ROCK BOLT SY E AND METHOD OF ROCK BCOLTING This invention relates to
a rock bol ting sy -~ The invention is also concerned @Li @/mﬂph@d of
rock bol ting..-Thefe a large number of rock bolt " devices-
comercially availl a Ie for installation within boreholes drilled into rock.
-These have a varlet of general and .specigl_uses as rock reinforcenment in

‘both civil and n1n| engi neeti ng. One partlcular class of these
devi‘ces i s known "as Fr|ct|on Rock Stabllsers These devices are usually
conpressed or expa ] t e b ) q k achi eve their
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Application neL1&42§68 and essentially conprises an el ongated tube which
has an axi a] depression and an internal pressure fluid receiving chanber

which is

There is a large number of rock bolt devices
commercially available for installation within boreholes
drilled into rock. These have a variety of general and
special uses as rock reinforcement in both civil and
mining engineering. One particular class of these
devices is known as "Friction Rock Stablisers”. These
devices are usually compressed or expanded to fit the
borehole and consequently achieve their reinforcing
ability by virtue of friction (and to some extent
mechanical interlock) at the iﬁterface between their
outer surface and the borehole wall. These devices
include the "Swellex", the "Split Set”, the "Pipe Bolt"
‘and the "Rock Nail".

"Swellex" bolts were introduced inte Australia in
approximately 1984. The bolt is described in Australian
Patent Application no. 545968 and essentially comprises
an elongated tube which has an axial depression and an
internal pressure fluid receiving chamber which is
closed at both ends but has a fluid inlet at one end
thereof. The bolt may also comp;ise a fixed sleeve on
one end of the tube which is the outer end of the tube}
the sleeve ‘and tube having a hole there through to
communicate with the internal chamber of the tubé so
that the hole forms the fluid inlet. When the device is .
installed in an oversize bore hole and fluid is injected
through the inlet the inflation pressure causes both the
steel tube and to a lesser extent, the rock to expand.
When the pressure is released, the rock relaxes and an

interface pressure is established between the steel tube



cl osed at both ends but has a fluid inlet at one end thereof. The bolt may
al so conprise a fixed sleeve on one end of the tube which is the outer end
of the tube, the sleeve and tube having a hole -there through to
cofmuni cate with the internal chamber of the tube so that the hole forns
the fluid inlet. Wen the device isinstalled in an oversize bore hole and
flui'd-is injected through the inlet the iflation pressure causes both the

st eel tube a@%d¢kﬁb'9§éﬁrsﬁﬁf339 thﬁeé?&ﬁaﬁ@ee%83$%]ﬂN3H£tf@ Phgsayre is
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caused by frlmibeorammd:hmd‘wglcaioréﬁ@lé ogdkl bet ween the steel tube and the
rough borehole wall. A consistent and quality assured installation is the
primary requirenment for all rock reinforcenent systens. This prerequisite
i s assured fdy crasishentexangol quaiity assuxpdt insteddatiiom isndthe
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hi gh This prerequisite is assured for the "Swellex" bolt by
an elegant insertion and inflation procedure.
Furthermore, this simple procedure does not require high
_operator expertise. However, the mechanical properties
of the installed "Swellex" can be improved to address
the fundamental modes of action required of rock
reinforcing systems. That is, modification to the axial
and shear strengths and stiffnesses.

Another form of stabilising device is the "Split Set"”
bolt. The "Split Set" bolt has been used in Australia
-since the 1970's. The Split Set bolt comprises a split
tube formed from a hot-rolled steel sheet of a certain
thickness which is formed in a tube 1rolling mill.
Instead of closing the tube a longitudinal slot is left
- open. The split tube is cut to 1length, one end is
tapered and a formed ring is welded to the opposite end.
.The tapered end allows forced insertion into an
undersized borehole. The ring is intended to support a
face plate at the borehole collar. In wvse, the "Split
Set” bolt is driven into the bore lio]e, compressing the
split tube and causing an interfacial pressure betweeﬁ
the bolt and the rock. Resistance. to pull out is due
mainly to friction.

The ideal rock reinforcement device is one in which the
design capacity is achieved at an appropriate stiffness
without rupture of the element, irresbective of
displacement. To achieve this, slip must occur between
one or more of the constituent interfaces between the
device and the host rock. That is, an ideal bolt may be



operat or expertise. However, the nechani cal properties of the installed
"Swel | ex" can be inproved to address the fundanmental nodes of action
required of rock reinforcing systems. That is, nodification to the axial
and shear strengths and stiffnesses. Another form of stabilising device is
the "Split Set" bolt. The "Split Set" bolf has been used in Australia since
the 1970's. The Split Set bolt,conprises a split tube formed froma
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el enent, | IS8 O@na’e abhoring capacity is usually .significantly
less than its axial strength. To increase anchoring

capacity a smaller bore hole may be used. However, this
makes installation difficult if not impossible.

The "Swellex" bolt has the potential to achieve the

stated aims of an ideal device. This could be achieved
by reducing the installation pressure. However,
reduction of installation pressure results in

unpredictable performance. Thus, the great advantage of
a consistent high quality installation is lost.

DISCLOSURE OF THE INVENTION

The prime objective of the present invention is to
provide a rock bolt system and a method for installing
.rock bolts which overcome, or at least mitigate, some of
the problems with the previously described rock bolts.

Accdrdingly, in one aspect, there is provided a rock
bolt system comprising an inner part disposed within ah
outer part, said inner - part comprising a fluid
expansible elongated tube having an internal closed
ended fluid receiving chamber having a fluid inlet, said
outer part comprising an elongated - tube having a
longitudinal slot, said slot extending at least part way
along the length of said tube of said-outer part.

In a second aspect, the present invention provides a

rock bolt system comprising an inner part disposed



di spl acenent. To achieve this, slip nmust occur between one or nore of the
constituent interfaces between the device and the host rock. That is, an

i deal bolt may be -3- loaded to a design load prior, to slip and that a
substantial proportion of this load is maintained during subsequent
slippage. The "Split Set" bolt descgribed, above goes sone way towards this
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longitudinal slot, said slot extending at least part way
along the length of said tube of said outer part.

In a further aspect, the present invention provides a
method for rock bolting said method comprising providing
a rock bolt system within a borehole, said rock bolt
system comprising an inner part disposed within an outer
part, said inner part comprising a fluid expansible
elongated tube having an internal closed ended £luid
receiving chamber having a fluid inlet, said outer part
comprising an elongated tube having a longitudinal slot,
said slot extending at least part way along the length
of said tube of said outer part, supplying fluid under
pressure to said fluid receiving chamber through said
fluid inlet to expand said expansible fube and expand
said slotted tube in said borehole.

_.The inner part may be an Atlas Copco standard "Swellex"
bolt.

Preferably, although not necessarily, Aafter expansion
the aperture in the outer tube is diametrically opposite-

-~

to the depression in the inner tube.

This invention relates to a new and additional device
which, at first glance would appear to comprise simply
coupling the "Swellex" with the "Split Set". Although
these two devices are pafticularly relevant to this
invention' the fundamental mechanics of installation and

operation of the present invention are markedly



DI SCLOSURE OF THE | NVENTI ON The prine objective of the present invention is
to provide a rock bolt systemand a nethod for installing rock bolts which
overconme, or-at least mtigate, sone of the problens with the previously
described rock bolts. Accordingly, in one aspect, there i$ provided a rock
bolt system conprising an inner part disposed within an outer part, sai d
i nner part conprising a fluid expansible elongated tube having an
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outer par onpri gin an . elo ed, . tube _having a longitudinal slot,
sai d sl ot exP%n g §ﬁ%k&iﬁ ;%W¥qaﬁy AR - Tength of said tube of said
outer part. In a second aspect, the present invention provides a rock bolt
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of its ends 3apdthaviatdch fiNtd BWYr@holes and two are concerned with
its operation as a reinforcement system. In terms of
installation the invention maintains the advantages of
the original "Swellex":

- ease of insertion in the boréhole, combined
with

- quality assured installation.
In terms of operation it prowvides:

- flexibility of design Eonfiguration, together
with
- optimum use of material properties as
reinforcement. |
The aim of the present invention is to -provide_ a*.
reinforcement assembly which may be arranged to supply
~the required axial and shear capacities and stiffnesses
to suit different modes of operation demanded of
reinforcement systems. For example this may be achieved

by varying :

- the . outer tube geometry (i.e. profile, length]

-

diameter, thickness, slot length) _

- the outer tube properties (i.e. material fype,
constitutive behaviour, coefficient of friction)

- the inflation agent and procedure (pressure, fluid
type and methdd)

- the interface between the inner and outer
components (lubricated or rough interface may be

arranged). -



communi cating with said fluid receiving chanber, said outer part conprising
an el ongated tube having a longitudinal slot, said slot extending at |east
part way alomg the length of said tube of sai d outer -part. In a further
aspect, the present invention provides a nethod for rock bolting said

met hod conprising providing a rock boltt gystemw thin a borehole, said rock
bolt system conprising an inner part disposed within an outer part, said
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through said fluid inlet to expand said expansi ble tube and expand said

slotted tube in said borehole. The inner part may be an Atlas Copco
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addi ti onal de¥soe compatible with current drilling and installation
machinery. This is currently limited to devices to suit
approximately 38mm to 40mm and approximately 44mm to
46mm diameter boreholes and in lenghths ranging from
approximately 1lm to 4m. Clearly, the rock bolt system
of the invention is not limited by size and is equally
applicable in larger or smaller diameters and lengths.

In order that the invention may be more fully understood
we provide the following non-limiting examples.

Brief Description of the Drawings

Figure 1 shows a cross-sectional view of a rock bolt

system in accordance to the invention prior to expansion;

“Figure 2 shows a cross-sectional view of a rock bolt

system in accordance with the invention after expansion;-
Figure 3 is a graph showing axial test results; and

Figure 4 is a graph showing shear test results. -
._i‘

The most basic form of the invention is shown in Figure

1. The rock bolt system comprises an inner tube 1

(which may be a "Swellex" bolt P.A. No. 545968).

The invention will now be described in reference to the

use of a "Swellex" bolt as the inner tube 1, howevér the



which, at first glance woul d appear to conprise sinply coupling the

"Swel l.ex" with the "Split Set". Al't hough these two devices are
particularly.relevant to this invention the f undament al _mechani cs of
i nstallati on and operation of the present . invention are markedly

-5- different fromthat of either individyal or coupled use of the
"Swel Fex" and the "Split Set"..The rock bolt system of the present

i nvention hasiheehtPehnGiPahotatid | BUl Geen ad"d jrifted COPCAHLA Wi Lfy its
installation L to go %holes and two are concerned wth its operation as a
rei nf or cenent €§§t ﬁi “In terns of installation the invention maintains
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ube 10 which has a longitudinal slot 12. It will be
seen from the drawing that the axial depression 2 of the
"Swellex" bolt is located diametrically opposite the
aperture 12 of the outer tube. The first tube
("Swellex" bolt) - second tube combination is located
within borehole 20 of rock 25. The outer tube may be
tapered at one end to facilitate insertion into the
borehole. Expansion is achieved by supplying high
pressure liquid to the inner "Swellex" bolt. - In the
process of expansion the inner "Swellex" bolt eventually
comes into contact with the outer split tube effecting
expansion of the outer split tube against the walls of
the borehole.

Figure 2 shows the bolting system of the invention after
expansion of the inner "Swellex" bolt 30.

Whilst the outer tube adds to the apparent stiffness of
the bolt, it should be noted that the axial stiffness is
also affected by the rate of load transfer from the rock
.to the outer tube and from this tube to the inner
"Swellex" bolt.

‘A laboratory testing program has been undertaken to
quantify some of the differences in response between the
standard "Swellex" bolt and two variants of the Jpolt
according to the invention.

Reinforcing devices are designed to reinforce
discontinuties such as pre-existing joints or
propagating cracks. They attempt to control the opening
and shearing displacements that can occur at these

discontinuities. The laboratory tests were designed to



optimum use of materi al properties as reinforcenent. The ai m of
the present invention is to provide a reinforcenent assenbly which nmay be
arranged to supply the required axial and shear capacitjes and stiffnesses
to suit different nodes of operation demanded of réinforcenent
systens. For exanple this may be'achieypqaby varying the outer tube
geomretry (i.e. profile, length, dianeter, thickness, slot length) -

the outer lSR@RaPCidicte ot asBBLEL be té@:?nf&?@éﬁéﬁgtif@a%ﬁb viour,
coefficient of friction) - the 1hflation agent and procedure (pressure,
fluid type afdafonidduity  ppeningierf@te Oe@mmdde tAeadipgner angd
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~Simlarly the longevity and corrosivity and suitability to different
envi ronments may be arranged by judicious
The standard "Swellex" bolt manufactured to .suit 38mm to

40mm diameter boreholes was chosen for testing.
Preferred bolt variants according to the invention
comprise an inner standard "Swellex" bolt with an outer
split tube sleeve. In the first wvariant of the
invention, the outer sleeve comprised a 31.8mm diameter,
1.6mm wall thickness steel tube. In the second variant,
the outer sleeve comprised a 35.0mm diameter, 3.2mm wall
thickness steel tube. |

Testing Arrangements

In all cases the specimens were installed within 40mm
internal diameter, 17.5mm thick walled steel containment
tubes. These very thick and rigid containment tubes
were designed to duplicate the radial confinement
supplied by an average rock. The containment tubes are
made up of two tube lengths butted together. The
reinforcement device is inserted into the tube to span
this butt joint and then inflated. nce inflated the
butt joint is used to simulate a discontinuity by
forcing 'the specimen to extend or shear at this
interface. This arrangement of the specimen containment
tubes was compatible with both the axial and the shear

-~

testing facilities.

\{'
Discontinuity opening or tensile loading was simulated
by securing the two containment tubes and pulling them
apart, thereby inducing tension in the reinforcing
device at the test interface. The containment tubes were
secured by a universal testing machine approximately

500mm either side of the test interface. The wvariables



choice of insertion fluid agents and constituent conponent material
types and coatings. The invention is preferably used in.the sanme nom nal
sizes as the " Swellex" and the "Split Set" bolts and i.s.also conpatible
with current drilling and installation machinery. This is currently limted
to dévices to suit approximately 38nm to 40mm and approxi mately 44mmto
46mm di anet er borehol es and in. |l enghths ranging fromapproximtely Imto
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and is equal Ly appl.igable in |arger or snaller djameters and | engths.
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shows a crosgiseeinali &4 %&éﬁgﬁg&g gﬁlggr%%ta%mg‘ WO ARDESL LS LDe

i nvention priqgr to expansion; ] OWs a cross-sectional view of a
rock bolt syS@RIng a&bsr dbfet \FreFinen | dventi othedx erfasigdity on; Theure 3

i's a graph siFawingtaxipd pEséedegithsn aNtnive=214 s mEAR he gt 88
shear test results. The st hasic_formof the invention is_shown in Figure

1. The rolHRIAe%y8 SASARINT sE8FCqn athnthet isst IOkeER2REy beThe
Swel | ex" boltradsterde mdd@fERt of one containment tube relative to-

the othér side of the test interface causes shearing of
the specimens. The variables measured included the
shear load supplied by the machine and the shear
displacement at the test interface.

Results and Comparison

A set of axial tension test was performed to determine
whether the behaviour of staﬁdard "Swellex" Dbolts
installed in thick walled steel containment tubes was
representative of their behaviour in rock. The embedment
length on one side of the test interface was held
constant at relatively 1long 1length (1.5m) and the
embedment length on the other side of the test interface
was varied. This arrangement allowed slippage from the

.short embedment length to be studied. The results
summarised in Table 1 are in agreement with the
performance expected of standard "Swellex" bolts
installed in hard rock. The strength increases as the

embedment length increases and failure is by slippage of
the "Swellex" bolts installed in hard rock. The
strength increases as the embedment length increase§‘and
failure is by slippage of the "Swellex" from within the
containment tube. Although failure at the longer
embedment lengths was by slippage, the yield strength of
the "Swellex" bolt material was exceeded.



The invention will now be described in reference to the use of a "Swell ex"

bolt as the inner tube 1, however the -7- invention is not to be seen as
limted to the use of this bolt. The "Swellex" bolt l.is |located within a
second outer tube 10 which has a | ongitudinal slot 12. It will be seen

fromthe drawi ng that the axial depressiqg 2 of the "Swellex" bolt is
| ocated diametrically opposite the aperture 12 of the outer tube.
The first tube ("Swellex" bolt) - second tube conbination is |ocated

wi thin borehole 20 r %k 25.

r tqgﬁ er, -one end
to facilitate inser |on iMto tsﬁm"l?r}%ehtﬁ Lavo J@;slllb%hé% Iegsc | eved by

supplying high pressure liquid to the I nner Smellex" bolt. In the
process of expansi @prgre i nner "Swel Ighgyiol t eventually,ggﬁgs'into cont act
with the outer split tube effecting expanS|on of t he outer it tube

agai nst the wal | s &fmbedmend; divl e.  Fifgthedmendhd®) t he bolk?
I nvention after
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1.5 0.50 80
1.5 0.75 100
1.5 1.00 110
1.5 1.25 120
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A series of tests was designed to compare the
performance of rock bolts according to the invention
with the standard "Swellex" in both axial tension and

shear. The results for axial tension

tests are

summarised in Figure 3 and the results obtained in the

shear tests are summarised in Figure 4.

These results demonstrate that:

axial 1load transfer decreases as the split tube

thickness increases

shear strength increases as the outer split tube

thickness increases.

These‘results show that the bolt of thé invention can be
arranged to achieve a range of axial load transfer and
shear strengths. This ability is consistent with the
requirements of a wvariety of reinforcement applicationg
for excavations in jointed rock. This range of
mechanical propertieé can be achieved whilst maintaining

a consistent and quality assured reinforcement
installation. '

In practice, reinforcement devices are subject to
combined -axial and shear loading caused by opening and
shear of the discontinuities which they reinforce. It
is therefore particularly important that bolts of the



expansi on of the inner "Swellex" bolt 30. Wilst the outer tube adds to the
apparent stiffness of the bolt, it should be noted that the axial stiffness
is also-affected by the rate of load transfer fromthe tock to the outer
tube and fromthis tube to the inner "Swellex" bolt. A laboratory testing
program has been undertaken to quantify ddne of the differences in response
bet ween the standard "Swel | ex" bolt and two variants of the bolt according
to the i nvenihyentRennf &eyeng a Mbe§hemest1@@gtghed=°mbti@edreﬁrﬁlorce
di scontinuti ggequatiCtesidtand¥ & ux31Ndoadi®glt s  Or propagating
cracks. They attenpt to control the opening and shearing displacenents that
can occur at these discontinuities. The | aboratory tests were designed to
-8- sinul at eTheespréhminpegt stests eildve cagedt boadimamscmw&mry
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.steel. This has dictated the range of sizes used for
the bolts. It will be appreciated however that the
size of the bolt will not be limited to these sizes and
the outer tube may be made from a range of materials
consistent with the requirements of the application.



40mm di ameter boreholes was chosen for testing. Preferred bolt
variants according to the invention conprise an inner standard "Swel |l ex"

bolt with an outer split tube sl eeve. In the first varia -of  the
i nvention, the outer sleeve conprised a 31.8nm di anet e

t.hi ckness steel tube. 1In the second variant, the g ' BS E6npr A\sed a
35.0m di aneter, 3.2mmwall thickness steel tube. : rts | n

~all cases the specinens were installed within 40 . ,
17.5mm thick wal |l ed steel containnent tubes. Thede=Xéry thick and rigid
cont ai nment tubes were designed to dupligate the radial confinenent
supplied by an average rock. The containnent tubes are nmade up of two
tube lengths butted together. The reinforcenent device is inserted -

into the tube THE YIAIMShDEFINNNG frEENENAREr IdAeARENRK aFSih.ows:Once i nfl at ed
the butt joint is used to sinulate a discontinuity by forcing the specinen
to extend or shear at this interface. This arrangenent of the specinen .
contai nment tubes wds C8fFatPBlle vinsteBot ROPREL &ldical arandnnRe shewk testing
facilities. Discontidispbyedpendithiinorant esstdre paad| NGawas [idad apesk

comprising a fluid expansible elongated tube

having an internal closed ended fluid receiving

chamber having a f£fluid inlet, said outer part

comprising an elongated tube having a longitudinal

slot, said slot extending at least part way along

the length of said tube of said outer part.

2. A rock bolt system comprisine an inner part
disposed within an outer part. said inner part
comprising an elongated tube having -an axial
depression and an internal pressure fluid
receiving chamber which is closed at both of its
ends and having a fluid inlet communicating wiih
said fluid receiving chamber, said outer part
comprising an elongated tube having a longitudinal
slot, said slot extending at least part way along
the length of said tube of said outer part,.

3. A rock bolt system as claimed in claim 2 wherein
said inner and outer parts are oriented such that
said axial depression is located substantially
diametrically opposite said longitndinal slot.

4. A method for rock bolting comprising providing a
rock bolt system within a borehole, said rock bolt
system comprising an inner part disposed within an
outer part, said inner part comprising a £fluid
expansible elongated tube having an internal
closed ended fluid receiving chamber having a
fluid 4nlet, said outer part: comprising an
elongated tube having a ionqitudinal slot, saaid
alot extending at least part way along the length

-

AR R - D m\\iﬁiﬁﬁﬁmﬁﬁ\\m




—
by securing the two containment tubes and pulling them apart.,  thereby
I nducing tension in the reinforcing device at the test interface. ~
cont ai nnent tubes  were secured by a universal testing nachin

500mm ei t her side of the test interface. The vari abl = A

i ncluded the | oad supplied by the machine and the a ﬁﬁ\gdi@’@\‘@c& t he
test interface. Discontinuity shearing or shear | oady} at ed by
placing the test specinmen in a shear facility. The A1ty is placed
within a universal test nachine which supplies a shearing force at the test,
I nterface. The transverse novenment of one containnent tube relative to

t he ot her side of the tést interface-cddses shearing of the specinens.

The vari abl es ugggd 4“%4 uﬁ?d?ax{' e85 eer(;lrptlno‘;;ld ,g ))lgg ?ﬁ(\%ge nmachi ne

and the shear di sp acerrent at Irnterface. t's an npari son A
set of axial ten5|‘b?|d“t‘esP"9\ﬁ%u‘§erF6rnﬁ)‘d(ofeﬂéf‘érrh"ﬁé‘b{hﬁ?hecr"amérbehaw our
of standard " Swel | tixtodsty tsaid fluid inlet to ‘expamnd =said expansible

tube in said borehole and therehy expand said
slotted tube in said borehole.

S. A method for rock bolting as c¢laimed in claim 4
wherein said inner part comptise- an elongated
tube having an axial depressien and an internal
pressure fluid receiving chambe: which is closed
at both of its ends and havina a fluid inlet
communicating with said chamber.

6. A method for rock bolting acecrdina t~ claim §
wvherein said axial depression develops outwardly.
wvhen fluid under pressure i=s supplied to said
fluid receiving chamber to thereby laterally
expand said expansible tube.

7. A method for rock bolting accordina te claim 5 or
claim 6 wherein said fluid is pressurised water.

8. A method for rock bolting accordina te claim 5 ov
claim 6 where said inner and ~uter parts are
oriented such that said axial clepression is
located substantially diametrically opposite said
longi tudinala slot.

I R

This Sheet Has Been RTlaced

R




installed in thick walled steel containnment tubes was representative of

t heir- behavi our in rock. The enbednent length on one side of the test
interface was held constant at relatively long length (1.5n and the
enbednent length on the other side of the test interface was varied. This
arrangenment allowed slippage fromthe short  enbednent length to be

st udi ed. The results summarised in Table 1 are in agreenent with the
performance  expected of - standar ABSTR&@T | ex"” bolts installed in

Fai lure i's by eRRoRRH sl SR Tl Qe RER B, | 1T PERE° TOCk

The strength increases as the enbednent | ength increases and failure is by

sl i ppage of tRe.. I ! i LB 8 sC i toabdb®1y Qi h
failure at %hgoéﬁgﬁg§?:e%%%gﬁéggghgﬁaghg 3giéky S iggage? gheﬁ%(a
strength of tWithinelahexouter : Patiter(il) wathexdadgad Part. ¢ompyiBee Rn

Summary of Lagpbabat¥dTenfh@N heAlny LAY axial depressidiPl{(2) and an
Peak internal pressure fluid receiving chamber (4) which is
closed at both of its ends. A fluid inlet communicates
with the fluid receiving chamber. The outer part (10)
comprises an elongated tube having a longitudinal slot
(12), which slot extends at 1least part way along the
length of the outer part tube. In use, the rock bolt
system is placed in an oversized borehole {20) and
pressurised fluid applied to the fluid receiving
chamber. This causes the device to expand laterally and

engage the walls of the borehole.

FIGURE 1



Enbednent (m Enbednent (m Load (kN) 1.5 ' 0.50
80 1.5 _ 0.75 100 1.5 1.00

110 1.5 a 1.25 120 A series of tests was
designed to conpare the perfornanﬂg of rock bolts according to the

i nvention with the standard "Swell ex™ in both axial tension and shear.

The results for axial tension tests .are summrised in Figure 3 and
the results obtained in the shear tests are summarised in Figure 4. These
results denonstrate that: axial |load transfer decreases as the split tube

t hi ckness increases shear strength increases as the outer split tube

t hi ckness increases. These results show that the bolt of the invention can
be arranged to achieve a range of axial |oad transfer and shear strengths.
This ability is consistent with the requirenents of a variety of

rei nforcenent application's for exgz i in jointed rock. Thi s
range of nmechani cal prOpertig; Z g&kheyed whil st naintaining a

.consi st ent and quali{i///.




installation. In practice, reinforcenent devices are subject to conbined
axi al - and shear | oadi ng caused by opening and shear of the discontinuities
whi ch they reinforce. It is therefore particularlynportant that bolts
of the i nventi on have a hi gh shear st{ength conbi ned with adequate
resistance to axial |oading. The prelin?ﬁary tests have used a standard
"Swel l ex" bolt for inflation and outer spljt tubes nade from steel. Thi s
has dictated the range of sizes used for the bolts. It will be

appreci ated however that the size of the bolt will not be limted to

these sizes and the outer tube may be magde froma range of material g
consistent with the requirenents of the hpplication. - 12 - THE}CLAI M5
DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: 1 A rock bolt system
conprising ‘an inner part
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di sposed mnthln an outer part, said inner part conprising a fluid
expansi bl e el ongat ed tube having an * internal closed ended fluid

recei ving chanber having a fluid inlet through which:the .expansi bl e tube
can be pressurised to pernmanently expand radially, said, outer part

conpri sing an -el ongated tube having a |ongitudinal slot, said slot
extendi ng at | east part way along the ﬂ}ngth of said tube of said outer
part.:-2. A rock bolt system conprising an inner part disposed
within an outer part, sai @ inner part conprising an elongated tube
havi ng an axi al depression andgan internal pressure fluid receiving chanber
which is closed at both of itsgpnds and having a fluid inlet comrunicating
with said fluid receiving chanber through which inlet the el ongated tube
can be pressurised to pernanently expand radially, said outer part -

m
conprising an elongated tube h&ing a | ongitudinal slot, said slot
extending at |east part way alamg the length of said tube of said outer
part. 3. A rock bolt systemYhs claimed in claim2 wherein said inner and
outer parts are oriented such that said axial depression is |ocated
substantial ly dlanetrlcally-oppm5|te sai d | ongi tudi nal slot.
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4. * A ifethod for—Tock botting conprising providing

wi.thin a : ock bol t system conprising [lagep
di Sposed V\/llmmllmlm"unm"junrt said inner part conpri gi ng

expansi bl e ¢l ohgated" t tbe*having an internal closed e qﬁﬂe
chanmber having a fluid inlet, said outer part conpris

havi ng a | ong
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itudinal slot, said slot extehding at |east part

| engt h - 13 of said_tub
f

pressure to said

e of said outer part, sugplxing fluid under
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ck bolt system

permanent|ly expand sai d expansi ble tube in said borehole and thereby expand

said slotted tfbe i n,said

A met hod for rock polting

orehagl.e. 5. as
claimed in clalin 4 WﬁeréPﬁQSaﬁgxﬁwuﬁyﬁﬁﬁq OB S %hin @ ondBReY t BBET
havi ng an axi afisepsedsi onitdnih anannt eowedr pr eastr,e fsaid rdagiagd ngpakanber
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which is clos
with said cha

internal closed ended fluid receiving chamber having a
“fluid inlet through which the expansible tube can be
pressurised to permanently expand radially, said, outer
part comprising an elongated tube having a longitudinal
slot, said slot extending at least part way along the
length of said tupe of said outer part.

2. A rock bolt system comprising an inner part
disposed within an outer part, said inner part
comprising an elongated tube having an axial depression
.and an internal pressure fluid receiving chamber which
is closed at both of its ends and having a fluid inlet
cemmunicating with said fluid receiving chamber through
which inlet the elongated tube can be pressurised to
permanently expand radially, said outer part comprising
an elongated tube having a longitudinal slot, said slot
extending at least part way along the length of said
tube of said outer part.

3. A rock bolt system as claimed in claim 2 wherein
said inner and outer parts are oriented such that said
axial depression is located substantially diamefrically
opposite said longitudinal slot. '

4. A method for rock bolting comprising providing a
rock bolt system within a borehole, 'séid rock bolt
system comprising an inner part disposed within an outer
part, said inner part comprising a fluid expansible
elongated tube having an internal closed ended fluid
receiving chamber having a fluid inlet, said outer part
comprising an elongated tube having a longitudinal slot,

-said slot extending at least part way along the length
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6." A method forrock bolting according to claim5 wherein said axial

(0o e AMHENRFMMITR: vercoy | oreral ™y chanssar |

A net hod®for rock belting according to claim5 or c

sé|H flui-d i

te claim5 or claim6 wherein said inner and outer parts
that sai'd axial depression is |ocated substantially dianetrically opposite

sai d longi tudinal slot.

.
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S pressurised water. 8. A nmet hod for rock

- 13 - ‘ .

of said tube of said outer part, supplying £fluid under
pressure to said fluid receiving chamber through said
fluid inlet to permanently expand said éﬁpansible tube
in said borehole and thereby expand said slotted tube in

said borehole.

5. A method for rock bolting as claimed in claim ¢

wherein 'said inner part comprises an elongated tube
having an axial depression and an internal ﬁressure
fluid receiving chamber which is closed at both of its
ends and having a fluid inlet communicating with said

chamber.

6. A method for rock bolting according to claim 5
wherein said axial depression develops outwardly when
fluid under pressure is supplied to said fluid receiving
chamber to thereby laterally expand said expansible tube.

7. A method for rock bolting according to claim 5 ox

claim 6 wherein said fluid is pressurised water.

8. A method for rock bolting according to claim 5 or

claim 6 wherein said inner and outer parts are oriented -

such that said axial depression is located substantially
diametrically opposite said longitudinal slot.
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