30 JAN 2007 METHOD OF APPLYI NG CHEM CAL ANCHORI NG ADHESI VE Fl ELD O jiiRR007

| NVENTI ON This invention is directed to an inproved nethod of applying a
chem cal anchoring adhesive into a borehole. The chem cal anchoring adhesive
is provided in the formof a highly viscous, self-contained rope or slug
having a first resin-containing part and a second curing agent-containing
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a slug of desired size before or after insertion into a borehole. The first

part and second part haveFIRBADIOF EHENINVENTEONI ch mix to vyield a third
col or when subjected to the turning force of a driving tool. BACKGROUND OF

THE |1 NVENTI ON Chepi: =hor: | ves.are known whj ch are conposed of
two or nore corrpell(r)ﬂr%‘gé?li ggﬁﬁé}? 1% e@ntgrcet%f'e{aggéetaﬁe}mgwe u?’@tl?lﬂdeﬁ?nﬁ'}?l’jﬁl.nglrzgs. Pat ent
5,730,557, , issued to Skupian et al., discloses a nortar m xture capsul e
unit f chemiraliagghoring edbesrenintofa korcheles The ¢hemeinel aschofing adhesivedshouses a
filler material, and a chem cal binder systemcontained in smaller capsul es
W t hin i i hebFalhi : tgd | | ; ol e, and
a dri viptrrl‘gﬁtd g‘glull ?ge usedb{ % ﬁl%@gﬁlsﬁghér\ééﬁg‘?{lﬂa&#ﬁg% ?Flto\?%\dg %lg‘c/)]?lgibaorrggs}rat S notion
to the anchor, which ruptures @ﬁjh t he housing  capsule and_ the snaller
capsul ESIBSANHINEE D AN # Second, SYTRE @ESNEpANABIRE PRFidisined plengero
interact and mx with the filler. The interaction and m xi ng causes reaction

and cuinteefadd. THeslbg drlezedtothe dkhth of te Borshole and hilghallY 19ReeHIRG thee anchor

Wi thin the
borehole. The rope is cut to yield a slug of desired size before or after insertion into

a borehole. The first part and second part have two different colors which mix to
yield a third color when subjected to the turning force of a driving tool.
BACKGROUND OF THE INVENTION

Chemical anchoring adhesives are known which are composed of two
or more components that react together and cure when mixed. U.S. Patent 5,730,557,
issued to Skupian et al., discloses a mortar mixture capsule unit for chemical
attachment of anchors in boreholes. The capsule houses a filler material, and a
chemical binder system contained in smaller capsules within the filler material. The
cartridge is inserted into a borehole, and a driving tool is used to insert an anchor.
The driving tool imparts motion to the anchor, which ruptures both the housing
capsule and the smaller capsules contained within it, causing the chemical binder
system to interact and mix with the filler. The interaction and mixing causes reaction
and curing of the binder system/filler mixture, thereby securing the anchor within the

borehole. A similar adhesive is sold by Hilti AG under the trade name “HVU”.



borehole. A sinmilar adhesive i's sol'd by Hilti AG under the trade name "HVU'.
| 30 JAN 2007 U.S. Patent 5,731,366, issued to Mbench et al., discl d&&sNa07
chem cal pluggi ng conmpound based on a free-radically polynerizable resin and
a free-radical initiator spatially separated therefrom The spati al
separation can be effected by encapsulating the initiator in glass, gelatin
or cellulose capsules. The plugging conpound is described as being
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anchoring adhesi ves and nethods have certain di sadvant ages.

di sadvant | hat . 0 [, both conmponents.are. fluid, an st be w apped,
encapsul ﬁ%gé C%F&’QW@ i’é‘g"e%%fr 83@&‘%”&%&’@@5@1'1&1?16Feftl% ana@%erm@,cali t is
often not easy to vary the amount of adhesive used in a borehole, or the
si ze of uhéiabhwuspatigllyagepatated dhrefont. The spatialsidparatiut cambeheffected by
oversi zed and undersized boreholes often receive the same anount of

predet er m ne.e- -ad |V, refol es of standard size. Another
di sadvan?gg@jﬁ%ﬂ. ‘Fa'?ﬂfp F@?g&gdﬂe@? géé rléf,n ? ?6:%/“8!’085 p(fqﬂsu#eftmﬁ’ﬁéﬁuﬁ%lpghol es
during use, particularly after the package is ruptured by the anchor being
driven. TRMPOyREHs dasqridedsisdeing sslf-seppartingendstmaposihtd.e is upsi de down
and vertical, but also exists when the borehole is horizontal, or at an
angl e between hor iAeRE ahd dieryRfhdat BRI UPRACKHNg FNRRIVIACH ! RBrRiesi ve
is not conpletely fluid, the shapes of the prior z§rt cartridges are

typically not self-retentive, i.e., the cartridges w./ll fall fromoverhead
bgfehol eﬁlgwe certain dlsaévantages. One disadvantage 1s tha(t:]one or both components are
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fluid, and must be wrapped, encapsulated or otherwise enclosed in a package prior to
use. Thus, it is often not easy to vary the amount of adhesive used in a borehole, or
the size of the housing capsule, while at the job site, Put another way, oversized and
undersized boreholes often receive the same amount of predetermined, pre-packaged
adhesive as boreholes of standard size.

Another disadvantage is that fluid adhesives may flow or spill from the
boreholes during use, particularly after the package is ruptured by the anchor being
driven. This problem is especially acute when the borehole is upside down and
vertical, but also exists when the borehole is horizontal, or at an angle between
horizontal and upside down vertical. Even when the adhesive is not completely fluid,
the shapes of the prior art cartridges are typically not self-retentive, i.e., the cartridges
will fall from overhead boreholes.

Another disadvantage is that the two components, binder and filler, must
be completely segregated prior to use, to prevent premature interaction and reaction.

The encapsulation techniques used to accomplish this require some precision and



Anot her di sadvantage is that the two conponents, binder and filler, fﬂJJSAthOP‘F
conpletely segregated prior to use, to prevent premature interaction and
reaction. The encapsul ation techni ques used to acconplish this require sone
precision and 2 30 JAN 2007 expense. Also, there is no assurance that the
smal | er capsul es used to contain the binder will remain evenly dispersed
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anchor. Cartridge adhesives are another type of prior art adhesive.
Car t r i Hywler atiblersinads everlyudieperaed smpagahe fikrtmtiMtthe hdhesiveicaphilarieous| y
injected into a borehole using a two-barrel caul king gun which brings the
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entering the borehofe sadvant ages ge adhesi ves hods

i ncl ude excessi ve packagi ng waste, excessive adhesive waste due to unm xed,
unusedaﬂﬁﬁgﬂlQfﬂﬁéﬁﬁhﬁing in the caulking barrels, and insufficient
viscosity, which permts the material to run out of vertical overhead

borehol es, and t Cag@figemdhedive Btcaindaniahph %?gg’%}”%e%eﬂ'@a ENTI ON The

present invention is directed to a nmethod of plying a chem cal “anchoring

adhesive to the interior of a borehole. The pethod ing¢ludes the steps of
pr ovi d‘i“ﬁ?‘fshveéhg}#‘éﬂ %‘XﬂcsﬁBflTaﬁ% p&Hﬁﬁe‘é’h’@ e sHBUKIGAUSEY anisetpdl intQi &cous,

sel f- contained slug whose length is selected based on the depth of the
bor ehoberehblesgsitig agwo-barrel caulking gun which brings the two parts together at the

point of injection, whereupon they react upon entering the borehole. Disadvantages
of cartridge adhesives and methods include excessive packaging waste, excessive
adhesive waste due to unmixed, unused material remaining in the caulking barrels,
and insufficient viscosity, which permits the material to run out of vertical overhead
boreholes, and to sag in horizontal boreholes.
SUMMARY OF THE INVENTION

The present invention is directed to a method of applying a chemical
anchoring adhesive to the interior of a borehole. The method includes the steps of
providing a chemical anchoring adhesive in the form of a highly viscous, self-
contained slug whose length is selected based on the depth of the borehole, inserting
the slug into the borehole, providing an anchor pin, and driving the anchor pin into the
borehole using a driving tool that imparts rotary motion to the pin. The adhesive slug
includes a first part having a first color, and a second part having a second color
different from the first. The first part includes a resin, and the second part includes

a curing agent. The rotational motion of the anchor pin mixes the first and second



the slug into the borehole, providing an anchor pin, and driving thg,3RchaH
pininto the borehole using a driving tool that inparts rotary notion to
the pin. The adhesive slug includes a first part having a first color, and
a second part having a second color different fromthe first. The first
part includes a resin, and the second part includes a curing agent. The

rotatiaq t.d of .t.he chor . pi m-xes .the.first and second, 3 30 JAN
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m Xture having a third color different fromthe first and second col ors. The

appear antberdofolohdiffaremtofromahe firsteamd sticend pekranThe appédrandé oEtheathirdsecond
colors, indicates that the mxing is conplete. The adhesive conposition may
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after a roqe end is inserted into a borehole. The weight ratio of the first
and seCORWP!P8rts is substantially consistent along the entire I ength of the
slug, to ensure formation of a substantially honbgeneous cured conposition

upon m xing.  Thuphe ddhgsiaél BERbYEHER TRYVelirOfuded illi’ﬂiehli"on%edffaf ﬁﬁ@?&ﬂcﬂg. and
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self-retaining due to its shape, viscCosity and a honogeneity. Wth the
pr ovi d&24 Bt ot P A TR Wnath Pt GRS ea 48R Gednigiehotea whi ch
yields a high strength bond and a substantially honbgeneous cured
conposibbialvle, or after a rope end is inserted into a borehole. The weight ratio of the first
and second parts is substantially consistent along the entire length of the slug, to
ensure formation of a substantially homogeneous cured composition upon mixing.
Thus, the adhesive composition is both self-measuring and self-retaining due to its-
shape, viscosity and axial homogeneity.
With the foregoing in mind, it is a feature and advantage of the
invention to provide a method of applying an anchoring adhesive into a borehole
which yields a high strength bond and a substantially homogeneous cured
composition.
It is also a feature and advantage of the invention to provide a method
of applying an adhesive composition into a borehole which does not result in spilling
of adhesive from overhead or horizontal boreholes, before or during mixing.
It is also a feature and advantage of the invention to provide a method
for applying an adhesive composition into a borehole which includes the use of a

color indicator to advise a worker when the mixing of the two adhesive parts is

complete.



It is also a feature and advantage of the invention to provide a neshmk 200f
appl yi ng an adhesi ve conposition into a borehole which does not result in
spilling of adhesive fromoverhead or horizontal borehol es, before or
during mxing. It is also a feature and advantage of the invention to
provide a nethod for applying an adhesive conposition into a borehol e which

i ncl udes the use a,. col.or indicator to adyi se a worker. when the m xi ng of
the two adhesive gé\[?et g“?%‘““&(?ﬁ@lcgﬁ%r. fg:gtu:ggs %ﬁﬁéﬁ%ﬁageﬁh@%%@?ﬁwl&% ot her
features and advantages wi |l becone further apparent fromthe foll ow ng
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conjunction with the acconpanyi ng drawi ngs and exanples. The detail ed

the. scofBNBImGar, ACRh GHIBBIIY BAT ed-timbreak dshatusand aempiie "%
equi val ents thereof. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1

i 'l ust r dthesdedaitadodesespion, arawingseandeikatbplpsraze tludttagive aather thashmitieg, a
segnent or slug of the highly viscous, essentially solid anchoring adhesive
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cutting into slugs, wound up into a coiled rope. Figure 4(a)-(i)
i |lustrdhespfin cross-section, a wide variety of extruded

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a cross-sectional view of Figure 3.

Figure 2 illustrates a segment or slug of the highly viscous, essentially solid
anchoring adhesive used in the method of the invention, prior to insertion into a borehole.

Figure 3 illustrates the highly viscous adhesive composition, prior to cutting
into slugs, wound up into a coiled rope.

Figure 4(a)-(i) illustrates, in cross-section, a wide variety of extruded
configurations for the two parts of the adhesive composition used in the method of the
invention.

Figure 5 illustrates a borehole, and a anchoring pin held into the borehole,

following use of the highly viscous adhesive composition.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

The present invention is directed to a method of applying a chemical
anchoring adhesive to the interior of a borehole, and using it to secure an anchor pin

within the borehole. Referring to Figs. 1 and 2, the method includes the step of



configurations for the two parts of the adhesive conposition used iRy 52007
nmet hod of the invention. Figure 5 illustrates a borehole, and a anchoring
pin held into the borehole, follow ng use of the highly viscous adhesive
conposi tion. DETAILED DESCRI PTION OF THE PRESENTLY PREFERRED EMBODI MENTS
The present invention is directed to a nmethod of applying a chem cal

anchori ; ' } | : . usi i cure an
anchor Igug‘ﬁﬁ t%?éﬁet ez’H %gf}llé olfgre%d?{%g@%rn?ll}%gfoﬁgq#—f?jgssﬁg?Oaﬁéﬂ%}leﬁﬂ%ﬁﬁeﬁehod

i ncl udes thg step ci{w 5 30 _JAN 2007 %rovi ding the chem cal anchoring
adhesi &oPf 20 Eom gticly slugs 0 ggn be cubr The renee2d sray: bt woundpe into 4 coth whi ch

slugs 10 can be cut. The rope 20 may be wound up into a coil during

st or ageluriagdtorayd) end ey bel uasouhd ias ituis @ded RRBBe 20 (6PEIuE MY oFAhefivadhesi ve

includes a first part 12, which includes a resin conponent, and a second

part 14 | ch-_ingl CLT. agent .. joi ned together and. touchjing each
ot her é?%ﬁégsaﬁrhrﬁﬂP%#ﬁxéﬂﬁﬂ lqﬂgd?%ﬁéeééﬁ CPB?P%GBE 2 $85°L P dfbed ar ound
its circunference with a clear wapper 16. The rope 20 (or slug 10) may
have avdyithnueluded acurslg agaitcplined taethaenid muchimgseminother Rl@ss ad( a)
through 4(c) (with that of Fig. 4(a) being preferred), a threaded
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49, a clear wrapper 16.

The rope 20 (or slug 10) may have a cylindrical or elliptical cross-
section as shown in Figs. 4(a) through 4(c) (with that of Fig. 4(a) being preferred), a
threaded cross-section including a plurality of adjacent filaments as shown in
Fig. 4(d), a square or rectangular cross-section as shown in Figs. 4(e) through 4(g),
a triangular cross-section as shown in Fig. 4(h), a curled cross-section as shown in
Fig. 4(1), or any other suitable configuration. The preferred cross-sectional shape
may depend, to some extent, on the shape of the borehole into which it is inserted.
Also, the shape can be selected to facilitate self-retention of the rope 20 (or slug 10)
in a borehole, particularly an overhead borehole.

The rope 20 (or slug 10) has a shape and composition which are
substantially consistent and uniform along its entire length. This means that the cross-
sectional shape as shown in any of Figs. 4(a)-4(1), and weight ratio of the first part 12
and second part 14, are substantially consistent and unchanged along the length of

rope 20 (or slug 10). The interface 17 between first part 12 and second part 14

extends the length of the rope 20 (or slug 10). The adhesive rope or slug should



a triangul ar cross-section as shown in Fig. 4(h), a curled cross-segjiof2@s
showmn in Fig. 4(i), or any other suitable configuration. The preferred
cross-sectional shape nay depend, to sonme extent, on the shape of the
borehole into which it is inserted. Al so, the shape can be selected to
facilitate self-retention of the rope 20 (or slug 10) in a borehole,

particul arl. n_ove d borehole. .The rope 20 (or slug 10) has a shape and
conposi4q X\ﬂiﬁ%&%é@%ﬁﬁ’g{ P%%Wqé%giséﬁ seoond nawtsilerandalobgsed s entire
| ength. This neans that the cross- sectional shape as shown in any of Figs.

4( a) - 4(ay thearubimied Weight obHtheffirshpart il sindpbe kedshd pad 19eqaatrgbiit thed, are
substantially consi stent and unchanged al ong the I ength of ropé 20 (or slug
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JAN 2007 contain about 20-80% by wei ght of each of the first and second
parts 1y weight af thgsseendpart hé, monbprefaiabiyiapout 62-65ke by iweghtpafithe fizsiand t he
second part 14. Preferably, the rope or slug contains about 35-75% by
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35-48%.by wei ght, of .the second part 14, nost_ preferably about 57% by wei ght
of the %Wﬂghgéz&ﬁhelﬁr%mﬂa%a@da %W%&ngmg&t of e secondapgshld. The The

rope or slug is surrounded on its side by a wapper 16 which may be a

pl asti gopé lofslug Bidurropaded ofritstdide bl sewrapPer 16 vatieh iabby aplRMcYEMY! ene or
pol ypropylene film The first part 12 of the adhesive conpdsition has a

First (‘fgh? Igape}_%% t}];é fiﬁé, and 1s preferably a polyethylene or polypropylene film.

The first part 12 of the adhesive composition has a first color. The first
color may be a natural color resulting from the combined ingredients, or an imparted
color resulting from the addition of a minor quantity of dye, pigment, or the like. The
second part 14 of the adhesive composition has a second color, which is different
from the first color. The second color may be a natural color resulting from the
combined ingredients in the second part, or an imparted color resulting from the
addition of dye, pigment, or the like. The second color should be sufficiently different
from the first color that the interface 17 between the first and second parts 12 and 14
is detectable by the naked eye.

When the first and second parts 12 and 14 are mixed together in a
borehole, resulting in a curing reaction, the first and second colors disappear, and are
replaced by a third color. The third color may result from the blending of the first

and second colors, from a chemical reaction, or both. The third color should be



color may be a natural color resulting fromthe conbi ned ingredi ent A 2R@7
col ol . s ! ! §0J 2
impaired color resulting fromthe addition of a mnor quantity of

pignent, or the like. The second part 14 of the adhesive conposition has a
second color, which is different fromthe first color. The second col or may
be a natural color resulting fromthe conbined ingredients in the second

part, n i rte | or, resul fing fromthe _addition of dye, gnent, or
the | | I@é’ffiqiﬁgtqubfg‘?fa P’%i'rbcghglﬂ érsbéng aﬁqomém@mrwhwhpépemranw @Eﬂlehe first
color that the interface 17 between the first and second parts 12 and 14 is

det ect ahird dojort toerephikedhesiest aiencsibcdlbrfsst derdtate BRdhoarked dge.and 14 are
m xed together in a borehole, resulting in a curing reaction,” the first and

second col ors d| ear aced b third col ird col or
may result fromt lfﬂpgn?tgFl %@stﬁ %PPéﬁonéﬁﬂ’ah%EBﬂ gesgredn Bﬁ&’a
chem cal reaction, or both. The third color should be 7 30 JAN 2007

suf fi citeprowide sl‘ufge rléneachr iovirgeridst ¥earid Fs4s shana ineigntl. Talsonstibdhatayt he
appearance of the third color to replace the first and second colors is
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showmn in Fig. 1. This CUtte}@ﬁ, ma occur_away fromor at the construction
site, $OTESPeRsmgfnvayiEkdepthve! borehelesnRefesring ke Fig ok, fespwstaticagraps var yi ng
depths of boreholes. Referring to Fig. 3, for instance, rope 20 may be

i nsert ef) by Be ifepRdliftodbrelbole BRUR kSR @SS fa%rasgﬁ)s?i%% 'aﬁh%eﬁeﬁit dthen cut

at the entrance of the borehole leaving a slug 10 whosé | ength

substantially coryes
tlt'le entrance ofr tﬁe borenole leaving a slug 10 whose length substantially corresponds

to the depth of the borehole. Alternatively, a precut slug 10 may be inserted into the
borehole. Referring to Figs. 4(a)-4(i), the end of a shig 10 of any shape may be
pinched, causing the end to flatten out and widen. This end pinching may facilitate
the self-retention and anchoring of an adhesive slug 10 in a borehole. The cutting of
the rope into slugs may inherently cause this pinching. Much of the anchoring results
when some of the adhesive smears against the wall of the borehole during insertion.

A driving tool (not shown) is then used to drive an anchor pin 34 into
the borehole 32. A typical anchor pin 34 may be threaded, and may have a flat or
pointed forward end 35. A typical driving tool uses rapid rotational motion to spin
the anchor pin into the borehole. The driving tool may operate at about 500-3000
rpm, suitably about 1000-2500 rpm, desirably about 1400-2000 rpm. Some driving
tools employ a combination of hammering (axial motion) and rotational motion. In
one embodiment, a slug 10 may be physically attached to the end of a driving tool,

and inserted into the borehole during use of the driving tool.



to the depth of the borehole. Alternatively, a precut slug 10 may bggjan 2007
inserted into the borehole. Referring to Figs. 4(a)-4(i), the end of . slug
10 of any shape may be pinched, causing the end to flatten out and w den.
This end pinching may facilitate the self-retention and anchoring of an
adhesive slug 10 in a borehole. The cutting of the rope into slugs may

i nherently cause,this pinchinhg. ,Mich of the anchoring results when sone of
t he adhesive swafeénagﬁ}“m@f?ﬁ%dﬂmgt%l,% QSEaHaN E1finm ¢fthe archori on. A
driving tool (not shown) is then used to drive an anchor pin 34 into the

bor ehpire382caukes disintegraivnhof thei wrapperby ahd rhixieadedhe Gpst piy 10aug a flat or
pointed forward end 35. A typical driving tool uses rapid rotational notion

about *S8504e5 ¥ PERIRef b 1D BB S50l 1 iaelrt 280k aB8 1 00- 2000

rpm Sonme driving tools enploy a combination of hammering (axial notion)
and r Bses withithergdhesive namts apdefosobsdixtents map axl mghé irming. BEhepthyesideal | y
attached to the end of a driving tool, and inserted into the borehole

dur [ ngn\Re AlkhbhBirtB diddn (RO Imixthg?0 AYW 28R %0r Hie JIoKeqRAL, ffiotfie dri vi ng

tool, and consequent notion of the anchor pin cause I'sintegration of

t he apper 16 and m xi .Oof the first part 12 and second part 14 of
adhe\st?GP%%QFﬁ‘u%ﬁfb? %ﬁﬂiﬁrﬁdﬂgﬁ% S‘i&l&r%@|bi@ndFﬁénwaa§}ﬁwar4@1@m@aggmus nixes with
t he adhesive parts and, to sonme extent, may aid in the mxing. The threads

on t heiRmed 08 vitiich Bfls aabt ofi thgpattxbétgreeAsnthér FIRCHPENPIHE Bftet wall§i ven into
the borehole 32, the entire adhesive slug 10 is blended into a

subst gf‘%%hlo’fe Bﬁ.mﬁl%r}ﬁ&lfﬁg action also causes substantial curing of the mixture 18

to firmly secure the anchor pin 34 within borehole 32.

In a typical situation, the homogenization of the adhesive composition
resulting from the mixing occurs first at the deepest end 33 of the borehole 32, and
then progresses outward along the threaded anchor pin 34 until reaching the entrance
31. Put another way, the adhesive composition near the entrance 31 is the last to
homogenize. Thus, for a worker driving the anchor pin 34 into the borehole, a color
change of the adhesive composition at the entrance 31 to the third color, serves as a
reliable visual indication that the adhesive composition has been thoroughly mixed.
This saves time and money because, without such a visual indication, a worker would
be compelled to drive the anchor pin for a longer period than is necessary, just to
make sure that the adhesive is completely mixed. Alternatively, the worker may
unknowingly drive the anchor pin for too little time to mix the adhesive, resulting in

incomplete cure and defective anchoring.



m xture 18 which fills nost of the spaces between anchor pin 34 andz§ 5N 2007
inner walls of borehole 32. The m xing action al so causes substanti al
curing of the mxture 18 to firmly secure the anchor pin 34 within borehol e
32. In a typical situation, the honobgenization of the adhesive conposition
resulting fromthe m xing occurs first at the deepest end 33 of the borehole

enching the ent Faranst B 12a0 e 20T (ot 8 Bl BIORIS Bt on

reachi ng the entrance . Put anot esive'c on near
the entrance 31.is the last to, hono eoni ze. Thus, for_ a worker driving the
anchor? Brkiongojakest 3¢ auBsEEaItROIss ak & §r, Prefrable about Hemaldivaspaboubnposi t i on
at the entrance 31 to the third color, serves as a reliable visual

i ndi cat§ pillihaentipsisedhes prefeeaiP ashit 30mnilaen RAAdu BOHAUBY denfibyRe: This
saves tine and noney because, w thout such a visual indication, a worker

woul d .be cq |led,to drive the ancho in.for a longe riod than is
neces sjélil?/wsfggﬁ’ P DR ERRSUTLUSG A %THBLQM}SGBW%CTC %‘%'ﬁy P rﬁ“@d—jﬁ‘d .
Al ternatively, the worker may unknow ngly drive the anchor pin for too

littl et BreokfoeldiBogimeeragh€ei, wsing the prodedyre set fonboathemeamdiguasnts def ecti ve
anchoring. 9 30 JAN 2007 The first part 12 of the adhesive rope or slug has
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about 30 mllion to about 40 mllion centipoise. The viscosity can be
neasuremilliontg ahowr Yourtillinceutipeiseat °C, prafetabiyalmut Phdeilliby tBaboit i el d
Engi neering Co., using the procedure set forth in the manufacturer's
45 million centipoise, more preferably about 30 million to about 40 million centipoise.
The foregoing viscosities ensure that the first and second parts 12 and 14 essentially
have a solid phase, putty-like consistency, allowing the adhesive rope 20 to.be cut into
slugs 10, compressed, or otherwise deformed at will, but preventing flowing, spilling
and other random deformation of the adhesive composition.
To facilitate manufacturing of the two-part adhesive rope 20, and later
mixing of the two parts in a borehole, the viscosities of the two parts 12 and 14 should
be close to each other, and are preferably substantially matched. Generally, the
viscosity of the second part 14 should be no more than 30% higher or 30% lower than
the viscosity of the first part 12. Preferably, the viscosity of the second part 14 is no
more than 20% higher or 20% lower than the viscosity of the first part 12. More
preferably, the viscosity of the second part 14 is no more than 10% higher or 10%

lower than the viscosity of the first part 12. Most preferably, the two viscosities are

substantially the same.
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I nstructions. The second part 14 of the adhesive rope or slug has azpJan 2007
viscosity of about 5 mllion to about 50 million centipoise at 25C,
preferably about 20 mllion to about 45 mllion centipoise, nore preferably
about 30 mllion to about 40 mllion centipoise. The foregoing viscosities
ensure that the first and second parts 12 and 14 essentially have a solid

phase, putty-|ikn senehBédifei, (B Hapad 190 BORGRLYS. [RRARE b, S cut [nto

sl ugs 10, conpressed, or otherw se defornmed at w preventTng fl ow ng,
spilli and .o her random def ar mat.i o t he adhesive conposition. To

Foct | 14526 B9 HisiEhCek an SR GP IS Ra 0o by aniehve s 6% pagiCieia AleEer | i xi ng
of the two parts in a borehole, the viscosities of the two parts 12 and 14

shoul @ndiEbout 48¢5506 byawtight bfa seeond mardcyingf filab| Breserablyahd fdt yarmt ched.
Generally, the viscosity of the second part 14 should be no nore than 30%

hi gher g I i AR first part, 12.  Preferably,

t he vilézgdgst? %ga%e?}l\t%ﬁg&@gg%%g p%tﬁ%gﬁﬁ%l toﬁ@ﬁ%ﬁ%ﬁ%ﬁ"’ﬁh‘?‘éﬂ@é ® 20% | owner
than the vjscosity of the first part 12. More preferably, the viscosity of
t he sdoweighbof thefirs pestielats filkern and sbontgh®608s byoseighowthe heontihe

viscosity of the first part 12. Most preferably, the two viscosities are

subst gty fiRe BT prfbraddy, NAAR B4 160 ' fid.st part 12
of th%madhesi ve i ncl udgs abogj'{’ éo 145%%y4mé?g‘ﬁ?&?§%?‘gén{ﬁ§g%df§/w§§gijrﬁ about

L Sl e 5 450 B S DR T O
adhesi ve includes about 25-35% by wei ght of the epoxy resin, about 12-25%
filler, and about 52-58% by weight of the second particulate filler.
The epoxy resin is preferably a liquid epoxy derivative. Novolac epoxy
resins are particularly suitable, and bisphenol epoxy resins are preferred. One
particularly suitable bisphenol epoxy resin is available from Shell Chemical Co. under
the trade name EPON®828. EPON®828 is a difunctional bisphenol A/epichlorohydrin
derived from liquid epoxy. Other suitable epoxy resins include ARALDITE®610,
available from Ciba-Geigy; and DER 331, available from Dow Chemical Co.
The first particulate filler should have an oil absorption value of at least
about 30, measured using ASTM D281-31. Preferably, the first particulate filler has
an oil absorption of at least about 40, more preferably at least about 50. One suitable
first filler is talc, having a particle size of about I micron to about 50 microns. One
suitable talc filler is Talc 399 sold by the Whitaker, Clark & Daniels Corporation.
Other suitable talcs are Mistron ZSC from Cyprus Minerals, and MP12-50 from Pfizer

Chemical Co. Other suitable first particulate fillers, having similar particle size

11



by weight of the first particulate filler, and about 45-60% by wei gltjaafz06the
second particulate filler. Mre preferably, the first part 12 of the

adhesi ve i ncludes about 26- 30% by wei ght of the epoxy resin, about 16-20%

by weight of the first particulate filler, and about 52-58% by wei ght of

t he second particulate filler. The epoxy resin is preferably a |iquid epoxy

cpoxy P, TS ERIcRBR egbSERL Tl Bel) Bl 361 deb A e o kdony resin

is available from Shel|l Chem cal Co. under the trade nane EPON(r) 828.
EPONS82gs¢ other dilfennars lspudessiabh@soltale/ epi chl or ohydrin  derived fromliquid
epoxy. Qther suitable epoxy resins include ARALD TE(r)610, avail abI e from

Ci ba- Gei gy; and 1PRRs&@3hd d@éfrﬁbtﬁttﬂ 11134 Qﬁ‘dﬁ?&e%%rﬁQhe st Teﬁfa AP

part| cuI ate filler shoul ave an oil absorption east about

d usin 81-31. Pre he first artlculateflller
has ﬁ tﬁlgttggp%p?ipg)%gye FREst AR tahgut %’Q%ebbr‘éﬂéﬁhlﬁ’f)l hatillesast about
50. One suitable first filler is talc, having a particle size of about 1

m cr S\Eaﬁﬁlammmcﬁﬂa\m £ (PsSictneizestetiakl €6 bal st iddiedive s Pretefabdpatsol d by
t he itaker, Clark & Daniels Corporation. Cther suitable talcs are Mstron

S 1 abfist AR Sk T lels PRy Qoo et RiefstAlY of fosi 200711 50

2007 ranges, include cal cium carbonate, glass beads, silica, fly ash, clay,
and t B8% byeweiphtof the Hillerfharticles, kave 4 £5S. Sesiersitd between 1Giand 4Fhe second
particulate filler is different fromthe first, and can be

Particulate filler within this size range facilitates optimum extrusion during

manufacturing, excellent mixing of the adhesive during use due to action of a driving

tool, shredding of the wrapper 16 during mixing, and excellent bond strength of the

cured adhesive. Filler having significant amounts of larger (lower U.S. Sieve size)

particles provides good in-hole mixing and wrapper shredding, but causes extrusion

and/or forming difficulties during manufacture of the adhesive rope. Filler having

significant amounts of smaller particles (higher U.S. Sieve size) provides excellent

extrusion and/or forming during manufacture of the adhesive, but facilitates poor in-

hole mixing, wrapper shredding and bond strength of the adhesive.

Suitable second fillers contributing to in-hole mixing of Parts A and B
include silica sand, glass beads, and quartz. One particularly suitable filler is a sand,
for example, a silica sand sold as AGSCO® Sand No. 1, by the Agsco Company. For

this sand, about 89.4% by weight of the particles have a U.S. Sieve size between 16

and 45.
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defined in terms of U S Sieve size. At |east about 70% by wei ght ofg§{€2007
filler particles should have a U. S. Sieve size between 16 and 45,
inclusive. Preferably, at |east about 80% by weight of the filler
particles, and nore preferably at |east about 90% by weight of the filler
particles, have a U S. Sieve size between 16 and 45. Particulate filler

excel lont i g GF T AtRELhTh s R Ba Rt OF 4PE alb e inelees ving

t ool , shreddi ng of the wapper 16 during m xing, and excellent bond strength
of t ldout Gr2feaktheseight ofian| amintacdmpowidyméaningtarnemine rafhensicgler (| ower
U S Sieve size) particles provides good in-hole mxing and w apper

shr eqiliriigtive Uhere®P $88 nBX bl dftR) anBRe/ [ Uf S bk eSSttt i ng
manuf act ure of the adhesive raggea. Fil %ruft(t?é{/nilgge %’i‘é’hfgﬁl‘%ﬁtegﬁ% nts of
smal | er. parti cl her U. S. Sieve si z%) praovi des excellent extrusion

es, (hi )
and/ GPRE ST 5’%‘:93 Gf IGEHATY @Tgpe i chganed; deastvative theeaafi abews poor i n-

hol e m xi ng, wrapper shredding and bond strength of the adhesive. Suitable

secorid23%|byewsighoof aiffsttpartcilatei filteh ahe abbuti 5708944 Barddight dMals@onidnc! ude
silica sand, glass beads, and quartz. One particularly suitable filler is a

sand,.. , I k|0 sql.d .as. AGS r) No. 1,. by. the Agsco
o Rag U TR BrefBh. 158008 ral 8, AR ot 1R EBAY ettt Fave a s
Si eve size between 16 and 45. 12 30 JAN 2007 In the one enbodi nent, the
secofthe paite dcompiund, ebewthled 0%eby welghtl of thelertary affite bympeiugh; alofutan ami ne
conpound, neaning an am ne or chem cal
5-18% by weight of the first particulate filler and about 58-72% by weight of the
second particulate filler. More preferably, the second part 14 includes about 12-16%
by weight of the amine compound, about 1-5% by weight of the tertiary amine
compound, about 7-12% by weight of the first particulate filler, and about 62-68% by
weight of the second particulate filler.
The first and second fillers in the second part 14 are selected from the
same groups of fillers as the first and second fillers in the first part 12 of the adhesive
composition, and may or may not be identical to the first and second fillers in the first
part 12. The amine compound acts as a curing agent once the first part 12 and second
part 14 have been mixed together. The tertiary amine compound acts as an
accelerator for the curing reaction.
Suitable amine compounds include amines, aliphatic amines,

aminoethylpiperazine, amido amines, cycloaliphatic amines, and the like. Preferred

aliphatic amines include Mannich bases. One suitable Mannich base is sold by Air
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derivative thereof but not a tertiary am ne, about 0.1-15% by wei ghip JAN 2807
tertiary am ne conpound, neaning a tertiary amne or chem cal derivative

t hereof , about 1-23% by weight of a first particulate filler and about
52-87% by wei ght of a second particulate filler. Preferably, the second
part 14 includes about 10-18% by wei ght of the am ne conpound, about 1-10%

by wei h | ' | kB I ght aof the
v ot PRATe GraadFt fihamE RNEA0AMIE T6y PO syeb il Y hat e a8
particulate filler. re_;)ref er abl t he second part 14 includes about

D L bimchige ASIGAMBIE T Tanha NehVBRIE I TaBout 105% by wel ght of the
tertiary am ne conpound, about 7-12% by wei ght of the first particul ate

filler, and abogi;@Ble58f4tiaty Wehigbt c@fnﬁohﬁd§eﬁ&wd@am@m11§5ﬁﬂd er. The

first and second fillers in"the second part 14 are selected fromthe sane

group ' the fi Nﬂlﬁﬁi ‘ﬁgfafi rs in_the first part 12 of
t he amwlg&oﬁrﬁggi t"‘Pgnﬁ‘ll\fafi‘%)l {%&0 I ﬁBH EE Af*HeRf‘P(ﬁbﬂtS -1+ RBAf i rst and
second fillers in the first part 12. The am ne conpound acts as a curing

agent EBICEHREBTE268 s6ld thafhell Chamicas €oondprefardd thAidigwenineansdlil k9dh ik oget her .
The tertiary am ne conpound acts as an accelerator for the curing reaction.

am nobtIRE pEPar TRt die oBFul mal® O ANCAMIBEMESET AR ity i 11 ke

Preferred aliphatic am nes include Mannich bases. One suitable Mannich base
i s so(dimsphyiaminargethyl)phrnolb07 Products Co. under the nanme ANCAM NE(r) 1856.
O her suitable aliphatic am nes
To manufacture the adhesive rope 20, the ingredients of the first part 12
can be mixed in a first mixer, and the ingredients of the second part 14 can be mixed
in a second mixer. The separate mixers can be drum tumblers, sigma blade mixers,
planetary mixers, extrusion mixers, press mixers, and the like. Vigorous mixing,
requiring shear without added heat, may be employed to ensure a homogenous
distribution of ingredients in each of the first part 12 and the second part 14. The first
part 12 and second part 14 may then be extruded and/or pressed adjacent to each
other, using separate extruders and/or presses that converge in a single die, to form
the biconstituent adhesive rope shown in Fig. 2, having the interface 17 between first
part 12 and second part 14. Once the adhesive rope has been formed, it may be
covered with wrapper 16 which, as explained above, can be made of plastic, foil,
paper or the like, but is preferably made of a polyolefin such as polyethylene or
polypropylene. After being stored as a coiled rope as shown in Fig. 2, the adhesive

rope can be cut or sheared into individual slugs 10, having any desired sizes, either

at the construction site or before entering the construction site.
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i ncl ude ANCAM NE(r) 1767 and ANCAM NE(r)1768. Suitable tertiary am ng jan 2007
conpounds i nclude ANCAM NE(r) 110, ANCAM NE(r)K61B, and ANCAM NE(r) K54, all
sold by Air Products Co., and EPICURE(r) 3253 sold by Shell Chem cal Co. A
preferred tertiary amne is sold by Air Products Co. under the trade nane
ANCAM NE(r) K54, and is a tris- (dinethylam nonethyl)phenol. To manufacture
t he adhesive rope 20, the ingred'Fentslof the first part 12 can be mxed in
a first mxer, and the ingredien 820 %%e second part 14 can be mxed in a
second mi xer. The separate mi xers can be drum tunblers, sigma bl ade m xers,
pl anetary mi xer ¢} heghlyusisoousyiessamiallyr sedsl phaser sdheaingd tdye hawag tHegor ous

m xi ng, requiring shear w thout added heat, nay be enployed to ensure a

honog hat E i i Bg i i f the firs art 12 and the
cecondoaapuretign' Shwh B ks 20545' £2) Syl siB50e Wbltthé i ¥ibecit ruded
and/ or pressed adjacept to each other, using separate extruders and/or

pr ess &SMPREHIONS ﬁvé%ﬁm partanddhe seeand past,faoera weight pationé i frerthe adhesi ve
rope shown in Fig. 2, having the interface 17 between first part 12 and

secongirgadrd sbéon%ﬁﬂsl Theadhasi i h%@g% dfke Qp%bﬁe@% ’th%r{tp A cBfg covered

w th wapper 16 ich, as expl ai ned ove, can 0 stic, foil,
paper _or, .the li.ke,. but is.preferably de of .a ppl yolefin_such as

pol yepmllég‘é r%qln?ab%|a§prB% &ﬁ%&%?é@%@%&‘@? @F’@(’j‘cﬁé)%é‘aé‘éﬁqeédnrtb%e as shown
in Fig. 2, the adhesive rope can be cut or sheared into individual slugs
10, hasdond panytodesinriacthe ifretsparei Unesactad hirensransy fatihita® cileh® ke bef or e

entering the construction site. 14
anchoring adhesive, and the amount of unreacted hardener is minimized by this
technique. The first part had a viscosity of 40 million centipoise. The second part had
a.viscosity of 40 million centipoise. The composition was extrded into a rope having

a 0.5-inch diameter. The extruded rope was wrapped in high density polyethylene

film having a thickness of 0.5 mil, and was cut into slugs having a length of 4.5

inches.
First Part (Resin)
Material % By Weight
EPON®828 (Bisphenol A Epoxy Resin) 28.00
Talc 399 (Whitaker, Clark & Daniels) 17.30
AGSCO® Sand #1 (silica sand) 54.70
Total: 100.00
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30 JAN 2007 Exanples A highly viscous, essentially solid phase adhgsjae07
rope having the configuration shown in Figs. 2 and 4(a) was prepared, using
the following conpositions for the first part and the second part, and a
wei ght ratio of 4:3 for the first and second parts. The reason for having
nore of the first part than the second part is to maintain about 5%l ess

t han a gtorchtometric—barance—of—harderer—-A—+he—seeord—part—{0 resin in
the firgt part. Unreacted IBecdrddtantyliairdenér)t ate creep of the| anchoring
adhesi v, a ] T TS munrnrzed oyjthis
techni qye. The firsMapgerrial had a vi scosity of| 40%nByIWeightent i ppi se. The
second part—had —ayi'scosity Of 40 M ITTOom camtiporse,_The-ctonppsi ti on was

ext r uded ANECAMINESé8p(Inagified dihatisamigehnet er . The6@xt ruded|rope was

wrapped [in high density polyethylené fiIrmnaving a tnickmess pf 0.5 m |,
and was &MEIP&Y@“%{ Bg4 (tetiphgaminengt h of 4.5 inches73First Part (Resin)

Mat eri al T%lgg g\el ght EPON(r) 828 (Bi sphenol |A Epoxy Resin) 28.P0 Talc 399
(Whi t akgrid 8Pk & Dani el s) 17.30 AGSCO(r) [Sand #1 X-831ica sapd) 54.70

Tot al : j'(})@?Gg(%O@lgal%P#fAN 2007 65.34

Total: 100.00

The inventive, highly viscous, essentially solid-phase rope adhesive,
called EXP 220, was evaluated against two prior art epoxy-based liquid adhesives
sold by ITW Ramset/Redhead under the names Granite 5 and Ceramic 6. The
adhesives were evaluated using 0.5 in.:diameter steel anchor rods, and 0.563 in. x 4.5
in. boreholes formed in 4000 psi compressive strength concrete. The anchor rods had
1.5-degree tapered threads. The hand-operated driving tool was run at 1600 rpm.

Pullout strengths from dry concrete at ambient temperature were
measured at various time intervals after insertion of the anchors, up to 24 hours.
Pullout strengths were also measured for concrete which had been under water for 24
hours before and after insertion of the anchors. Pullout strengths were also measured
for dry concrete which was maintained at 110°F for 24 hours before and after insertion
of the anchors. The pullout strengths, which are reported in pounds of force, were
measured using an Instron load tester. Table 1 shows the pullout strengths resulting

from these tests.
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Second Part (Hardener Material % By Wi ght ANCAM NE(r) 1856 (rmdifig@lJANzoo-,
aliphatic amne) 14.67 ANCAM NE(r)K54 (tertiary amne) 1.73 Talc

AGSCQO(r) Sand #1 65.34 Total: 100.00 The inventive, highly viscous,
essentially solid-phase rope adhesive, called EXP 220, was eval uated

agai nst two prior art epoxy- based quui d adhesives sold by ITW
Ranset / Redhead under &h% ?rrrrk_“ jte 5 and Ceramc 6. The adhesives were
eval uated using 0 5 j/4a lgy lloutteensths ¢Reundsds  and 0 563 in, x 4.5

in. Horeholep forned i

4000 psi ¢ rrpr essive <ptrewg{;h h ﬁetfyte anchor
rods -degree t ng er teq I‘E ol was run
at 16@%1% P Id qut st%%gfﬂntsc%t? § ﬁgﬁ@ éjfgt Di er]tlg npegature were
masu&i&eaﬁﬁﬁvg j ours A Howrs | 24 Hewrs o up to 24
hours. Pull autE 2?1‘9: hs were al sp rreasured 1or concr¢te which had been
under| wat er ouyr nd nser.t. of the chors. Pull out
g.t_h.l_w; Odn v Sur Eg’b% Ly (@9@ ret ' S Hé‘i’ ained at 110F

U

strer
for 44 hour s befgfie and after |nseH|on of the anchor$. The puII Put

hs, f
R A (122350 A s WA s 8 T o g W o gl e

t hesd tests.| 1€eramic 6
3 {Comparative) 17,300 17,900 13,500 16,300

As shown above, the adhesive made and used according to the method
of the invention produced an anchoring force higher than one of the prior art liquid
epoxy adhesives, and equivalent to another.

In a second set of experiments performed under similar conditions at a
different time and location, using similar 4000 psi concrete, the same inventive
adhesive was tested using the same procedure, versus a) white epoxy putty sticks
manufactured by Devcon Co. and sold by Ace Hardware Corp. and others, and b)
HVU adhesive made and sold by Hilti AG of Waldstetlen, Germany. The white
epoxy putty sticks are typically used for household applications and are not
considered to be an anchoring adhesive. On information and belief, the HVU
adhesive is similar to that described in U.S. Patent 5,731,366, issued to Moench et al.
The HVU adhesive contains a loose filler phase and a liquid chemical phase contained
in capsules dispersed in the filler phase. Both phases are contained in a cylindrical
plastic wrapper.

Table 2 shows the average holding strength for each of three adhesives,
measured after 24 hours in dry, ambient temperature concrete.
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30 JAN 2007 Table 1: Pullout Strengths (Pounds Wt Dry Concrete, GxaiPier
Dry Concrete, Dry Concrete, Concrete, 110F, No. Adhesive 4 Hours 24 hours 24
Hours 24 Hours EXP 220 1 (lnventive) 15,6900 16,000 12,500 14,450 Ganite 5
2 (Conparative) 5,900 15,700 12,500 8,500 Ceramc 6 3 (Conparative) 17,300
17,900 13,500 16,300 As shown above, the adhesive made and used accordi ng
to the method of the invention produced an anchoring force higher than one
of the prior art |iquilableboRulbditédrearzths (Pourds)i val ent to another. In a

seconéféset ETiex erinments p rgor.rred under sifm Jar confﬁtlogg at a| different
tinme £r ||anrLQL ] ﬂ é]““Q p§l nl‘]%on{: 0 itive

adhedi ve wgs testied usi Eg‘ﬁ% mn%}ocedurq, versus; ggY\:hl te epoxy putty

sti chks—mmnufactyred by by Ace ware Corp fand

ot her{s, andg b) _H\/@@d&eﬁm’p&estﬁﬁgigj@ﬂl‘ghwegi y H| I t| A§33gﬁ V\al dstet | en,

Ger WEW—-FH'G“V\*%‘TL epoxy—pttty—stteks—are—typreatiy- tsed—or—heusehol d
appl ijcati ofs and|are Hiti HYGh@atepaestivep be %\ anchor {ng3adhesi ve. | On
i nf or oM and elmf The AVO —adhnestve 15 simtar to that descri bed in

U S. Patent 5,731, ssue Mbench et : )
S's own ove tﬁle agheswe made ancia used according to the method

of the invention gave better holding force than the prior art putty sticks and similar
holding force to the prior art fluid /capsule adhesive system.

While the embodiments of the invention described herein are presently
preferred, various modifications and improvements can be made without departing
from the spirit and scope of the inventicn. The scope of the invention 1s indicated by
the appended claims, and all changes that fall within the meaning and range of

equivalents are intended to be embraced therein.

18



The HVU adhesive contains a |oose filler phase and a Iiquid chem caly;BhRS§ys
~contained in capsules dispersed in the filler phase. Both phases are
contained in a cylindrical plastic wapper. Table 2 shows the average

. holding strength for each of three adhesives, neasured after 24 hours in
dry, anbient tenperature concrete. 17 30 JAN 2007 Table 2: Pull out
Strengt hs( Pounds) Exanple No. Adhesive Dry Concrete, 24 Hours 4 EXP 220
(I'nventive) 12,291 5 Devcon putty sticks (Conparative) 5,382 6 Hlti HVU
(Conparative) 12,538 As shown above, the adhesive nmade and used according to
t he net h#dE (GLAINE | nventi on gave better holding force than the prior art
putty sticks and simlar holding force to the prior art fluid /capsule

adhesi ve system Wilg figRTae 'ﬂ&%gi of ciigichnvash by dRsesivbed hesein

.are presently preferred, various fications and inprovenents can be
made w t hout. d%t Ie@% fromthe spirit q.nd scope of the in:-_ntion, T ht
scope of M'HROY PiedR1g SOPMYISELE B StPS Ahe appended claims, and al | changes
that fall within the neaning and range of equivalents are intended to be
enbraced therein. pBBONEANSIARET chemical anchoring adhesive including a first part

and a second part joined at an interface extending a length of the slug;

the first and second parts each having a viscosity of about 5 million to
about 50 million centipoises at 25°C:

the first part comprising a resin and having a first color;

the second part comprising a curing agent and having a second color
different from the first color;

inserting the slug into a borehole;

providing an anchor pin; and

driving the anchor pin into the borehole using a driving tool that
imparts rotary motion to the anchor pin;

whereupon the rotary motion of the anchor pin mixes the first and
second parts together to form a composition having a third color different from the

first and second colors.

2. The method of Claim 1, wherein the first and second colors

constitute natural colors of the first and second parts.
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VW CLAIM 1. A nethod of applying a chem cal anchoring adhesive to the
interior of a borehole, conprising the steps of providing a slug of ShEMY 2047
anchoring adhesive including a first part and a second part joined at an
-interface extending a length of the slug; the first and second parts each
having a viscosity of about 5 mllion to about 50 mllion centipoises at
25C. the first part conprising a resin and having a first color; the second
part conprising a curing agent and having a second color different fromthe
first color; inserting the slug into_a porehole; providi an anchor pin;
and driving the anchorepPfilPfes (pe E)owgﬁépbaa}g?mna Oéjr‘fﬁ?/%%@} AGSECHat
inparts rotary notion to the anchor pin; whereupon the rotary notion of the
anchor piparteifsekert deenprisesta dyedor [sgment parts together to forma conposition
having a third color different fromthe first and second colors. 2. The

met hod of Caim1l, wherein the first and second colors constitute natural
colors of the first and second parts. 19 30 JAN 2007 3. The nethod of Claim
1, wherein at Ieast4‘ Ojflge Orfne%hr(])% folfraail%n ,S»%ﬁgrrégl the adhesive slug further

COMPpIISES 2 Wrapper.

5. The method of Claim 4, wherein the wrapper comprises a plastic

- film.
6. The method of Claim 4, wherein the wrapper comprises
polyethylene.
7. The method of Claim 4, wherein the wrapper comprises
polypropyiene.

8. The method of Claim 1, wherein the anchor pin comprises a

threaded shaft.

9. The method of Claim 1, wherein the anchor pin comprises a flat

end surface.
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parts further conprises a dye or pignent. 4. The nethod of Caim1l, wherein
‘the adhesive slug further conprises a wapper. 5. The method of C a4 2007
wherein the wapper conprises a plastic film 6. The method of d aim 4,
wherein the wapper conprises polyethylene. 7. The method of d aim 4,
wherein the wapper conprises polypropylene. 8 The nethod of Caiml,
wherein the anchor pin conprises a threaded shaft. 9. The nethod of Caim
1, wherein the anchor pin conprises a flat end surface. 20 30 JAN 2007 10.
The method of Claiml, wherein the driving tool inparts the rotary notion at
about 500- 3000 rpm ! O 1Thermeethed rddChrmcl amvherem viher i vingh@od rimpary theol
inparts the rotary notion at about 1000-2500 rpm 12. The nethod of Claim
1, wher eimtiriyanstidr htubonosD0i3MarHfm.the rotary notion at about 1400-2000

rpm 13. The method of Cdaiml, erein the driving tool further inparts
11. The method of Claim 1, wherein the driving tool imparts the

rotary motion at about 1000-2500 rpm.

12. The method of Claim 1, wherein the driving tool imparts the

- Totary motion at about 1400-2000 rpm.

13. The method of Claim 1, wherein the driving tool further imparts

axial motion to the anchor pin.

14. The method of Clamm 1, wherein the adhesive slug has a length

that corresponds substantially to a depth of the borehole.

15. A method of applying a chemical anchoring adhesive to the
interior of a borehole, comprising the steps of:

providing a rope of chemical anchoring adhesive including a first part
and a second part joined at an interface extending a length of the rope;

the first and second parts each having a viscosity of about 5 million to
about 50 million centipoises at 25°C;

the first part comprising a resin and having a first color;
21



axial notion to the anchor pin, 14. The nethod of Caim1, wherein tﬂ% .
“adhesive slug has a length that corresponds substantially to a dept of 2PWe
borehole. 15. A nethod of applying a chem cal anchoring adhesive to the
interior of a borehole, conprising the steps of: providing a rope of

chem cal anchoring adhesive including a first part and a second part joined
at an interface extending a length of the rope; the first and second parts
each having ,a viscosity of about 5 mllion to about 50 mllion centipoises
at 25C, the first part conprising a resin and havi ng a first color; 21 30
JAN 2007 the secofi¢ gsapnd pentprdrgpmgng acuuringcagegeand hadinigaa benpnd ewéwond
color different fromthe first color; inserting an end of the rope into the

bor ehol eyiffatthi MOt dRe froM&1eL an entrance to the borehole to yield an
adhesive slug in the borehol'e; providing an anchor pin; and driving the

anchor pin into the b rehol e a driving to that inparts rotary
notion to the anchyF® H%almécfatﬂ%ﬁoPﬁa“Pélﬂg‘P?} ﬁB{l’on of the anchor pin
m xes the first and ] .

cutting the rope at an entrance to the borehole to yield an adhesive

shug in the borehole;

providing an anchor pin; and

driving the anchor pin into the borehole using a driving tool that
imparts rotary motion to the anchor pin,

whereupon the rotary motion of the anchor pin mixes the first and

second parts together to form a composition having a third color different from the

first and second colors.

16. The method of Claim 15, wherein the first and second parts are

present i a ratio that is substantially consistent along the length of the rope.

17. The method of Claim 15, wherein the rope further comprises a

wrapper.

18. The method of Claim 15, wherein the driving tool imparts the

rotary motion at about 1000-2500 rpm.
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second parts together to forma conposition having a third col or di fafoejkﬁ%m
fromthe first and second colors. 16. The nethod of C aim 15, wherern the
first and second parts are present in aratio that is substantially
.consistent along the length of the rope. 17. The nethod of C aim 15, wherein
the rope further conprises a wapper. 18. The nmethod of C aim 15, wherein
the driving tool inparts the rotary notion at about 1000-2500 rpm 22 30
JAN 2007 19. The method of C aim +415, wherein the driving tool further
inparts axial notion to the anchor f)i.n. 20. A nethod of applying a chem cal
anchori ng adhesi ve 1Po Tigemethadof orlayh 44 bor wherean tbén%ﬁi‘flﬁgnéoﬂ HartBeleps of
providing a rope of chem cal anchoring adhesive including a first part and

a second ipphits hRiaNgdbtidh t8nhé Bh@ldrage extending a Iength of the rope; the
first and Second parts each having a viscosity of about 5 mllion to about

50 mllion centipoises at 25C;, the first part conprising a resin and having
a first color; the second part conprising a curing agent and having a second

color different fromthe first color; cutting the rope to yield an adhesive
sl ug; 20. A method of applying a chemical anchoring adhesive to the

interior of a borehole, comprising the steps of:

providing a rope of chemical anchoring adhesive including a first part
and a second part joined at an interface extending a length of the rope;

the first and second parts each having a viscosity of about 5 million to
about 50 million centipoises at 25°C;

the first part comprising a resin and having a first color;

the second part comprising a curing agent and having a second color
different from the first color;

cutting the rope to yield an adhesive slug;

mserting the slug into a borehole;

providing an anchor pin; and

driving the anchor pin into the borehole using a driving tool that
1mparts rotary motion to the anchor pin;

whereupon the rotary motion of the anchor pin mixes the first and
second parts together to form a composition having a third color different from the

first and second colors.
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inserting the slug into a borehole; providing an anchor pin; and driyvi
the anchor pin into the borehole using a driving tool that inparts P%b&?@om
notion to the anchor pin; whereupon the rotary notion of the anchor pin

m xes the first and second parts together to forma conposition having a
third color different fromthe first and second colors. 23 30 JAN 2007 21.
The nmet hod of C aim 20, wherein the rope has a length to dianeter ratio of
at | east about 10. 22. The nethod of Cl aim 20, wherein the rope has a length
to dianeter ratio of at |east .about 15. 23. The nethod of C aim 20, wherein
the rope has a | ength 1Be IBP%‘RétﬁfqléW 2bf Wherepp die 19psukas@. lepgth to

diameter ratio of at least about 10.

22. The method of Claim 20, wherein the rope has a length to

diameter ratio of at least about 15.

23. The method of Claim 20, wherein the rope has a length to

- diameter ratio of at least about 20.
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