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Description

[0001] The invention relates to ground supports of the
kind generally known as soil nails. Soil nails are inserted
into unstable ground, for example at the side of a steep
cutting in order to provide stability for the ground. Use
of soil nails allows steeper cuttings than can be em-
ployed with unsupported soil, thus allowing roads and
other works to be accommodated on smaller sites than
would otherwise be possible. Temporary soil nails can
also be used to provide stability for deep excavations
with steep walls, for example in foundations for build-
ings.

[0002] A typical soil nail comprises a steel bar which
is inserted into an hole bored in the ground, a space
within the bore around the bar being filled with grout or
a similar filler. At its outer end, the soil nail is normally
connected to a surface support such as a ground plate
or to steel mesh embedded in a layer of concrete.
[0003] A soil nail is not normally tensioned during or
immediately after installation. However as the ground
being supported yields, normally with a tendency to in-
duce an axial tensile force into the soil nail, load builds
up in the soil nail and it becomes effective as a support
for the ground against further movement. Soil nails are
typically about 3 metres to 10 metres in length.

[0004] An important criterion for a permanent soil nail
is resistance to corrosion. For this reason, conventional
steel soil nails are usually provided with corrosion pro-
tection, typically in the form of a thermoplastic sleeve
surrounding the steel bar with grout between the bar and
the sleeve and also surrounding the sleeve. In some in-
stallations, double protection is required; this is normally
provided by use of two separate thermoplastic shields,
both embedded in grout and surrounding the steel bar.
[0005] An object of the present invention is to provide
a ground support of the kind known as a soil nail which
is effective against corrosion but does not require the
conventional protective sleeve.

[0006] In accordance with the invention there is pro-
vided a ground support for stabilising ground by instal-
lation thereof in a bore in the ground characterised by a
head member at the inner end of the support, at least
one elongated flexible polymeric tendon extending lon-
gitudinally within the bore from the head member to the
outer end of the bore, the tendon being embedded in a
matrix of filler material and means for anchoring the end
or ends of the tendon externally of the bore. Preferably
the tendon is in the form of a belt or strip of webbing.
[0007] The head member provides an anchorage for
the inner end of the tendon and the tendon increases
the capacity of the soil body to resist tensile forces. The
filler material fills the void in the bore provided during
the installation and permits forces to be transmitted be-
tween the tendon and the soil body both directly and via
the head member.

[0008] Preferably a double tendon is formed by at-
taching the material thereof remote from its ends to the
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head member to provide two tendon sections, each of
which extends along the bore. The filler can then help
to maintain the tendon sections in desired positions in
the bore. Preferably the tendon is attached to the head
member by passing it around the head member.
[0009] Preferably two double tendons are employed
to provide four tendon sections extending along the
bore.

[0010] The outer end or ends of the tendon or tendons
may be attached to a surface support adjacent the entry
to the bore and means such as a turn buckle may be
provided for taking up slack in the tendon.

[0011] Thefiller may be a conventional grout, as used
in ground anchoring, or it may be a sand and cement
mix or hydraulically placed sand or a synthetic resin or
pulverised fuel ash and cement mix or some other suit-
able material.

[0012] Anembodiment of the invention will now be de-
scribed by way of example only with reference to the
accompanying drawings in which:-

Figure 1 illustrates a typical application for soil nails;

Figure 2 is a longitudinal section of a ground support
or soil nail according to the invention after installa-
tion;

Figure 3 is a section on line A-A of Figure 2.

Figure 4 corresponds generally to Figure 2 showing
a modification; and

Figure 5 is an illustration of a complete ground sup-
port installation incorporating a series of ground
supports conforming generally to Figure 4.

[0013] Figure 1 is a cross-section through a civil en-
gineering site such as a road widening scheme at a po-
sition where the road is below ground level. Soil from
region A has been excavated to provide new road sur-
face B in place of the original ground surface C. The
excavation leaves a near vertical bank D which if unsup-
ported would be unstable and would cause soil to col-
lapse on to the road surface. The soil in region E is sup-
ported by soil nails F.

[0014] As excavation takes place from above, bores
are drilled in the soil to receive the soil nails. Each nail
is then inserted in position and the bore grouted or oth-
erwise filled. At its outer surface, the soil nail is connect-
ed into a surface support G which in this case is material
known as shotcrete. The shotcrete is concrete which is
sprayed on to the surface and is supported by steel
mesh extending over the surface.

[0015] There is a tendency for the soil to slip diago-
nally along a shear plane such as H. A small amount of
movement is allowed to occur. This builds up tension in
the soil nails which thus stabilise the soil and resist fur-
ther slippage.
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[0016] Figures 2 and 3 show a soil nail in accordance
with the invention which may be employed for example
in a civil engineering site as shown in Figure 1. The soail
nail is assembled into the condition shown in Figures 2
and 3 within a bore drilled or otherwise formed in the soil
to be stabilised. The soil nail will be described in this
installed condition.

[0017] The main basis of tensile strength for the soll
nail is two doubled over flexible polymeric tendons 11
and 12. Each tendon is in the form of a belt or strip of
webbing produced from structural fibres such as poly-
ester or polyaramid. One suitable polyaramid material
is known by the trade name Kevlar. Suitable webbing is
known by the trade name Paraweb. Each doubled over
tendon extends throughout the length of a bore 13. In
particular, it extends from outside the bore, round ahead
member constituted by a nose cone 14 at the inner end
of the bore and again emerges at the outer end. The
individual tendons are spaced at 90° to each other as
best seen in Figure 3. Ties and/or spacers such as 15
are provided at intervals to retain the tendons generally
near the outer periphery of the bore 13. More than two
doubled tendons may be employed if required and in-
stead of or in addition to double tendons one or more
single tendons may be secured to the nose cone.
[0018] The structure of the nose cone 14 is not critical.
It may be a plastics moulding. Alternatively it could be
formed of metal or concrete or other stable material. The
nose cone serves as an aid to insertion of the tendons
in the bore and helps to ensure that the tendons extend
along the full length of the bore.

[0019] At their outer ends, the tendons are typically
engaged with a surface support for the soil. In Figure 2
steel mesh 16 represented in the drawing by four trans-
verse rods is provided at the surface of the soil and the
tendons are wrapped round the reinforcement rods and
united by a clip 17.

[0020] During further construction of the soil nail after
the nose cone and tendons have been placed in posi-
tion, the bore 13 is filled with a matrix 18 of grout or of
a sand and cement composition or other suitable filler
to embed the tendon in the filler. It is not necessary for
the filler to be rigid, for example it could be constituted
by sand which may be hydraulically placed to ensure
effective compaction. This matrix surrounds the tendons
so that they are intimately embedded in the surrounding
soil body. In the completed soil nail, the nose cone em-
bedded within the matrix acts as an anchor for the inner
ends of the tendons so that tensile loads developed in
the tendons by soil movements at one location are trans-
ferred into the soil elsewhere along the length of the soil
nail both by friction between the tendons and the matrix
and by compression in the matrix at the location of the
end anchorage. These loads are transferred in turn into
the soil by friction between the matrix and the surround-
ing soil.

[0021] To complete the outer end of the structure in
this example, the outer surface of the soil including the

10

15

20

25

30

35

40

45

50

55

reinforcement 16 and the outer ends of the tendons is
embedded in material 19 known as shotcrete, that is
sprayed on concrete.

[0022] A typical soil nail of this kind is from 3-10 me-
tres in length in a bore of about 75mm diameter. Each
tendon typically has a tensile strength of about 50kN,
providing a tensile strength of about 200kN for a soil nail
with two doubled over tendons.

[0023] In use as described more generally above in
relation to Figure 1, tension tends to develop in the soil
nail as the soil within which it is installed begins to yield
due to release of the horizontal confining pressure pre-
viously provided by soil A. The tensions in the tendons
within the soil nails support the soil in region E to prevent
collapse of the soil behind the bank D.

[0024] In an alternative construction, instead of filling
the bore, the soil may be allowed to collapse around the
tendon or tendons such that the soil comes into intimate
direct contact with the tendons to embed tendons in the
soil and tensile load develops in the tendons due to
shear effect between the soil and the tendons.

[0025] Inafurther alternative, instead of a pre-formed
bore, the tendons may be driven into the ground by a
rod which forms the bore at the same time as inserting
the tendons.

[0026] The ground support shown in Figure 4 incor-
porates tendons 11 in a bore 13 and corresponds gen-
erally to the arrangement of Figure 2. Any variations,
other than those specifically described, are self evident
and coincidental.

[0027] In Figure 4 the shotcrete is applied in two sep-
arate layers 31 and 32. After application of the first layer
31, a load transfer assembly 33 is applied against the
face of the shotcrete at the entry to the bore 13. The
load transfer assembly incorporates a plate 34 which
engages against the face of the shotcrete and through
which the tendons 11 pass. The load transfer assembly
also incorporates turn buckles 35 supported in seats 36.
End portions of the tendons 11 are passed through the
turn buckles 35 which are arranged such that slack can
be taken up in the tendon by rotating the turn buckle, for
example by means of a tommy bar. When all slack has
been taken up in the tendon and the tendon is under
light tension, the turn buckle is locked off, for example
by means of a pin passing through the turn buckle and
the seat 36. The second layer 32 of shotcrete is then
applied.

[0028] This application of tension to the tendons as
opposed totaking up slack is effected after the grout has
cured. A complete support system may be made up of
several support installations as shown in Figure 4, ar-
ranged at suitable spacing.

[0029] Figure 5 shows diagrammatically a support
system with an alternative tensioning means. A grid of
soil nails 41 conforms generally to Figure 2. A netting of
structural plastics material or a grid of steel reinforce-
ment rods may be applied to the exposed surface of the
areabeingstabilised as illustrated at 42. The preliminary
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layer of shotcrete 31 as shown in Figure 4 may also be
applied or reliance may be placed on the grid 42 itself
at this stage.

[0030] For taking up slack in the tendons 11, instead
of relying on the turn buckle arrangement as shown in
Figure 4, adjacent tendons are connected together
through adjustable connectors 43 for taking up slack.
The outer parts of the tendons thus form a support for
the surface of the area being stabilised. The tendons 11
are both connected to the connectors 43 and are then
tightened and locked in the tightened condition by oper-
ation of the connector. The tendons are prevented from
pulling sideways out of the borehole by means of a re-
taining ring device 44 at the head of each nail. Any suit-
able form of connector may be employed, possibly em-
ployingaturn buckle as illustrated in Figure 4 or possibly
being constituted by some other kind of tensioning and
locking device. At the edges of the grid, where there is
no adjacent tendon for connecting to an edge tendon,
the tendon may be terminated as shown in Figure 4 or
by connecting it to a grid or by pinning the connecting
turn buckle device to the ground surface by using a driv-
en steel pin, or in any suitable way. This technique is
suitable for environmental designs, where vegetation
can be encouraged to grow through the retaining grids
and meshes, so that the supported slope rapidly takes
on a natural appearance. If required, however, shot-
crete, possibly incorporating some further stabilising
mesh can also be applied to the surface, to protect the
tendons and prevent erosion.

[0031] By avoidingany slack in the terminations of the
tendons at the outer ends of the soil nails, tension builds
up immediately on occurrence of any slip in the soil be-
ing stabilised whereas without some pre-tension, signif-
icant movement may occur at or near the surface before
tension builds up.

Claims

1. A ground support for stabilising ground by installa-
tion thereof in a bore (13) in the ground character-
ised by a head member (14) at the inner end of the
support, at least one elongated flexible polymeric
tendon (11,12) extending longitudinally within the
bore (13) from the head member (14) to the outer
end of the bore (13), the tendon (11,12) being em-
bedded in a matrix (18) of filler material and means
(17;35;43) for anchoring the end or ends of the ten-
don (11,12) externally of the bore (13).

2. A ground support as claimed in claim 1 character-
ised in that the flexible polymeric tendon (11,12) is
in the form of a belt or strip of webbing.

3. A ground support as claimed in claim 1 or claim 2
characterised in that the support includes a double
tendon (11,12) formed by attaching the material
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thereof remote from its ends to the head member
(14) to provide two tendon sections (11,12), each of
which extends along the bore (13).

4. A ground support as claimed in claim 3 character-
ised in that the tendon (11,12) is attached to the
head member (14) by passing it around the head
member(14).

5. A ground support as claimed in claim 4 character-
ised in that at least two double tendons (11,12) are
employed to provide at least four tendon sections
extending along the bore (13).

6. A ground support as claimed in any one of the pre-
ceding claims characterised in that the filler is con-
stituted by grout or by a sand and cement mix or by
compacted sand or by a synthetic resin or by pul-
verised fuel ash and cement mix.

7. A ground support as claimed in any one of the pre-
ceding claims characterised in that the outer end or
ends of the tendon or tendons (11,12) are anchored
externally of the bore (13) by attachment to a sur-
face support (16,19;34) adjacent the entry to the
bore (13).

8. A ground support as claimed in claim 7 character-
ised in that said surface support (34) includes
means (35) fortaking up slack in the tendon (11,12).

9. A ground support as claimed in claim 8 character-
ised in that the means (35) for taking up slack is a
turn buckle.

10. A ground support as claimed in claim 9 character-
ised in that the turn buckle (35) is mounted on the
surface support (34).

11. A ground support installation incorporating ground
supports as claimed in any one of claims 1 to 6 char-
acterised in that the tendons (11,12) of adjacent
ground supports are anchored by interconnection
of the outer ends of the tendons (11,12) of one
ground support, to the outer ends of tendons (11,12)
of adjacent ground supports such as to form a sup-
port for the surface of the area being stabilised.

12. A ground support installation as claimed in claim 11
characterised in that adjustable connectors (43) are
provided for taking up slack.

Patentanspriiche
1. Bodenstiitze zum Stabilisieren des Bodens durch

ihren Einbau in eine Bohrung (13) im Boden, ge-
kennzeichnet durch ein Kopfteil (14) am inneren
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Ende der Stiitze, mindestens eine langliche flexible
polymere Sehne (11, 12), die sich in der Bohrung
(13) von dem Kopfteil (14) zum auBeren Ende der
Bohrung (13) in Langsrichtung erstreckt, wobei die
Sehne (11, 12) in eine Matrix (18) aus Fullmaterial
eingebettet ist, und eine Einrichtung (17; 35; 43)
zum Verankern des Endes oder der Enden der Seh-
ne (11, 12) auBerhalb der Bohrung (13).

Bodenstiitze nach Anspruch 1, dadurch gekenn-
zeichnet, daf die flexible polymere Sehne (11, 12)
in Form eines Gewebegurts oder -bands ist.

Bodenstiitze nach Anspruch 1 oder Anspruch 2, da-
durch gekennzeichnet, daf die Stltze eine doppel-
te Sehne (11, 12) aufweist, die durch Befestigen ih-
res Materials fern von ihren Enden an dem Kopfteil
(14) gebildet ist, um zwei Sehnenabschnitte (11, 12)
zu schaffen, von denen sich jeder langs der Boh-
rung (13) erstreckt.

Bodenstiitze nach Anspruch 3, dadurch gekenn-
zeichnet, daB die Sehne (11, 12) an dem Koptfteil
(14) durch Herumfihren um das Kopfteil (14) befe-
stigt ist.

Bodenstiitze nach Anspruch 4, dadurch gekenn-
zeichnet, dafB3 mindestens zwei doppelte Sehnen
(11, 12) verwendet werden, um mindestens vier
Sehnenabschnitte zu schaffen, die sich langs der
Bohrung (13) erstrecken.

Bodenstiitze nach einem der vorhergehenden An-
spruche, dadurch gekennzeichnet, daf3 der Fllstoff
aus Mértel oder durch eine Sand- und Zementmi-
schung oder durch verdichteten Sand oder durch
ein Kunstharz oder durch eine pulverisierte Brenn-
stoffasche- und Zementmischung gebildet ist.

Bodenstiitze nach einem der vorhergehenden An-
spriche, dadurch gekennzeichnet, daf3 das auBere
Ende oder die &uBeren Enden der Sehne oder Seh-
nen (11, 12) auBerhalb der Bohrung (13) durch Be-
festigung an einer Oberflachenabstltzung (16, 19;
34) angrenzend an den Eingang zu der Bohrung
(13) verankert sind.

Bodenstiitze nach Anspruch 7, dadurch gekenn-
zeichnet, daf3 die Oberflachenabstiitzung (34) eine
Einrichtung (35) zum Spannen der Sehne (11, 12)
enthalt.

Bodenstiitze nach Anspruch 8, dadurch gekenn-
zeichnet, daB die Einrichtung (35) zum Spannen ein
Spannschlof ist.

Bodenstiitze nach Anspruch 9, dadurch gekenn-
zeichnet, daB das Spannschlof3 (35) auf der Boden-
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11.

12.

abstitzung (34) angebracht ist.

Bodenstiitzeneinbau mit Bodenstitzen geman ir-
gend einem der Anspriche 1 bis 6, dadurch ge-
kennzeichnet, daB die Sehnen (11, 12) von benach-
barten Bodenstltzen durch Untereinanderverbin-
den der auBeren Enden der Sehnen (11, 12) von
einer Bodenstlitze mit den auBeren Enden der Seh-
nen (11, 12) von angrenzenden Bodenstltzen ver-
ankert sind, um eine Abstiitzung fir die Oberflache
des zu stabilisierenden Bereichs zu bilden.

Bodenstiitzeneinbau nach Anspruch 11, dadurch
gekennzeichnet, daB einstellbare Verbinder (43)
zum Spannen vorgesehen sind.

Revendications

Dispositif de renforcement de sol destiné a stabili-
ser le sol en installant celui-ci dans un alésage (13)
dans le sol, caractérisé par un élément de téte (14)
a l'extrémité interne du dispositif de renforcement,
au moins un élément de précontrainte polymére
flexible allongé (11, 12) s'étendant de maniére lon-
gitudinale a l'intérieur de l'alésage (13) depuis I'élé-
ment de téte (14) vers l'exirémité externe de 'alé-
sage (13), I'élément de précontrainte (11, 12) étant
encastré dans une matrice (18) de matiére de rem-
plissage et des moyens (17 ; 35 ; 43) destinés a an-
crer la ou les extrémité(s) de I'élément de précon-
trainte (11, 12) a l'extérieur de l'alésage ou forage
(13).

Dispositif de renforcement de sol selon la revendi-
cation 1, caractérisé en ce que |'élément de précon-
trainte polymére flexible allongé (Il, 12) a la forme
d'une ceinture ou d'une bande de sangle.

Dispositif de renforcement de sol selon la revendi-
cation 1 ou 2, caractérisé en ce que le dispositif de
renforcement inclut un double élément de précon-
trainte (11, 12) formé en fixant la matiére de celui-
ci a distance de ses extrémités a I'élément de téte
(14) pour fournir deux sections d'élément de pré-
contrainte (11, 12) dont chacune s'étend le long de
l'alésage (13).

Dispositif de renforcement de sol selon la revendi-
cation 3, caractérisé en ce que |'élément de précon-
trainte (11, 12) est fixé a I'élément de téte (14) en
le passant autour de I'élément de téte ( 14).

Dispositif de renforcement de sol selon la revendi-
cation 4, caractérisé en ce qu'au moins deux dou-
bles éléments de précontrainte (11, 12) sont em-
ployés pour fournir au moins quatre sections d'élé-
ment de précontrainte s'étendant le long de l'alésa-
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ge (13).

Dispositif de renforcement de sol selon I'une des re-
vendications précédentes, caractérisé en ce que la
matiére de remplissage est constituée de mortier,
d'un mélange de sable et de ciment, d'un sable
compacté, d'une résine synthétique ou d'un mélan-
ge de cendres de combustibles pulvérisées et de
ciment.

Dispositif de renforcement de sol selon I'une des re-
vendications précédentes, caractérisé en ce que la
ou les extrémité(s) externe(s) du ou des éléments
de précontrainte (11, 12) sont ancrées a l'extérieur
de l'alésage (13) en étant fixées & un support de
surface (16, 19 ; 34) adjacent a l'entrée de l'alésage
(13).

Dispositif de renforcement de sol selon la revendi-
cation 7, caractérisé en ce que ledit support de sur-
face (34) inclut des moyens (35) pour éliminer le
relachement dans I'élément de précontrainte (11,
12).

Dispositif de renforcement de sol selon la revendi-
cation 8, caractérisé en ce que les moyens (35)
pour éliminer le relachement sont un manchon de
serrage.

Dispositif de renforcement de sol selon la revendi-
cation 9, caractérisé en ce que le manchon de ser-
rage (35) est monté sur le support de surface (34).

Installation de dispositif de renforcement de sol in-
corporant des dispositifs de renforcement de sol se-
lon I'une des revendications 1 a 6, caractérisée en
ce que les éléments de précontrainte (11, 12) des
dispositifs de renforcement de sol adjacents sont
ancreés par interconnexion des extrémités externes
des éléments de précontrainte (11, 12) d'un dispo-
sitif de renforcement de sol aux extrémités externes
des éléments de précontrainte (11, 12) des dispo-
sitifs de renforcement de sol adjacents de maniére
a former un support pour la surface de la zone de-
vant étre stabilisée.

Installation de dispositif de renforcement de sol se-
lon la revendication 11, caractérisée en ce que les
connecteurs (43) ajustables sont fournis pour élimi-
ner le relachement.
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