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(54) REINFORCEMENT KIT FOR SELF‑DRILLING HOLLOW BARS PARTICULARLY SUITABLE
FOR SELF‑DRILLING MICROPILES

(57) A reinforcement kit (1; 100) that can be coupled
to self-drilling micropiles (2) provided with a continuous
outer thread (3) and configured to be driven into a soil (T)
to be consolidated. The reinforcement kit (1; 100) com-
prises a reinforcing tubular body (4) configured to be
arranged coaxially on the outside of a self-drilling micro-
pile (2) and screw means (5; 105) that are configured to
be screwed on the outside of the self-drillingmicropile (2)
to tighten the reinforcing tubular body (4) between them
and to restrain it in the desired position along the self-
drilling micropile (2). In the reinforcing tubular body (4) a
plurality of holes (7) passing through the thickness of its
side wall (4e) are present.
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Description

[0001] The invention relates to a reinforcement kit for
self-drilling hollow bars that are driven into a soil, parti-
cularly adapted to be applied to self-drilling micropiles
with a continuous thread.
[0002] As known, in order to consolidate soils and civil
and industrial buildings, micropiles are used which can
be formed using various drilling and reinforcing techni-
ques.
[0003] It should be noted that in the field of soil con-
solidation, all piles having an average diameter of up to
300 mm are generally considered as micropiles.
[0004] In addition, micropiles are generally reinforced
with steel pipes of varying diameters and thicknesses
that are cast in place with cement grout or micro-con-
crete.
[0005] A well-known type of micropiles, which are re-
ferred to as bored micropiles, involves the use of struc-
tural steel pipes of varying diameters and thicknesses
that are driven into the soil within holes that are obtained
using different drilling techniques.
[0006] The most common strength classes of steels
used according to Italian standards are S275 and S355,
and pipe diameters range from 60 to 244 mm, with
thicknesses varying from 6 to 12.5 mm.
[0007] Finally, after insertion into the respective hole,
each micropile is cemented with cement grout or micro-
concrete.
[0008] Another well-known type of micropiles, known
as ductile cast-iron driven micropiles, involves the use of
a ductile cast-iron reinforcing pipe, generally with a dia-
meter of between 100 and 170 mm, which is installed by
beating with a hydraulic hammer.
[0009] This micropile can be simply beaten or, alter-
natively, it can be cemented with cement grout or micro-
concrete.
[0010] A further well-known type of micropiles known
as screwed micropiles employs structural steel pipes,
normally class S275 or S355, generally having a dia-
meter of between 76 and 152 mm.
[0011] A steel helix having a variable diameter - nor-
mally between 200 and 500mm - and a variable height of
between 300 and 600 mm is welded onto the tip of the
reinforcing pipe.
[0012] Micropiles of this type canonly beused in loose,
fine grain-sized soils and the drilling of the hole is per-
formed by rotation only, since it is the helix itself that,
thanks to its rotatory motion, drives the micropile down
into the soil by screwing it down to the designed quota.
[0013] Unlike other micropiling techniques, screwed
micropiles are not normally cast in place.
[0014] A furtherwell-known type ofmicropiles employs
structural steel pipes that are statically driven into the soil
by means of hydraulic jacks.
[0015] These micropiles involve the use of steel rein-
forcing pipes, normally class S275 or S355, with a dia-
meter generally of between 60 and 152 mm and a thick-

nessof between6and12.5mm,andaredriven into loose
soils that are easy to drill.
[0016] Some techniques also involve cementing the
micropile with cement grout or micro-concrete.
[0017] Finally, the self-drilling micropile technology is
well known,which involves theuse of steel reinforcement
pipes that are threaded externally along their entire
length and are made of steels having higher mechanical
properties compared to the steels making up the micro-
piles listed above.
[0018] By employing this technology, the reinforcing
pipe acts as a drilling rod and injection pipe since, while
the soil is beingdrilled, the cement grout is also injected in
the hole being formed.
[0019] Thus, cementing takes place continuously, and
when the reinforcing pipe insertion has reached the de-
signed quota, the micropile is, as such, complete in all its
installation steps.
[0020] All of the micropiling techniques listed above
are usually used to consolidate civil and industrial build-
ings, as foundational works for both newconstructionsas
well as recovery or conservative restoration.
[0021] All of the reinforcements listed above generally
meet the geotechnical calculation regarding the bearing
capacity of the pile itself, but they do not alwaysmeet the
demand for shear resistance and horizontal limit load
generated, above all, by seismic load combinations, due
to the small size and often unsatisfactory thickness of the
reinforcement pipes.
[0022] These shear stresses are particularly strong
immediately below the foundation plane represented
by rafts, plinths or continuous foundations of civil and
industrial buildings and building structures in general.
[0023] In order to solve this problem, the designer has
no other option than to improve the mechanical and
geometric characteristics of the reinforcing pipe in terms
of greater strength, particularly by increasing the dia-
meter and thickness thereof or by changing the type of
piles, however worsening the installation complexity,
especially in small spaces, and consequently the related
costs.
[0024] Theuseof self-drillinghollowbarshasanumber
of recognisedadvantagesover theuseof the known-type
micropiles described above.
[0025] First of all, the presenceof the external thread in
self-drilling hollow bars increases, compared to bars
driven in by drilling, the adhesion between the bar and
the grout that fills the hole made in the soil within which
that bar is driven. In addition, the presence of the thread
allows the tubular elements making up each self-drilling
bar to be joined by threaded sleeves, and this makes it
possible to improve the resistanceat the joint if compared
to the known-type micropiles that have been previously
described, also allowing to certify the system tightness
with the joint sleeve, which must withstand at least the
nominal breaking load of the bar.
[0026] This is not the case for traditional micropile
reinforcements.
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[0027] Another advantage originates from the fact that
self-drilling bars, if driven into brittle soils that, during
drilling, tend to collapse into the hole being prepared,
do not require the use of temporary casing pipes and this,
in addition, improves the spreading of the grout into the
soil and thus increases the average diameter given
compared to drilling performed with the temporary cas-
ing.
[0028] A further advantage originates from the fact
that, as there is no casing pipe, the outer surface of
the injected grout ismore uneven and therefore achieves
greater adhesion to the soil.
[0029] The advantages of using self-drilling micropiles
compared to theknownmicropiling techniquesdescribed
are the same encountered also when the self-drilling
micropiles are used as anchors, compared to known-
type anchors comprising solid bars or strands both of
which are pre-drilled when they are installed.
[0030] The advantages that have been listed herein
cannot always be exploited by manufacturers due to the
dimensional limitationsof thediametersof theself-drilling
bars available on the market.
[0031] In fact, self-drilling bars are produced by cold-
rolling, and due to the technical difficulties in producing
them and the associated high costs, they are only pro-
duced in diameters usually reaching up to 90/130 mm,
and exceptionally are available in larger diameters.
[0032] This obviously limits their use as they are ex-
cluded all those applications wherein self-drilling bars of
larger diameters and thicknesses would be required.
[0033] For example, when carrying out seismic rein-
forcement of building structures, the point of weakness of
the bars, as said, is located immediately below the foun-
dation plane where, in the event of an earthquake, parti-
cularly intense horizontal shear stresses develop that
may not be withstood by the bars themselves.
[0034] In other situations, e.g. in the anchors, the point
of weakness of the bars could also be located at an
intermediate position along the bars.
[0035] In both situations, the builder is forced to use
self-drilling bars with a greater section than the one
required to withstand the normal stresses that develop
during operation, simply because they are unable to
withstand such stresses in their initial or intermediate
segment.
[0036] If the section of the self-drilling bars required
turns out to be greater than the values available on the
market that have been mentioned above, the builder is
forced to choose other types of micropiles or anchors,
using as reinforcements the micropiles mentioned
above, with solid or hollow section reinforcements, which
are instead available with larger sections but whose use
entails the disadvantages that have been listed above.
[0037] The present invention aims to overcome the
drawbacks and limitations that have been described.
[0038] Inparticular, theaimof the invention is tomakea
reinforcement kit to increase the shear strength of a self-
drilling hollow bar at a specific section thereof. The aim is

achievedwith the implementationof the reinforcement kit
as described in the main claim to which reference will be
made.
[0039] Advantageously, when carrying out seismic re-
inforcement on building structures, the use of the rein-
forcement kit of the invention makes it possible to in-
crease the shear strength of a self-drilling bar only in the
area of the bar itself where it is required to occur.
[0040] Basically, the reinforcement kit allows the self-
drilling hollow bar to be shear-reinforced only where it is
required, thus favouring the use of the self-drilling bars
over known micropiles and anchors since, compared to
the latter, the self-drilling hollow bar offers the advantage
of greater speed of execution of the work and a lower
cost.
[0041] Furthermore, advantageously, the use of self-
drilling bars eliminates the dangers resulting from the
removal of drilling debris that are produced when using
other techniques.
[0042] By applying the reinforcement kit of the inven-
tion, the self-drilling bars can be installed as a replace-
ment of reinforcement comprising known-type bars or
pipes with a larger diameter, even in brittle soils and
without using temporary casing pipes, resulting in a
better spreading of the cement grout in the soil delimiting
the inner wall of the hole into which the bar is driven in.
[0043] The aim and advantages of the invention will be
better emphasised below during the description of pre-
ferred embodiments thereof, which are given hereinafter
with reference to the attached drawing tables in which:

- Figure 1 represents the longitudinal sectional view of
the reinforcement kit of the invention;

- Figure 2 represents the sectional view of another
embodiment of the reinforcement kit of the invention;

- Figures 3 and 4 represent sectional views of embo-
diments of details that make up the reinforcement kit
of the invention;

- Figure 5 represents the longitudinal sectional view of
a soil consolidation system using the kit of the in-
vention.

[0044] The reinforcement kit subject matter of the in-
vention is shown in Figures 1 and 2, which represent two
embodiments thereof based on the same solution idea,
which are respectively denoted globally by 1 and 100.
[0045] The reinforcement kit 1; 100 can be coupled
externally to self-drilling hollow bars, preferably to self-
drilling micropiles 2 provided with a continuous external
thread3,e.g. theself-drillingmicropile2 inFigure5driven
into the soil T to reinforce their resistant section.
[0046] According to the invention, the reinforcement kit
1; 100 comprises a reinforcing tubular body 4 which is
arranged coaxially on the outside of the self-drilling mi-
cropile 2 and is comprised between screw means 5; 105
which are configured to be screwed on the outside of the
self-drillingmicropile 2 and tighten the reinforcing tubular
body 4 between them to constrain it in the desired posi-
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tion with respect to the self-drilling micropile 2.
[0047] It canbenoted inFigure1 that apluralityof holes
7 are present in the reinforcing tubular body 4which pass
through the thickness of its side wall 4e so that, when the
self-drilling micropile 2 is installed, the grout penetrates
into the cavity 8 existing between the self-drilling micro-
pile 2 and the reinforcing tubular body 4.
[0048] It shouldbespecified that the threaddiameter of
thescrewmeans5;105 is smaller than the innerdiameter
of the reinforcing tubular body 4 so that when the re-
inforcement kit 1; 100 is coupled to the self-drillingmicro-
pile 2 the gap 8 is formed.
[0049] This improves the adhesion between the self-
drilling micropile 2 and the reinforcing tubular body 4
making the system more integral.
[0050] In one embodiment, the reinforcement kit glob-
ally indicated by 1 is shown in the drawing in Figure 1 and
provides that the screw means 5 comprise a first pipe-
centring nut 9 having a first support surface 9a facing the
first annular end 4a of the reinforcing tubular body 4 and
being provided with a first internal thread 6a that can be
coupled to the outer thread 3 of the self-drilling micropile
2, and a second pipe-centring nut 10 having a second
support surface 10a facing the second annular end 4b of
the reinforcing tubular body 4 and being provided with a
second internal thread6b that canbecoupled to theouter
thread 3 of the self-drilling micropile 2.
[0051] It can be noted that the pipe-centring nuts 9, 10
constrain the reinforcing tubular body 4 with respect to
the self-drilling micropile 2 when they are screwed onto
the self-drilling micropile 2 itself and their support sur-
faces 9a, 10a contrast against the annular ends 4a, 4b of
the reinforcing tubular body 4.Observing Figure 1, it can
be noted that the presence of the reinforcing tubular body
4 makes it possible to increase the section of the self-
drillingmicropile2and therefore theshear resistanceand
also the moment resistance for the entire length L corre-
sponding to the length of the reinforcing tubular body 4.
Advantageously, by using the reinforcement kit 1 of the
invention it is possible to increase the strength of the self-
drilling micropile 2 by reaching values that cannot be
reached by using the self-drilling bars on the market,
or values that can only be reached by using reinforce-
ments comprising bars or pipes of a known type, which
however have the drawbacks and limitations that have
been described above.
[0052] The reinforcement kit 1 of the invention may be
arranged in any area of the self-drilling micropile 2 that is
to be reinforced, for example in an intermediate position,
as noted in the embodiment in Figure 5.
[0053] According to the embodiment shown in Figure
2, the reinforcement kit of the invention is globally indi-
catedwith100and isparticularly adapted tobeappliedas
the head of a self-drilling micropile 2 which, as it can be
noted in Figure 5, is incorporated at least partially and
together with the upper end 2a of the same self-drilling
micropile 2, into a reinforced concrete structure 50 in-
sisting on the soil T.

[0054] Figure 5 represents the most general case in
which the self-drilling micropile 2 is composed of a plur-
ality of elements 2b, 2c, 2d that are connected to each
other by means of joint sleeves 22, 23.
[0055] It canbenoted inFigure2 that the reinforcement
kit of the invention indicated with 100 provides that the
screw means 105 comprise a first pipe-centring nut 9
having a first support surface 9a facing the first annular
end4a of the reinforcing tubular body 4 andprovidedwith
a first inner thread 6a that can be coupled to the outer
thread 3 of the self-drillingmicropile 2 and a second pipe-
centring nut 10 having a second support surface 10a
facing the second annular end 4b of the reinforcing
tubular body 4 and provided with a second inner thread
6b that can be coupled to the outer thread 3 of the same
self-drilling micropile 2.
[0056] In addition, the screwmeans 105 also comprise
a tightening nut 12 provided with an inner thread 12a that
canbecoupled to theouter thread3of theupperend2aof
the same self-drilling micropile 2 and of a thrust surface
12b facing a contrast surface 9b belonging to the first
pipe-centring nut 9.
[0057] The pipe-centring nuts 9, 10 and the tightening
nut 12 restrain the reinforcing pipe body 4 against the
self-drillingmicropile 2when they are screwed to the self-
drilling micropile 2 itself so that the support surfaces 9a,
10a of the pipe-centring nuts respectively 9 and 10 con-
trast against the annular ends 4a, 4b of the reinforcing
tubular body4and the thrust surface12bof the tightening
nut 12 forces against the contrasting surface 9b of the
first pipe-centring nut 9, preferably but not necessarily by
the interposition of a contrast plate 13, as it can be noted
in Figure 5.
[0058] In another embodiment, the thrust surface 12b
of the tightening nut 12 and the contrast surface 9b of the
first pipe-centring nut9maybe in direct contact with each
other.
[0059] The use of the reinforcement kit of the invention
according to the embodiment 100 just described is parti-
cularly useful when carrying out seismic reinforcement of
building structures since the weakness point of the re-
inforcements, including with the term "reinforcements"
micropiles, bars or pipes, is located in their initial section
immediately below the foundation plane where, in the
event of an earthquake, horizontal shear stresses, that
may not be withstood, develop.
[0060] In these cases, as previously mentioned, the
increase in strength due to the use of the reinforcement
kit100of the invention can reach values thatwould not be
achieved even using self-drilling bars of the maximum
diameter existing on themarket, but only using reinforce-
ments comprising bars or pipes of the known type.
[0061] In both the embodiments 1 and 100 of the re-
inforcement kit of the invention, a cylindrical seat 9c, 10c
is formed in the pipe-centring nuts 9, 10 which accom-
modates a corresponding annular end 4a, 4b of the
reinforcing tubular body 4 and is delimited at the bottom
by the support surface 9a, 10a of the same annular end
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4a, 4b.
[0062] In addition, the reinforcing tubular body 4 has a
circular cross-sectionwhose outer diameter 4c is atmost
equal to the inner diameter of the cylindrical seat 9c, 10c
and whose inner diameter 4d is greater than the outer
diameter of the self-drilling micropile 2.
[0063] Thus, when the reinforcement kit 1; 100 is in-
stalled, the reinforcing tubular body 4 is firmly con-
strained between the pipe-centring nuts 9, 10. Further-
more, the increase in strength of the self-drillingmicropile
2 in the area where the reinforcement kit 1; 100 is placed
is a function of the outer diameter and thickness of the
reinforcing tubular body 4.
[0064] From a constructional point of view, each of the
pipe-centring nuts 9, 10 is preferably a single-piece body
but can also be a composite body.
[0065] To this end, it can be noted in Figures 3 and 4
that, unlike the embodiments of Figures 1 and 2, each of
the pipe-centring nuts 9, 10 comprises a first cylindrical
sleeve 9d, 10d and a second cylindrical sleeve 9e, 10e,
the inner thread 6a, 6b being obtained in the latter.
[0066] The second cylindrical sleeve 9e, 10e is ar-
ranged over a segment of its coaxial length within the
first cylindrical sleeve 9d, 10d and the cylindrical sleeves
9d, 10d and 9e,10e are connected to each other by
welding 15.
[0067] In addition, preferably, each reinforcement kit1;
100 also comprises amilling ring 16 coaxially associated
with the outside of the second pipe-centring nut 10which
facilitates the penetration of the self-drilling micropile 2
into the soil T when it is rotated by the rotary hammer.
[0068] Figure 5 shows, by way of example, a soil con-
solidation system 20 comprising a self-drillingmicropile 2
that is driven into the soil T to be consolidated and is
provided at the lower end with a disposable milling cutter
21.
[0069] The self-drilling micropile 2 is associated with a
reinforcement kit 1 arranged in one intermediate area
thereof and a reinforcement kit 100 applied as a head in
the area where the upper end 2a of the self-drilling
micropile 2 protrudes from the soil T.
[0070] According to the foregoing, the reinforcement
kit of the invention, in both of its embodiments, achieves
the intendedpurposeof increasing theshear strengthofa
self-drilling micropile 2.
[0071] In fact, it was seen that the presence of the
reinforcing tubular body 4 in the reinforcement kit in-
creases the resistant section of the self-drilling micropile
2 in the area where the reinforcement kit is installed.
[0072] This is particularly advantageous in the case of
seismic reinforcement of building structures where the
use of the reinforcement kit of the invention makes it
possible to increase the shear strength of the self-drilling
micropile 2 only in the area of the bar where it is required
to occur.
[0073] In other words, the reinforcement kit of the in-
vention has the advantage of increasing the shear
strength of the self-drilling micropile 2 only where this

increase in strength is necessary.
[0074] Advantageously, this aspect puts self-drilling
micropiles in competitionwith known reinforcement com-
prising bars or pipes and with known-type anchors com-
prising solid bars or strands, both of which are pre-drilled
when they are installed, since, if compared to the latter,
the reinforcement kit offers the advantage of greater
speed of execution of the work and a lower cost.
[0075] By applying the reinforcement kit of the inven-
tion, self-drillingmicropiles canbeusedasa replacement
for larger-diameter drilled bars even in brittle soils and
thuswithnoneed touse temporarycasingpipes, andwith
the advantage of achieving a better spreading of cement
grout in the soil delimiting the inner wall of the hole within
which the bar is driven in.
[0076] In the operational step, changes and variations
may be made to the invention that have not been repre-
sented and described herein.
[0077] It is understood, however, that should these
changes and variations fall within the scope of protection
of the attached claims, they shall all be deemed to be
protected by this patent.

Claims

1. Reinforcement kit (1; 100) that can be coupled to
self-drilling hollow bars, preferably but not exclu-
sively to self-drilling micropiles (2) provided with a
continuous outer thread (3) and configured to be
driven into a soil (T) to be consolidated, said reinfor-
cement kit (1; 100) being characterised in that it
comprises a reinforcing tubular body (4) configured
to be coaxially arranged outside a self-drilling micro-
pile (2) and comprised between screw means (5;
105) which are configured to be screwed outside
said self-drilling micropile (2) to tighten said reinfor-
cing tubular body (4) between them and to restrain it
in the desired position along said self-drilling micro-
pile (2).

2. Reinforcement kit (1; 100) according to claim 1,
characterised in that in said reinforcing tubular
body (4) a plurality of holes (7) are present which
pass through the thickness of the side wall (4e) of
said reinforcing tubular body (4) so that when said
self-drilling micropile (2) is installed, the grout pene-
trates into a gap (8) existing between the self-drilling
micropile (2) and the reinforcing tubular body (4).

3. Reinforcement kit (1; 100) according to claim 2,
characterised in that the thread diameter of said
screw means (5; 105) is smaller than the inner dia-
meter of said reinforcing tubular body (4) so that
when said reinforcement kit (1; 100) is coupled to
said self-drilling micropile (2) said gap (8) is formed.

4. Reinforcement kit (1; 100) according to any one of
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the preceding claims, characterised in that said
screw means (5; 105) comprise:

- afirst pipe-centringnut (9) havingafirst support
surface (9a) facingafirst annularend (4a)of said
reinforcing tubular body (4) and provided with a
first inner thread (6a) that can be coupled to said
outer thread (3) of said self-drillingmicropile (2);
- a second pipe-centring nut (10) having a sec-
ond support surface (10a) facing a second an-
nular end (4b) of said reinforcing tubularbody (4)
and provided with a second inner thread (6b)
that can be coupled to said outer thread (3) of
said self-drilling micropile (2),

said pipe-centring nuts (9, 10) constraining said re-
inforcing tubular body (4) externally to said self-dril-
ling micropile (2) when screwed to said self-drilling
micropile (2) and said support surfaces (9a, 10a)
contrast against said annular ends (4a, 4b) of said
reinforcing tubular body (4).

5. Reinforcement kit (100) according to claim 4, char-
acterised in that said screw means (105) comprise
a tightening nut (12) which is provided with an inner
thread (12a) that can be coupled with said outer
thread (3) of the upper end (2a) of said self-drilling
micropile (2) and with a thrust surface (12b) facing a
contrast surface (9b) belonging to said first pipe-
centring nut (9),
said tightening nut (12) further constraining said
reinforcing tubular body (4) with respect to said
self-drilling micropile (2) when said thrust surface
(12b) of said tightening nut (12) contrasts against
said contrast surface (9b) of said first pipe-centring
nut (9).

6. Reinforcement kit (100) according to claim 5, char-
acterised in that between said thrust surface (12b)
of said tightening nut (12) and said contrast surface
(9b) of said first pipe-centring nut (9) a contrast plate
(13) is interposed.

7. Reinforcement kit (1; 100) according to any one of
the preceding claims 4 to 6, characterised in that a
cylindrical seat (9c, 10c) isobtained inbothsaidpipe-
centring nuts (9, 10) which accommodates a corre-
sponding annular end (4a, 4b) of said reinforcing
tubular body (4) and is delimited at the bottom by
said support surface (9a, 10a) of said annular end
(4a, 4b).

8. Reinforcement kit (1; 100) according to claim 7,
characterised in that said reinforcing tubular body
(4) has a circular cross-section whose outer dia-
meter (4c) is at most equal to the inner diameter of
said cylindrical seat (9c, 10c).

9. Reinforcement kit (1; 100) according to any one of
claims 4 to 8, characterised in that each of said
pipe-centring nuts (9, 10) is a single-piece body.

10. Reinforcement kit (1; 100) according to any one of
claims 4 to 9, characterised in that each of said
pipe-centring nuts (9, 10) is a composite body com-
prising a first cylindrical sleeve (9d, 10d) and a
second cylindrical sleeve (9e, 10e) wherein said
inner thread (6a, 6b) is obtained and which is ar-
ranged coaxially and for a segment of its length
within said first cylindrical sleeve (9d, 10d), said
cylindrical sleeves (9d, 10d and 9e, 10e) being con-
nected to each other by welding (15).

11. Reinforcement kit (1; 100) according to any one of
claims 4 to 10, characterised in that it comprises a
milling ring (16) coaxially associatedwith the outside
of said second pipe-centring nut (10).

12. System (20) for consolidating soils (T) comprising at
least one self-drilling micropile (2) that is driven into
said soil (T) to be consolidated, characterised in
that it comprises one or more reinforcement kits (1;
100) according to any one of claims 1 to 11 that are
associated with said self-drilling micropile (2).

13. System (20) according to claim12,characterised in
that said self-drilling micropile (2) is provided with a
disposable milling cutter (21) fixed at its lower end
and comprises a plurality of elements (2b, 2c, 2d)
which are connected to each other by means of joint
sleeves (22, 23).
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