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2 Sl ope Stabilising Means 5 The present invention relates to sl ope
stabilising neans. 10 15 20 10 MAY 2004 There are two well known and nuch
used systens for the stabilisation of vertical or steep faces cut in fresh
ground by the utilisation of tensile nenbers installed and bonded into the
ground behind the faces. A soil nail conprises a tensile menppay geperally
made of steel, other netal or a conposite-such as glass or carbon fibre
reinforced plastic, installed into a pre-drilled borehole extending at a
smal | angl e bel ow the horizontal into the ground and bonded to the ground
over its entire length by use of a setting cenent or resin grout. Soi

nails are installed as a group in relatively close proximty to each other,
typically on a1l mto 2.5msquare grid at the face of the excavation. The
group of soil nails provides the in situ ground with a tensile strength
and a shear strength not previously present in the ground. Wen a face is
cut or excavation is made, there is, without soil nails, a tendency for a
zone of soil adjacent to the face to collapse into the excavation (the
"active" zone). \Wen soil nails arBlopaStabilisnt Means col | apse of this active
zone is prevented by the soil nails tying the active zone into the ground
mass behind (the "resistant” zone). 25 However, because the soil nails

cannot be artificially pre-tensjone 44e gth during or
i mredi ately aflthePrespRLiy ‘f"é‘f’f‘da?{efﬁ gﬂg%lﬁg%}g?%n;n of the tensile strength of
the soil nail can only be nmade when the ground in the active zone noves

forward in the relation o '
There are two well known and much used systems for the stabilisation of vertical or

steep faces cut in fresh ground by the utilisation of tensile members installed and
bonded into the ground behind the faces.
10

A soil nail comprises a tensile member generally made of stee), other metal or a
composite such as glass or carbon fibre reinforced plastic, installed into a pre-drilled
borehole extending at a small angle below the horizontal into the ground and bonded to
the ground over its entire length by use of a serting cement or resin grout.

15 |
Soil nails are installed as a group in relatively close proximity to each other, typically
on a 1m to 2.5m square grid at the face of the excavation. The group of soil nails

provides the in situ ground with a tensile strength and a shear strength not previously

present in the ground.

20
When a face is cut or excavation is made, there is, without soil nails, a tendency for a

zone of soil adjacent to the face to collapse into the excavation (the “active” zone).
When soil nails are installed, the coliapse of this active zone is prevented by the soil
nails rying the active zone into the ground mass behind (the “resistant” zone).

25  However, because the soil nails cannot be artificially pre-tensioned over their jength
during or immediately after installation, the utilisation of the tensile strength of the soil
nail can only be made when the ground in the active zone moves forward in the relation
to the ground in the resistant zone. Thus, the soil nails are known as “passive”

reinforcement. Hence, forward movement of the active zone of the excavated face and



)

'to the ground in the resistant zone. Thus, the soil nails are known as
"passive" reinforcenent. Hence, forward novenent of the active zone of the
excavated face and 1 0 MAY 2004 2 downward novenent of the face crest is

al ways associated with the use of soil nails for face retention.. In sone
instances, particularly with buildings or other sensitive ]§Maugpures in
the vicinity, such novenment is unacceptable -5 .The alternative systemfor
stabilisation of vertical or steep faces cut in fresh ground is the use of
ground anchorages but these nust be used in conjunction with a stiff facial
structure. A ground anchorage conprises a tensile nenber or tendon nade of
steel, other netal or 10 a conposite such as glass or carbon fibre |

rei nforced pl agdvimpwardiséveimentof the face qoeseischiwiysedsdsinteswith thecassrafispid nadls for
smal | angl e bel ow the horizontal into the 'grour] anﬁ. bondg&to t he ground
over only its ficstetentiosndusomennsanges, Sagiciasly with Buldings o ofRer sepsit¥fent or
resin grout. The di stad_] | engt h _oyer whi ch.%oucréd ﬁgendi ng occurs is always
sited in the TREIHERIIG NHIDEH SYGMEYTERYISHLCRERE di st ance from t he
excavat ed face. Throughout 1$ the active zone, the ground anchorage tendon
is conpletely debonded fromthe ground by use of grease coating and

pl astic shaat hipgaitdrhfivelsysem fop tabilismfontdfeekicalimmsteep Tades cut mofreshagountis
tendons fromthe ground and fromthe grout which nmay al so,be p acegw;l*n.
this | ength ofththse bf)gmbnﬂanc}mge@\hmﬂgﬁs,e mysh §e usedanicopupRtion with gy facial
anchorage is not bonded to the ground within the active zone, it is
necessary to piB¥RYHE a ground retaining structure in front of the active
zone to which the head of the anchorage tendon is fixed. This structure or
structural facing may be of steel (sheet piling, king piling etc.) or
reinforced congrfbend élBbRGe Rbimprisedizaphsile grenie lor cends magle of steck athicnmetalior t
as excavation proceeds) for

10  acomposite such as glass or carbon fibre reinforced plastic, installed into a pre-drilled
borehole extending at a small angle below the horizontal into the ground and bonded to
the ground over only its distal length (“fixed length™), by use of setting cement or resin
grout. The distal length over which ground bonding occurs is always sited in the
resistant zone of the ground mass some distance from the excavated face. Throughout

15  the active zone, the ground anchorage tendon is completely debonded from the ground
by use of grease coating and plastic sheathing (the “free length” of the tendon). This

;solates the tendons from the ground and from the grout which may aiso be placed in

this length of the borehole.

20 However, since the tendon of a ground anchorage is not bonded to the ground within
the active zone, it is necessary to provide a ground retaining structure in front of the
active zone to which the head of the anchorage tendon is fixed. This structure or
structural facing may be of steel (sheet piling, king piling etc.) or reinforced concrete

(bored pile, diaphragm wall or structural facing built as excavation proceeds) for

25 example.

At the head of the ground anchorage is an anchor head plate, which transfers load to the
structural facing. The benefit of the ground anchorage system is that it allows the
tensile member to be anificially pre-stressed prior to the excavation proceeding

30 downward. A stressing jack is placed against the structure and a load is applied 1o the



25 exanpl e. At the head of the ground anchorage is an anchor head pl ate,
which transfers load to the structural facing. The benefit of the ground
anchorage systemis that it allows the tensile nmenber to be artificially
pre-stressed prior to the excavation proceedi ng 30 downward, A stressing
jack is placed against the strum re and a load is applied t 8 ML 0 nAY
2004 3 tendon. This exerts an inward directd @ral force onto the structure
and hence to ground behind. The entire tensile force applied to the tendon
is transferred through the debonded Iength of the tendon in the active
zone and resisted by the bond capacity of the ground in the resistant

zone. Hence, the ground in the actjye zone_.is pre 5 conpr

movenent of t hendec el bifgxersandpward %fec}‘ﬂ%a?é%?%s&t?i %sq%gﬁéﬁgg?%{w? oqngss
t han that whi ch would take pla whe LSl | Ldd tRew

However, the REDEHY gﬁ)éegepsxfﬁgr%ﬁ%gﬁéagdnt(@h?)'?‘gg%%%njﬁég IS hg‘ehi gh

cost assoc at eyl bl feligin FORSEAME indfle Rrivelroneirdretiseabyitheborgl tdpacuned

whi ch the enti g load must be transferred. 10 A description of
the use and cofgtraifidiifTheoesiglamutieaiisnoe, aregrousd inghp activaaadeinPithe  Code

of Practice for ound Anchor ages - BS8081 - publi d by the Britj.

St andar ds i nsctdmpreésad,.thﬂmmgvﬂg@é Oﬁﬁﬁofaé%ﬁidaﬁhgﬁreéléj&sg?’é%v { 5&81‘%59?1’1&’5
GB 2223518 descri bes a single r | tipl hor. LS

ol U al 1y of  cera tha ek b ioson L2k e, PRy 2R PG 5360 rRA TP Moviever, the
bonded i n resp&g%@\éﬁggggﬁg@?ﬂ%ﬁglﬁgﬁo@ e SIRUIE gqﬁmgdmaggdiamﬂswhhmts

al ong the bore. een utilTsed in the past for stabilisation of
vertical or stgepufandsofibé stintralfatingshroggibwhithithe eutire istailisingoioad Mushb G f
soil nails and ground anchorages have been

transferred.

10
A description of the use and construction of ground anchorages is to be found in the

Code of Practice for Ground Anchorages - BS8081 - published by the British Standards

institution. This Code also contains suggested terminology.

15  GB 2223518 describes a single bore multiple anchorage comprising 2 plurality of unit
anchorages, each having a tendén, the tendons being bonded in respective

encapsulations at staggered and spaced positions along the bore.

Methods have been utilised in the past for stabilisation of vertical or steep faces cut in

20  fresh ground in which a combination of soil nails and ground anchorages have been

considered beneficial.

The present invention provides slope stabilising means comprising a bore contamning

bore grout and:

25
(1) at least one ground anchorage means, comprising a tendon having a bond

length which is bonded along the bond length within the bore grout and a free

length arranged so that there is substantially no adhesion between the free length

and the bore grout; and



"consi dered beneficial. The present invention provides slope stabilising
means conprising a bore containing bore grout and: 25 (i) at |east one
ground anchorage neans, conprising a tendon having a bond Ilength which is
bonded al ong the bond length within the bore grout and a free  |length
arranged so that there is substantially no adhesi on bet weer & H& Hilee | engt h
and the bore grout; and 1 0 MAY 2004 4 (ii)-a4 teast one soil nail neans
conprising a tensile nenber bonded to the bore grout along substantially
the whole length of the tensile nmenber. 5 The present invention has the
benefit of directly tying the ground in the active zone to the ground in
the resistant zone using the soil nail, at the sanme tinme as pre-conpressing
the active zone ground using the ground anchorage, thus reducing or

elimnating face apd crest : &Eﬁj'. t
stabilising syst emsﬁﬁan ]cg%@é?%@ghm%%ﬁ%e : ﬂf%&%&e@?ﬁ%&ﬁ%\ygﬁ}%ﬁehas
t he additi onal advapgfé ol ¥éng sebstBh@dlytEe whold lengiRbf thenensile ngensbend

e

anchorage in a sing ore hol"e, the nunber of bore hol es and conponents
requi red can be reduced. 15 The inventors have discovered that,

surprisingly, the inclusion of a soil nail in the bore r.Qut, of .a gﬁr}ou d
anchor age doesThopresentrineentipn bas thedepefitiof dirgpbetydns the grqying n the aghye goug o

the sof | nai | Whaendnibe reislnhete e B8 shEOHE duBie PR 1Y wfrescpph 88"

allowing a 11 gfifetrive zone ground using the ground anchorage, thus reducing or eliminating face

and crest movement. The benefits of both slope stabilising systems can be obtained

combined.

10
The present invention has the additional advantage that, by placing a soil nail and a

ground anchorage in a single bore hole, the number of bore holes and components

required can be reduced.

15  The inventors have discovered that, surprisingly, the inclusion of a soil nail in the bore
grout of a ground anchorage does not detract from the performance of the ground
anchorage. Indeed, by tying the area of ground in the region of the end of the tendon,
the soil nail helps to resist the compressive load at the proximat end, allowing a lighter
structural facing to be used. Finally, it is found that the inclusion of a ground

20  anchorage does not interfere with the operation of the soil nail.

The present invention further provides a method of stabilising slopes, comprising

forming a bore in the ground, and placing in the bore:

25 () at least o;me ground anchorage means comprising a tendon having a bond length

and a free length, and

(i)  at least one soil nail means comprising a tensile member;



'structural facing to be used. Finally, it is found that the inclusion of a
ground 20 anchorage does not interfere with the operation of the soil nail.
The present invention further provides a nethod of stabilising slopes,
conprising formng a bore in the ground, and placing in the bore: 25 (i)
at | east one ground anchorage neans conprising a tendon having a bond
length and a free length, and (ii) at |east5one soil nail neRAE)gENMPrising
a tensile nenber, 5 1 0 MAY 2004 grout being fed into the bore whereby the
bond | ength of the tendon of the ground anchorage neans is bonded to the
grout, the free length of the tendon being arranged to have substantially

no adhesion to the resulting grout wthin the bor r

tensi | e menbergroit beng kdiintohg poraudistey %Bq{@éaﬂﬁ‘@bfﬁ’gq%ﬁé% °§3§%@’%§f‘%ng
substantially the 5 whole |en Il : Wdﬁ adlto
being fitted &R r?ﬁ%mtcéﬁ‘?dlaho &%Eﬂgeqégﬁ‘hgﬁg?\égﬁgn%gp%aﬁghand t he fgendon
being stressed, gud,pitafly #b blihdsRARG the feSuliihgg@Nrhohinhedore, 46 Whereby thend

Anchor age Mea a preferre odi nent , ere are a plurality of  uni
anchor ages reGgiyigGnétib@ oFithiod nallanens Ftondedi the bgtergroutfalons, ianiaally the
respective unit anchorages are preferably 15 anchored in the bore grout in
st agger ed and il thgtiebfithe tensite pembetig t he bore. The tendons of the ground
anchorages may conprise steel, other nmetal or synthetic polyneric
material, for exanple conposite material such as glass or carbon fibre

reinforced pl aa%tzjn%horzlg)cad being fitted onto the tendon of the ground anchorage means; and

the tendon being stressed and locked with respect to the anchor head.

10
The Ground Anchorage Means

In a preferred embodiment, there are a plurality of unit anchorages received in a single
bore. The bond lengths of tendons of respective unit anchorages are preferably

15  anchored in the bore grout in staggered and spaced relationship along the bore.

The tendons of the ground anchorages may comprise steel, other metal or synthetic
polymeric material, for example composite material such as glass or carbon fibre
reinforced plastic.

20
Where steel or other corrodable materials are used, the bond length of the tendon is

bonded in an encapsulation comprising a duct filled with resin or cement grout. This
encapsulation is bonded in the bore grout whereby the bond length is bonded to the bore

grout. Polymeric components surrounding the free length will also be required to resist

25  corrosion.

However, when any tendon is made of carbon or glass reinforced plastic or other non-

meizllic material, corrosion protection is not required for that tendon.



‘Where steel or other corrodable materials are used, the bond I ength of the
tendon is bonded in an encapsul ation conprising a duct filled with resin
or cenent grout. This encapsulation is bonded in the bore grout whereby
the bond length is bonded to the bore grout. Polyneric conponents
surrounding the free length will also be required to resist | 024AYdB#r osi on.
However, when any tendon is made of carbon-of glass reinforced plastic or
other non- netallic material, corrosion protection is not required for that
tendon. 6 1 0 MAY 2004 Preferably, all of the tendons conprise synthetic
polynmeric material. The bond length of a unit anchorage within the bore

w Il be sel ected dependi upo t he 4r . -s0i | gradi ng and
t he bond capa&‘i’%ﬁragf 3 @?3*?%@P@%Stcﬁ“kpﬁéggq‘g’oeﬁﬁ%/?ggg’ﬁ%& ]g%@? e respective
dept h. Ground anchorages conprising tendons of synthetic polyneric materi al
are described in our co-pending United Kingdom patent application no.

9817186. | . 10 THe®oh8NHaih SRy usioaRHosageavitim dtetbood wilbby sededted dépendingypen as
nylon of a suitable grade. Most preferably, the tend?ﬂ? conpri setﬁ a
conposi te conpiid gongd siyerigtiethaescibgrpdingiand theshaadicapaciy g tsropt withithe gy
conprise nylon or keviar strands enbedded in a synthetic resin.
Al t er nat i vgl y soiligropnd at gheResRESUYS g%h'rei nforced plastic, or carbon fibre
reinforced plastic. 15 The tendon may be of any suitabl e shape or any
sui tabl e di mensions. The tendon is suitably approximately circular in
cross sectiongrgagd fichblagedigothprisifg tndomst afsynthetihipolymarignat€ial afegdasenibed in
Alternatively, flat cross sections, such as rectangular or elliptical
cross secti onsuneypeheding EhitedKirgdompatentepplication non8d§6Have a t hi ckness
(m nor axis)
10  The tendon may comprise a length of polymeric fibre, such as nylon of a suitable grade.
Most preferably, the tendon comprises a composite comprising synthetic polymeric
material. For example, it may comprise nylon or kevlar strands embedded in a

synthetic resin. Alternatively, it may comprise glass reinforced plastic, or carbon fibre
reinforced plastic.

15
The tendon may be of any suitable shape or any suitable dimensions. The tendon is

suitably approximately circular in cross section, preferably having a diameter in the
range 10 - 50 mm. Aliernatively, flat cross sections, such as rectangular or elliptical
cross sections may be used. Such flat cross sections may have a thickness (minor axis)
20  in the range 3 - 15 mm and a width (major axis) in the range 20 - 100 mm. The
modulus of the elasticity of the tendon is preferably in the range 50 - 200 KN/m?.

Commonly available tendon materials have moduli of elasticity in the range

50 - 100 kKN/m®.

25  The strength of the tendon should be high as possible. Preferably, the capacity is at
least S0 kN. Typical glass reinforced plastic tendons have a capacity in the range of

50 - 500 KN. Carbon fibre tendons may have a capacity in the range 2000 - 3000 kN.

A tendon for use in the present invention may typically comprise a plurality of fibres

30 aligned with the length of the tendon, the fibres being retzined in a resin medium. Such



‘20 in the range 3 - 15 nmand a width (major axis) in the range 20 - 100
mm The nodulus of the elasticity of the tendon is preferably in the range
50 - 200 kN'n2. Commonly avail abl e tendon materials have noduli of
elasticity in the range 50 - 1 00 kKNI n2. 25 The strength of 1tdqﬂA\tfﬂ don
shoul d be high as possible. Preferably, the capacity is at least 50 W
Typi cal glass reinforced plastic tendons hav@ a capacity in the range of
50 - 500 W Carbon fibre tendons nay have a capacity in the range 2000 -
3000 W A tendon for use in the present invention may typically conprise a
plurality of fibres 30 aligned with the length of the tendon, the fibres
being retained in a resin nmediu Su 1 0. MAY 20 btably
manuf act ur ed hgndongare suigbrm Eiﬂ’]¥1§ PRETYRIOR, Pf&%é%m"‘g E’s(f)\g Qﬂgn&f)@ro?g%

ki led In the art  Tho L S0dONSTHIRGRRSOLY ik QidbphbM. Hellbaueddonsiomay ray

have a centrall“%ﬂ?&c“éu ons are-in the range 10 - 30% of the

correspondi ng eug%ieﬂﬁal%mﬁ&e SirRénsidhe afendberrangei 0 e 8¥fahe eorxaponding
di anet er tendg‘ﬁ y have'a b5 central hole of dianmeter. 5 nm B’he bo?lcej
length of eachy gk BRnémeivaebSiheserfdohl Fooexampe,izsd2 PrhaAREE” EnFeR MY Y  he
sel ected length of the bore grout and no additional stop nenber or

encapsul at ison destralr leajeiof didmetey SMBf er abl y, the bondi ng between the bond

| ength and the bore grout is the sole anchoring effect within the bore
grout and operates in the absence of any transverse nechanical stop nenber

wi thin the bo[?g}e [Qut; n%,ﬁ oFBchf dreRe defiHshs Risllynorqfaetiadly honded dintstly to theat ed to
P DR

ensure that t e or substantially no adhesion betvveerl1 the free
length and t he fpfed lgr@Hiof tietoregmuphns na addibgnabstop member or encapsulation is

required.
10
Preferably, the bonding between the bond length and the bore grout is the sole

anchoring effect within the bore grout and operates in the absence of any transverse

mechanical stop member within the bore grout.

15  The free length is preferably suitably eated to ensure that there is little or substantially

no adhesion between the free lerigth and the bore grout. For example, it may be

lubricated, for example greased. It may additionally or alternatively be sheathed with

plastic material to prevent adhesion to the bore grout.

20  Portions of tendons adjacent and parallel to bond lengths of adjacent tendons (where

present) may be surrounded with compression-resistant ducting, for example a tube of

rigid material that is strong in a direction transverse to its length.

The force exerted on the grout by the bonding of the tendon acts in a direction to burst

25 the surrounding grout. If the bond length lies in the vicinity of one or more free lengths
of adjacent tendons, there may be 2 probiem. Free lengths of tendons are greased for
movement and are not bonded to the bore grout. They accordingly represent regions of
weakness in the resisting of the bursting force. This weakness is made worse, if, as is
typically the case, the free lengths of tendons are individually sheathed with one or

30 more layers of synthetic polymeric material covering at least those portions of the



‘lubricated, for exanple greased. It may additionally or alternatively be
sheathed with plastic material to prevent adhesion to the bore grout. 20
Portions of tendons adjacent and parallel to bond | engths of adjacent
tendons (where present) may be surrounded with conpression-resistant
ducting, for exanple a tube of rigid material that is st r o

direction transverse to its length. The force exerted on the grout by the
bondi ng of the tendon acts in a direction to burst 25 the surrounding
grout- If the bond length lies in the vicinity of one or nore free | engths
of adjacent tendons, there nmay be a problem Free |engths of tendons are
greased for novenent and are not bonded to the bore groyt. The

accordi ngly rapmﬁnﬂmmﬁlegesmstl\ccfbomlelam@ﬁa’?%hﬂcfﬁ@dpésg LHEJCBF‘ $8%Bur st i ng
force. This weakness_ is nade worse, if, as el free
| engt hs of teﬂd@ﬁiﬁnb‘?@}’&ma\ylcﬂmsﬁ %WE%%%’%S%P@%‘“@C b%?er’r-gﬁ%? yg{r% 5 of
synthetic polyneric material covering at |east those portions of the 1 0
MAY 2004 8 tendon near the respective bond | ength of another tendon.

Sui t abl e conpr §§ﬁ+ﬂ>£} anfaﬁéérﬁéxﬁlﬂsts}@uﬁﬁnr@ mweﬁmrdlamnaommx@sbom meblpbt ant
polymeric material or the ke. A simlar arrangenent _is shown

2260999 i n sr el aicherage in \&hlﬁh lagﬂmabtymf mﬂaltnepdc@s 28 lm%w&ha’g@cwﬁukiﬂ@ﬁ 84
plurality of metal tendons are .held wt encapsul ati ons at staggered and
spaced positi cneegaredrigd SPRECH PPENONGEI0NE g’é’é ‘the bond of the tendon within
the grout, the bond length of the tendon is preferably deforned on its
outer surface within the grout. The surface of the tendon 10 nay have a

wave shaped praf cceasd b8 b8h@ntheaBsdial witkintRegoutidbond dengt ofheiandaarishead
at the open en e bore. Were a plurality of ground anchorﬂa‘gémn re

present, each grefeutdy deformetbon imputee surfagervgiinits srputh The sudpese

stressing jack for extendin aci ng the tendon under
? ]JO may have a wave shgapf:tiq pm?'& g

The ground anchorage means will inchude an anchor head at the open end of the bore.

Where 2 plurality of ground anchorages are present, each separate tendon may be

15  provided with a respective stressing jack for extending and placing the tendon under
Joad. Each respective stressing jack will extend by a different amount to the other
jacks, depending upon the corresponding elastic length of the tendon in the bore. The
tendons may be simultaneously loaded to the same load or they may be loaded to
different predetermined load.

20
The Soil Nail Means

The tensile member of the soil nail means preferably comprises steel, other metal or it

may comprise a synthetic polymeric material. Any polymeric material described above
25  in respect of the ground anchorage will be suitable for use as a tensile member in the

soil nail means.

There may be a plurality of soil nail means in the bore.



| oad. Each respective stressing jack will extend by a different anount to
the other |jacks, depending upon the corresponding elastic |ength of the
tendon in the bore. The tendons may be sinultaneously |oaded to the sane

| oad or they nay be |oaded to different predeterm ned | oad. 20 The Soi

Nai | Mews The tensile menber of the soil nail means preferablWMAfGifbri ses
steel, other netal or it nmy conprise a syntthhetic polymeric material. Any
polymeric material described above 25 in respect of the ground anchorage
will be suitable for use as a tensile nenber in the soil nail neans. There
may be a plurality of soil nail neans in the bore. 9 1 0 MAY 2004 In order

to increase the bgond between t.h I ans and t [ Q t ensile
nenber may be B&F ‘Frrde"‘BFFSF&E fﬁ’g een e?%@éﬂ%ﬁ&“@ uﬁ’éher}g%élte

steel or other Hh?a% i c conponents 5 surround| ng the
tensile mmermﬁéégrg@gféggﬁgﬁédt%ﬂ xetsﬁsureteprot ection agai nst corrosion. The
pl asti c conponent may conprise a corrugated plastic duct surrounding the

tensile nenber. Special Features of Conbined Soil Nail Means and G ound
Anchors a Mearis tHetehsitel metnbey ibmede af stoéllor odier wm@dableanﬂeaﬂgpbmwwwe

nmeans in a single bore may keqwre certain particular nodifications. It is

required t Aat SHFOHNEIRE ﬂ!ﬁ)‘i"'FS‘ APGMBRINAY baRsaviRd 19,85HTE PINTEHIOD AFA T AREsion.
shoul'd be 15 .gol pqaﬂxc c%n'}p%‘ﬁex{t%yséo%ns%%%ﬂéat&&ﬁla&f@dﬂw surrounding the tensile

member.

Special Features of Combined Soil Nail Means and Ground Anchorage Means

10
Including both a soil nail means and a ground anchorage means in a single bore may

require certain particular modifications.

It is required that both the soil nail means and the ground anchorage means should be

15  bonded to the resistant zone of the ground.

The bond length of the soil nail may be located in the bore grout in staggered and
spaced relationship with the bond length or bond lengths of ground anchorage means

present in the bore. This is to avoid the application of high Jocal bond stress.

20
The free length of the ground anchorage means may extend over the bond length of the

soil nail means in just the active zone or over the full bond length of the soil nail.

Preferably, the bond length of the ground anchorage means is located in the bore at a

25  depth greater than the bond length of the soil nail means.

Where a plurality of unit ground anchorages are present, the first unit anchorage may be
fixed to the ground alongside or beyond the bond length of the scil nail, the second unit
anchorage may be bonded to the ground beyond the bond length of the soil nail and the



'The bond length of the soil nail may be located in the bore grout in
staggered and spaced relationship with the bond | ength or bond | engths of
ground anchorage neans present in the bore. This is to avoid the
application of high I ocal bond stress. 20 The free I ength of .t he ground
anchorage neans may extend over the bond | ength of the soi | 1/5ahA ans in
just the active zone or over the full bond 4 e;ggth of the soil nail.
Preferably, the bond I ength of the ground anchorage nmeans is |located in the
bore at a 25 depth greater than the bond I ength of the soil nail neans,
Where a plurality of unit ground anchorages are present, the first unit
anchorage may be fixed to the ground al ongsi de or, beyond the bond, |.ength
of the soil naﬁﬂs;unihsmé:etﬁ@n@ndumqmlrén@n@a@%agwnéédbmgaéaow heyendthgund
beyond the bond | epgt.h of the soil nail and the 1 0 MAY 2004 - 10 first

uni t anchorage‘eﬁ‘i’mp banohet 87480 90 anchor age bonded to the ground beyond the
second unit anchor and so on. As discussed above, the ground anchorage
means will include an anchor head at the 5 open end of the bore. A facing
structure may RedRaavedssbveghe pssuridmchcage mbartshweiligndudelan fmhor bead atithey t he
ground. The anchor head serves to transfer the conpressive |oad from the
ground anclsor agentend ofigie hare Adeting syvetute maxkbe provided agaipet the &ﬁ%l%mmd

outside of the active zone. However, it has been_fo

head nmay be offoEF&#PHEIB ‘-é? g@mgnﬁﬁgﬁﬂfb%é"&éﬂa%‘?%z?E&"#g'dﬁhﬁr&?}e”ﬁ%?a@w ﬁﬁ‘om
systenms that eppl r he slope #ate dnthé Betside s th
that the acti V@Pgﬁ%ggoaﬁag@g%%{@?ﬁgfa}%ﬁéﬁ@%%eﬁ%s;ggﬁor head is ©
retained by bojdivt Beneli MewtvepoinHadigeenifobitthanthe anctior heabmay be of smallersizes  of

the active zone and by the pre-stressed,ground nchorﬁ%e r et ai ni nﬁgt he
active ground andrstiffngss comparescie these ysed PRBEEHEBE thah SOPIOYETPEHS MBI 8fber of

the sotl n]%i | aqgriicr.] STThis Esefu%sto §% fict that the active zone of ground in the region of the anchor
head is retained by both the direct bonding of the s0il nail means into the mass of the
active zone and by the pre-stressed ground anchorage retaining the active ground zone
at the face. It is preferred that the tensile member of the soil nail means extends to a

region adjacent to the anchor head.

15
General Features
The bore extends into the ground behind the slope in the normal manner, preferably at
an angle below the horizontal.

20

In the method of the invention, grout may be fed into the bore before, after or even

during insertion of the ground anchorage means and said nail means into the bore.

The slope stabilising means of the present invention may be applied to vertical faces, to
25  steep faces or for the improved stabilisation of relativety shallow slopes where the

application of pre-stressed, reduced or constricted movement is also beneficial.

The present invention will now be described by way of example only with reference to

the accompanying drawings, in which:



‘region adjacent to the anchor head. 15 General Features The bore extends
into the ground behind the slope in the normal manner, preferably at an
angl e bel ow the horizontal. 20 In the nethod of the invention, grout nay be
fed into the bore before, after or even during insertion of the ground
anchorage neans and said nail nmeans into the bore. The sloppggmggmL|5|ng
means of the present invention may be appliedia vertical faces

steep faces or for the inproved stabilisation of relatively shall ow sl opes
where the application of pre-stressed, reduced or constricted novenent is
al so beneficial. The present invention will now be described by way of
exanple only with reference to the acconpanying drawi ngs, in which: 0 MAY
2004 11 Brief Description of the Drawings Figure 1 is a schematic viewin
a vertical plane of a slope stablljsed using slope 5 stabilising neans
according to tBreef{iDescHp LTYMINEE| qure 2 is a schematic view in the
direction of arrow Il in Flgure 1 of the stabilised ground. 10 Figure 3 is
‘a section along line I'lIl-11l in Figure 1. In Figure 1, a cut face or slope
(1) of an areg..of of QUNALrSaticibe i®heiicabgidne a'fuasldpﬁsttﬁdhsddmsmgchlmpedes t he
unstable or a t VE zone ?&f fromthe stable or resistant zone ground (3).

15 There are shaymsihdhrendacetdiigas thepres¢B)ineantion.6) each extending fromthe
cut face (1) t hrough the active zone (2) to the resistance zone (3).

Figure 2 is a schematic view in the direction of arrow 11 in Figure 1 of the stabilised

ground.
10  Figure 3 is a section along line INI-1IT in Figure 1.

In Figure 1, a cut face or slope (1) of an area of ground is 10 be stabilised. The dotted

jine divides the unstable or active zone (2) from the stable or resistant zone ground (3).

15  There are shown three boreholes (4), (5) and (6) each extending from the cut face (1),

through the active zone (2) to the resistance zone (3).

Each borehole (4), (5) and (6) comprises ground anchorage means. Borehole (4) and
(6) each include a single ground anchorage (7) and (8) respectively. Borehole (5)

20  comprises two separate unit anchorages (9) and (10) received in the same borehole.
Each unit anchor (7), (8), (9) and (10) includes a bond length (1 1), (12), (13) and (14)
bonded to the grout in the area of the resistant zone (3). In borehole (5), the bond
lengths (12) and (13) are located in staggered, spaced relationship to prevent any part of

the bore grout being subjected to excessive load.
25
Each unit anchorage (7), (8), (9) and (10) comprises a free length which forms
substantially no bond to the bore grout. This may be achieved by means (not shown)
such as grease or sheathing or both. Once a bond has been formed between the ground
anchorage (7), (8), (9) and (1 0) and the bore grout, the tendon is put into tension by

3.0 jack means (not shown) and locked against an anchor head (15), (16) and (17)



'Each borehole (4), (5) and (6) conprises ground anchorage neans. Borehol e
(4) and (6) each include a single ground anchorage (7) and (8)
respectively. Borehole (5) 20 conprises two separate unit anchgr ?s (9)
and (10) received in the sane borehole. Each unit anchor (7), &@?,M(Q) and
(10) includes a bond length (11), (12), (13) and (14) bonded to the grout
in the area of the resistant zone (3). In hogghale (5), the bond I|engths
(12) and (13) are located in staggered, spaced relationship to prevent any
part of the bore grout being subjected to excessive |oad. 25 Each unit
anchorage (7), (8), (9) and (10) conprises a free |length which forns
substantially no bond to the bore grout. This nay be achi eved by neans (not
shown) such aspedtane by grebmdidthogge (5)dtetunit@nchora(end (he)arp seprratelyned
bet ween the ground anchorage (7), (8), (9) . and (10) and the,bgre grout,
the tendon i sspessed andalq;hﬁisoﬁmgwst:@mfi@rch&a DI @IBANNSH ghﬁ’e%‘cked

agai nst an anchor head (15), (16) and (17) 1 0O MAY 1004 - 12 respectively.
I n ground anchorage (5), the unit anchors (9) and (10) are separately

t d d Kk ' nal in th
oh “Bach bor cfarhspiiole B 153 () B coRpAsksta’shl nall 118, ()40 ‘g‘”l’g?"," (19)
and (20) 55resasehived).Yin dddh @ase1thRasH nall kemprises anedisile cmirer bos ed ovensi | e

menber bonded over substantially its whole length to tU@ bor.e l_grout. In
each case, t heuliseaiallg itsovitade lengitttewbrsbare Zeuih1n #reh sase; the 1epsile HEMPSTH o ¢ he

resistant zone (3). .In borehole (4), th ond .l th the unit anchorage
(7) overl aps ENENBHRACUESIGE ACLYE i% @%@%g&elreﬂ%tﬁ}glfggﬁ). However, in
boreholes (5) and (6), the bond lengths in the resistant zone of the

tensile nenbers (19) and (20) respectively are located in sta%gered space

rel ationship w bbrehBR (AR bemblehgthaf thénmnir @sherage (B aveilapsthe hond length of
13 d (14). - i
(13) an 50 : the soil nail (18). However, in boreholes (5) and (6), the bond lengths in the resistant

sone of the tensile members (19) and (20) respectively are located in staggered space

relationship with the bond lengths of the respective unit anchors (12), (13) and (14).

A facing structure 24 is shown. The anchor heads 15, 16 and 17 transfer load through

15  the facing structure 24 to the active zone of ground 2.

Figure 2 shows a schematic view in the direction of arrow II of the cut face (1) showing
a grid pattern of anchor heads including anchor heads (15), (16) and (17). The array is

similar to the array typically used for ground anchorages and/or soil nails in a manner

20 known in the art.

Figure 3 is a schematic cross section along line II/IIT of borehole (4). The section is
jocated in the active zone (2). Inside the bore (4) there can be seen the bore grout (21),

the tensile member (18) of the soil nail means and the tendon (7) of the ground

25  anchorage means.

The tensile member (18) of the soil nail means is bonded to the bore grout (21) in this

aone.,



‘A facing structure 24 is shown. The anchor heads 15, 16 and 17 transfer

| oad through 15 the facing structure 24 to the active zone of ground 2.
Figure 2 shows a schematic viewin the direction of arrow Il of the cut
face (1) showing a grid pattern of anchor heads including anchor beads
(15), (16) and (17). The array is similar to the array typi @¥AYgused for
ground anchorages and/or soil nails in a manmer- 20 known in the art.
Figure 3 is a schematic cross section along line I11/111 of borehole (4).
The section is located in the active zone (2). Inside the bore (4) there
can be seen the bore grout (21), the tensile nenber (18) of the.soil nai
nmeans and the tendon (7) of the ground 25 anchorage_ ne

c s. ,JThe tensjl
menber (18) oOfphd 2ad6®(7) ofahd groemhancherago i BeWevsT.Tioh b tgthg bore 5&‘3"‘@% hi s
one. 1 0 MAY 2004 - 13 The tendon (7) of .the ground j
flowever, not Joishedthed in h@waé(%?r?&%é”%’%)aﬁﬁesf@ &%We@?ﬁ%gﬁﬁgﬂadnﬁg}g%l??rgl
(22) to prevent adhszgon bet mef&ntrgs‘?stﬁ!fthqegﬁﬁs (JQTC?&g,ép@c&a;@mdqﬂmtdﬁEﬂ).

Finally, cor rerevole 1 el TR IOR IS orm o corrugat ed pl (6‘73][(;)'5%!1 duct
surrounds both the i TR Embdrd) 8Péf thioibeiil mearislandebetendond e

t m : \ .
tendon (7) ofsuﬁ‘i’émdéggtrio%ﬁﬁ%nchor a%ig(, {)o prevent corrosion. The invention
has been Qesc 'Qﬁ&iaﬁg@y@epwpmyembommpl e only and nodifications can be
made withi'n the 1 nvention. The invention also consists in any individual
features described or inplicit herein or shown or inplicit in the draw ngs

or in any conbination 1 f such.. r.ahd i eRifRbt e uch
featuresyor C'Bh‘bmﬂ’ﬁﬁl%gas%eﬁ" WHE%MV%}X%aMX%BE chty &R mRBifRbiAICan

be made within the invention. The invention also consists in any individual features

described or implicit herein or shown or implicit in the drawings or in any combination

10  of such fearures or any generalisation of any such features or combination.



‘CLAIMS: 1. Slope stabilising means conprising a bore in the ground
containing bore grout and: (i) at |east one ground anchorage neans,
conprising a tendon (7-10) having a bond I ength which is bonded al ong the
bond I ength within the bore grout and a free | ength arrandddM&olifihat t here
is substantially no adhesi on between the free I ength and the bore grout;
and {ii) at least one soil nail neans (18-20) conprising a tensile nenber
bonded to the bore grout along substantially the whole | ength of the
tensile menber. 2. Slope stabilising neans -aéddording to claim1, conprising
a plurality of unit anchorages received in the bore, the bond | engths of
tendons of respective unit anchorages being anchored in the bore grout in

st aggered and ﬁ% rel ati onship along the bore. 3. Slope stabilising
means accordiﬁgﬂéo cllaim| and 2, wherein at |east one tendon of the

ground anchorage neans or the tensile nenber of the soil nail neans or

both conprises synthetic polyneric material. 4. Slope stabilising means
according to any pr¥cpitshylishameanswrmpiinng horeriadhe grewyt sRAITHNINEAROTE EHHN
or tendons of the ground anchorage neans are suitably treated to ensure
that there is Iitti@dr no adhesi on between the free | ength and the bore
grout. ‘5. Sl ope stabilising nmeans according to any preceding claim wherein
the bond I|ength of the tendon or tendons of the ground anchorage neans are

deformed on the Ot&er sa%lfefaf?tco%e léi‘dd.ntdqingh&rgfe HEQNL comipristhg a tnBorMY1 @Mading a
bond length which is bonded along the bond length within the bore grout
and a free length arranged so that there 15 substantially no adhesion

between the free length and the bore grout; and

(ii)  at least one soil nail means (18-20) comprising a tensile member bonded to

the bore grout along substantially the whole length of the tensile member.

2. Siope stabilising means according to claim 1, comprising 2 plurality of umit
anchorages received in the bore, the bond lengths of tendons of respective umit
anchorages being anchored in the bore grout in staggered and spaced

relationship along the bore.

3 Slope stabilising means according to claim 1 and 2, wherein at least one tendon

of the ground anchorage means or the tensile member of the soil nail means or

both comprises synthetic polymeric material.

4. Siope stabilising means according to any preceding claim, wherein the free
lengths of the tendon or tendons of the ground anchorage means are suitably

treated 10 ensure that there is little or no adhesion berween the free length and

the bore grout.

5. Slope stabilising means according to any preceding clzim, wherein the bond

Jength of the tendon or tendons of the ground anchorage means are deformed on

the outer surface within the grout.



‘6. Slope stabilising neans according to any preceding claim wherein the
tensile nmenber of the soil nail nmeans is deforned on its surface. 7. Sl ope
stabilising neans according to any preceding claim further conprising an
anchor head (15-17) at the open end of the bore, the tensil Wﬁ@g of the
soil nail neans extending to a regiortfadjacent to the anchgp @h 8. A
nmet hod of stabilising a slope, conprising formng a bore in the ground and
placing in the bore: (i) at |east one ground anchorage neans conprising a
tendon (7-10) having a bond length and a free length, and (ii) at |east
one soil nail neans (18-20) conprising a tensile nenber. grout being fed

I nto t bOfgﬁg@%ﬁ%gggeamaecdr@aggwmgf prieb&ii e, Whereinhtbe gmsibed

anchor age ng bon to the grout,” the free length at the tendon

bei ng arrangggmbe dayue ssuhst aruhelsdyfonneddhésisoriateo the resul ting grout
wi thin the bore, and whereby the tensile nmenber of the soil nail neans is
bonded to the bore grout along substantially the whole |ength of the

tensil e nenber; an anchor head 5-17) being,.fitgt 4 an of the
gr ound 7ancho¥lapesiabibiaig; Meind 3F‘T‘P(e' PR BEFE 813%gdﬂ]wi h;&%&{ﬁg% pe% to the
anchor head'anchor head (15-17) at the open end of the bore, the tensile member of the soil nail
means extending 10 a region adjacent to the anchor head.
8. A method of sizbilising a slope, comprising forming a bore in the ground and

placing in the bore:

) at least one ground anchorage means comprising a tendon (7-10) having a

bond length and a free length, and

(i)  at least one soil nail means (18-20) comprising a tensile member.

grout being fed into the bore whereby the bond length of the tendon of
the ground anchorage means is bonded 1o the grout, the free length at the
tendon being arranged to have substantially no adhesion to the resulting
grout within the bore, and whereby the tensile member of the soil nail

means is bonded 1o the bore grout along substantially the whole length of

the tensile member,

an anchor head (15-17) being fitted onto the tendon of the ground anchorage
means; and |

the tendon being Jocked with respect to the anchor head.



