrangement (6) for locking the hous-
ing (2) inside a borehole; wherein the direction
different from the penetration direction (D3) is a
direction (D1) opposite to the penetration direc-
tion (D3).

2. A ground penetrating device according to claim 1,
wherein the device is a cone penetration testing de-
vice (CPT), especially a down the hole cone pene-
tration testing device (DTH-CPT) capable of doing
CPT tests from within a string of drill tubes.

3. A ground penetrating device according to claim 1 or
2, wherein the penetration member (5) comprises a
tip (5a) to be pushed into the ground, especially stat-
ically.

4. Theground penetrating device according to any one
of claims 1 - 3, wherein the force transmission ele-
ment (9, 29) comprises a means for attaching a cable
(130).

5. A ground penetrating device according to any of
claims 1 to 4, wherein the conversion mechanism
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(10) comprises a chamber (11, 12) for containing
hydraulic fluid and a piston (9a) connected with or
forming part of the force transmission element (9),
such that a hydraulic fluid that is displaced when the
force transmission element (9) moves in the direction
(D1) opposite to the penetration direction (D3) push-
es the penetration member (5) in the penetration di-
rection (D3).

A ground penetrating device according to any of
claims 1to 5, wherein the housing (2) is substantially
cylindrical, the force transmission element (9) com-
prises a substantially cylindrical element and the
penetration member (5) comprises a piston rod (3),
wherein preferably a position for the piston rod (3)
is concentric with the substantially cylindrical hous-
ing (2) and at least part of the chamber (11, 12) for
containing the hydraulic fluid is provided between
the position for the piston rod (3) and the housing (2).

A ground penetrating device according to any of
claims 1 to 6, wherein the conversion mechanism
(20) comprises one of:

- a rack-and-pinion construction (22, 23);- a
rack-gear-rack construction (32, 33, 34); and

A ground penetrating device according to any of
claims 1 to 7, further comprising a measuring device
(4) or a sampling device (4) provided at or near a or
the tip (5a) of the penetration member (5).

A ground penetrating device according to any of
claims 1 to 8, further comprising a memory device
(15) for data acquisition.

A ground penetration device according to any one
of claims 1 - 9, the penetration member (5) compris-
ing an inner core made of a composite material and
a steel sleeve.

A system for ground penetration testing, comprising:

a ground penetrating device according to any of
claims 1 to 9;
a cable (130); and

- ahoisting device (120) for lowering the ca-
ble (130) and exerting a pulling force on the
cable (130).

A system for ground penetration testing according
to claim 11, further comprising a drill pipe (140, 150),
wherein the locking arrangement is preferably pro-
vided for locking the housing (2) relative to the drill

pipe.

A system for ground penetration testing according
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15.

to claim 11 or 12, further comprising a device for
reading and recording measured data at the surface
in real time.

Method for executing a ground penetrating test, us-
ing a ground penetration device according to any
one of claims 1- 10, comprising the steps of:

- lowering the ground penetrating device (1) sus-
pended on a cable (130) in adrill pipe (140, 150),
- locking the ground penetrating device (1) in the
drill pipe (150) near the bottom of the drill pipe
(140, 150),

- moving the penetration member (5) by convert-
ing a movement in a direction (D1) other than a
penetration direction (D3) in a movement of the
penetration element (5) in the penetration direc-
tion (D3),

wherein the direction different from the penetration
direction (D3) is a direction (D 1) opposite to the pen-
etration direction (D3).

Method of claim 14, wherein the step of moving the
penetration member includes moving the penetra-
tion member in the penetration direction (D3) by
moving a force transmission element in the direction
(D1) other than the penetration direction (D3) and
converting movement in the direction (D1) in a move-
ment in direction (D3) resulting in a ground penetrat-
ing action of the penetration member.

Patentanspriiche

1.

Bodenpenetrationsvorrichtung fiir Penetrationsver-
suche und/oder zur Entnahme von Bodenproben,
umfassend:

- ein Gehause (2);

- ein Penetrationsteil (5), angeordnet um sich in
Bezug auf das Gehause (2) in eine Penetrati-
onsrichtung (D3) zu bewegen; und

- ein Kraftiibertragungselement (9, 29, 39, 43),
das beweglich in Bezug auf das Gehause (2)
bereitgestellt ist;

- einen Umsetzungsmechanismus (10, 20, 30,
40) zum Umsetzen einer Bewegung des Kraft-
Ubertragungselements (9, 29, 39, 43) in eine
Richtung (D1), die anders als die Penetrations-
richtung (D3) ist, zu einer Bewegung des Pene-
trationsteils (5) in die Penetrationsrichtung (D3),

gekennzeichnet durch

- eine Verriegelungsanordnung (6) zum Verrie-
geln des Gehéauses (2) in einem Bohrloch;
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wobei die Richtung, die anders als die Penetrations-
richtung (D3) ist, eine Richtung (D1) entgegenge-
setzt der Penetrationsrichtung (D3) ist.

Bodenpenetrationsvorrichtung nach Anspruch 1,
wobei die Vorrichtung eine Vorrichtung zum Testen
der Konuspenetration (CPT, engl. Cone Penetration
Test) ist, insbesondere eine Vorrichtung zum Testen
der Konuspenetration in einem Bohrloch (DTH-CPT,
engl. Down The Hole-Cone Penetration Test), die in
der Lage ist, CPT-Versuche von innerhalb einer Rei-
he von Bohrrohren auszufiihren.

Bodenpenetrationsvorrichtung nach Anspruch 1
oder 2, wobei das Penetrationsteil (5) eine Spitze
(5a) umfasst, die in den Boden gedriickt wird, ins-
besondere statisch.

Bodenpenetrationsvorrichtung nach einem der An-
spriiche 1-3, wobei das Kraftlibertragungselement
(9, 29) ein Mittel zur Befestigung eines Kabels (130)
umfasst.

Bodenpenetrationsvorrichtung nach einem der An-
spriche 1 bis 4, wobei der Umsetzungsmechanis-
mus (10) eine Kammer (11, 12) zum Aufnehmen von
Hydraulikflissigkeit und einen Kolben (9a), verbun-
den mit oder Teil bildend von dem Kraftibertra-
gungselement (9), umfasst, sodass eine Hydraulik-
flissigkeit, die verschoben wird, wenn sich das Kraft-
Ubertragungselement (9) in die Richtung (D1) ge-
geniber der Penetrationsrichtung (D3) bewegt, das
Penetrationsteil (5) in die Penetrationsrichtung (D3)
gedriickt wird.

Bodenpenetrationsvorrichtung nach einem der An-
spriiche 1 bis 5, wobei das Gehduse (2) im Wesent-
lichen zylindrisch ist, das Kraftiibertragungselement
(9) ein im Wesentlichen zylindrisches Element um-
fasstund das Penetrationsteil (5) eine Kolbenstange
(3) umfasst, wobei bevorzugt eine Position fiir die
Kolbenstange (3) konzentrisch mit dem im Wesent-
lichen zylindrischen Gehause (2) ist und mindestens
ein Teil der Kammer (11, 12) zum Aufnehmen der
Hydraulikflissigkeit zwischen der Position fir die
Kolbenstange (3) und dem Gehause (2) bereitge-
stellt ist.

Bodenpenetrationsvorrichtung nach einem der An-
spriiche 1 bis 6, wobei der Umsetzungsmechanis-
mus (20) eines umfasst von:

- einer Zahnstangenkonstruktion (22, 23); und
- einer Zahn-Getriebe-Zahn-Konstruktion (32,
33, 34).

Bodenpenetrationsvorrichtung nach einem der An-
spriiche 1 bis 7, ferner umfassend eine Messvorrich-
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12.

13.

14.

15.

tung (4) oder eine Probennahmevorrichtung (4), be-
reitgestellt an oder nahe der Spitze (5a) des Penet-
rationsteils (5).

Bodenpenetrationsvorrichtung nach einem der An-
spriiche 1 bis 8, ferner umfassend eine Speichervor-
richtung (15) zur Datenerfassung.

Bodenpenetrationsvorrichtung nach einem der An-
spriiche 1-9, das Penetrationsteil (5) umfassend ei-
nen inneren Kern, hergestellt aus einem Verbund-
material, und eine Stahlbuchse.

System zum Testen der Bodenpenetration, umfas-
send:

- eine Bodenpenetrationsvorrichtung nach ei-
nem der Anspriiche 1 bis 9;

- ein Kabel (130); und

- eine Hebevorrichtung (120) zum Absenken
des Kabels (130) und Ausliben einer Zugkraft
auf das Kabel (130).

System zum Testen der Bodenpenetration nach An-
spruch 11, ferner umfassend ein Bohrrohr (140,
150), wobei die Verriegelungsanordnung bevorzugt
bereitgestellt ist zum Verriegeln des Gehduses (2)
in Bezug auf das Bohrrohr.

System zum Testen der Bodenpenetration nach An-
spruch 11 oder 12, ferner umfassend eine Vorrich-
tung zum Lesen und Aufzeichnen gemessener Da-
ten an der Oberflache in Echtzeit.

Verfahrenzum Ausflihren eines Bodenpenetrations-
tests unter Verwendung einer Bodenpenetrations-
vorrichtung nach einem der Anspriiche 1-10, umfas-
send folgende Schritte:

- Absenken der Bodenpenetrationsvorrichtung
(1), aufgehangt an einem Kabel (130), in ein
Bohrrohr (140, 150),

- Verriegeln der Bodenpenetrationsvorrichtung
(1) in das Bohrrohr (150) nahe dem Boden des
Bohrrohres (140, 150),

- Bewegen des Penetrationsteils (5) durch Um-
setzen einer Bewegung in eine Richtung (D1),
die anders als eine Penetrationsrichtung (D3)
ist, in eine Bewegung des Penetrationsteils (5)
indie Penetrationsrichtung (D3), wobei die Rich-
tung, die anders als die Penetrationsrichtung
(D3) ist, eine Richtung (D1) entgegengesetzt
der Penetrationsrichtung (D3) ist.

Verfahren nach Anspruch 14, wobei der Schritt des
Bewegens des Penetrationsteils umfasst, dass das
Penetrationsteil in die Penetrationsrichtung (D3) be-
wegt wird, indem ein Kraftiibertragungselement in
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die Richtung (D1), die anders als die Penetrations-
richtung (D3) ist, bewegt wird und die Bewegung in
die Richtung (D1) in eine Bewegung in die Richtung
(D3) umgesetzt wird, was in einem Bodenpenetrati-
onsvorgang des Penetrationsteils resultiert.

Revendications

Dispositif de pénétration de sol pour des tests de
pénétration et/ou un échantillonnage de sol,
comprenant :

un boitier (2) ;

un élément de pénétration (5) agencé pour se
déplacer par rapport au boitier (2) dans une di-
rection de pénétration (D3) ; et

un élément de transmission de force (9, 29, 39,
43) prévu de maniére mobile par rapport au boi-
tier (2),

un mécanisme de conversion (10, 20, 30, 40)
pour convertir un mouvement de I'élément de
transmission de force (9, 29, 39, 43) dans une
direction (D1) différente de la direction de péné-
tration (D3) en un mouvement de I'élément de
pénétration (5) dans la direction de pénétration
(D3),

caractérisé par :

un agencement de blocage (6) pour bloquer
le boitier (2) a I'intérieur d’'un sondage ;
dans lequel la direction différente de la di-
rection de pénétration (D3) est une direction
(D1) opposée a la direction de pénétration
(D3).

Dispositif de pénétration de sol selon la revendica-
tion 1, dans lequel le dispositif est un dispositif de
testde pénétration des graisses (CPT), en particulier
un dispositif de test de pénétration des graisses de
fond de trou (DTH-CPT) pouvant réaliser des tests
de CPT depuis l'intérieur d’un train de tubes de fo-
rage.

Dispositif de pénétration de sol selon la revendica-
tion 1 ou 2, dans lequel I'élément de pénétration (5)
comprend une pointe (5a) destinée a étre poussée
dans le sol, en particulier de maniére statique.

Dispositif de pénétration de sol selon I'une quelcon-
que des revendications 1 a 3, dans lequel I'élément
de transmission de force (9, 29) comprend un moyen
pour fixer un cable (130).

Dispositif de pénétration de sol selon I'une quelcon-
que des revendications 1 a 4, dans lequel le méca-
nisme de conversion (10) comprend une chambre
(11, 12) pour contenir un fluide hydraulique et un
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piston (9a) raccordé avec ou faisant partie de I'élé-
ment de transmission de force (9), de sorte qu’un
fluide hydraulique qui est déplacé lorsque I'élément
de transmission de force (9) se déplace dans la di-
rection (D1) opposée a la direction de pénétration
(D3) pousse I'élément de pénétration (5) dans la di-
rection de pénétration (D3).

Dispositif de pénétration de sol selon I'une quelcon-
que des revendications 1 a 5, dans lequel le boitier
(2) est sensiblement cylindrique, I'élément de trans-
mission de force (9) comprend un élément sensible-
ment cylindrique etI’élément de pénétration (5) com-
prend une tige de piston (3), dans lequel de préfé-
rence une position pour la tige de piston (3) est con-
centrique avecle boitier (2) sensiblement cylindrique
et au moins une partie de la chambre (11, 12) pour
contenir le fluide hydraulique est prévue entre la po-
sition pour la tige de piston (3) et le boitier (2).

Dispositif de pénétration de sol selon I'une quelcon-
que des revendications 1 a 6, dans lequel le méca-
nisme de conversion (20) comprend 'une parmi :

une construction de crémaillére (22, 23) ; une
construction d’engrenage a crémaillére (32, 33,
34).

Dispositif de pénétration de sol selon I'une quelcon-
que des revendications 1 a 7, comprenant en outre
un dispositif de mesure (4) ou un dispositif d’échan-
tillonnage (4) prévu au niveau de ou a proximité de
la pointe (5a) de I'élément de pénétration (5).

Dispositif de pénétration de sol selon I'une quelcon-
que des revendications 1 a 8, comprenant en outre
un dispositif de mémoire (15) pour I'acquisition des
données.

Dispositif de pénétration de sol selon I'une quelcon-
que des revendications 1 a 9, I'élément de pénétra-
tion (5) comprenant un noyau interne réalisé avec
un matériau composite et un manchon en acier.

Systeme pour des tests de pénétration de sol,
comprenant :

un dispositif de pénétration de sol selon I'une
quelconque des revendications 1a 9 ;

un cable (130) ; et

un dispositif de levage (120) pour abaisser le
cable (130) et exercer une force de traction sur
le cable (130).

Systeme pour des tests de pénétration de sol selon
la revendication 11, comprenant en outre une tige
de forage (140, 150), dans lequel 'agencement de
blocage est de préférence prévu pour bloquer le boi-
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tier (2) par rapport a la tige de forage.

Systeéme pour des tests de pénétration de sol selon
la revendication 11 ou 12, comprenant en outre un
dispositif pour lire et enregistrer des données mesu-
rées a la surface en temps réel.

Procédé pour réaliser un test de pénétration de sol,
a l'aide d’un dispositif de pénétration de sol selon
I'une quelconque des revendications 1 a 10, com-
prenant les étapes consistant a :

abaisser le dispositif de pénétration de sol (1)
suspendu a un cable (130) dans une tige de fo-
rage (140, 150),

bloquer le dispositif de pénétration de sol (1)
dans la tige de forage (150) a proximité du fond
de la tige de forage (140, 150),

déplacer I'élément de pénétration (5) en conver-
tissant un mouvement dans une direction (D1)
différente d’une direction de pénétration (D3) en
un mouvement de I'élément de pénétration (5)
dans la direction de pénétration (D3),

dans lequel la direction différente de la direction
de pénétration (D3) est une direction opposée
(D1) a la direction de pénétration (D3).

Procédé selon larevendication 14, dans lequel I'éta-
pe consistant a déplacer I'élément de pénétration
comprend I'étape consistant a déplacer I'élément de
pénétration dans la direction de pénétration (D3) en
déplagant un élément de transmission de force dans
la direction (D1) différente de la direction de péné-
tration (D3) et convertir le mouvement dans la direc-
tion (D1) en un mouvement dans la direction (D3)
se traduisant par une action de pénétration de sol
de I'élément de pénétration.
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