; e3e-yo-Vjj k4l RnrRo6hoToP] X- ' ~ ~ 4 NMAY 2003 ROPE OF CHEM CAL ANCHORI NG
ADHESI VE FI ELD OF THE I NVENTION This i avenfion is directed to a chegi C@’\Y 00
anchoring adhesive in the formof a self contained, cuttable, elong tle

fl.exi bl e rope. The rope can be cut or sheared to any desired slug |length at

the job site, allowROFDOBCHEMIOALI ANLHORING ADHBRBVEt of anchoring

adhesi ve used in boreholes of varying depth and size. The cross sectional

conposition is substantially Lflj)brp @Hﬁ %2392} I ength of the rope.
anchori S

BACKGROUND OF THE | NVENTI O\I em cal ives are known which
axe conposed of two or nore conponents that react together and cure when
m xed. U.S. Patent 5[HsinBationiisdineded tp Srhgmizal sncharing adhsgive s theafomor t ar
m xture capsule unit for chem cal attachnment of anchors in borehol es The

capsul e hqﬂsae ?%yﬁé din
smal | er caps é@"%&“%’?%?% t Be' ?qong%rrgtf%ﬁgf%#ﬁe caﬂgﬁ ge Is |nserte into
a borehole, and _a drjvin tooI is used to_jnsert_ an anchor. The driyving

tool inpartesamibdesired: Yug Hengthchdhe Jaknsen allognng £or parsiter pRImMERAIOREOLHISS Ul €

and the smaller capsules contained within it, causing the chem cal binder

system t 0 drid @it anéetivding adhesiv @ usdteinfotdimies olherymF depitit drisiga) dI e &losg
causes reaction and curing of the binder systenﬁl ler mxture thereby

1t AG aaup R s in BRI o 3l e B 359 1808 druf Bk o
Mbench et al ., d| scI oses_a chem cal B %g}l_ %em%ound based on a
free-radically pol ymeri zBAGKGROUNRLO NBEIOMitiator spatially
separated fromthe resin. The spatial separation can be effected by '

~4MAY2D03 encapsul atclli@nﬁcapaﬂdnbhhgb@nemaesgdra%aowﬁ\kzaichna@rcoaﬂidsehQﬁf@wo
capsul es. The pluggi ng conpound i S described as being self supporting and

storage stable. This and other pri art, chem cal have
certain di¥AREHFORRAGenEad tdF%Cég%fﬁ%%Bd iCHre ¥ nh?n Bﬂée‘ﬁhﬁt%ﬁ%t%‘ggﬁ%ﬁfé axe
fluid, and nust be wrapped, encapsul ated or otherw se and enclosed in a

package prssredt v Skapiafihets al.j discksadta prgtartmixtarey capslarmpuhtfonfchadhesli ve
used in a borehole, or the size of the housing capsule, while at the job

site. Put a%@%mﬁf%ht YancRYR! i BREh&RS. Ul“li’@&%sé@h@ﬁé&héﬂfﬂﬁer%ﬁﬁe@xaﬂ e&?d we the
sanme anmount of predeterm ned, pre- packaged adhesi ve as borehol es of

b R

ruptured by the anchor being driven. This problemi s especi al ly acute vvhen
t he bor ehcheridgeupsnstetedonto ahdreheld, iandla divingabebisaxiedtte wban antemchor.ehol e
is horizontal, or at an angle between
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”.
U.S. Patent 5,731,366, issued to Moench et al., discloses a chemical

plugging compound based on a free-radically polymerizable resin and a free-radical

initiator spatially separated from the resin. The spatial separation can be effected by
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MYl *G00002*



hori zontal and upside down vertical. Even when the adhesive is not
conpletely fluid, the prior art cartridges are typically not self 1 MAY 2003
retentive, i.e., the cartridges will fall from overhead borehol es. Anot her
di sadvantage is that the two conponents, binder and filler, nust be

conpl et el ynsappubajingethepmitator dnL&léss tgﬁlq@memenslhphoem@s@es ntBhapliggingnd
reaction. The encapsul ati on techni ques used to acconplish this require sone
precision, e snmal |l er

capsul es ugg%otﬁ}éﬂgégﬁgsg@eta%gﬁg:ﬁ%%lf%@ re fx%@ﬁo\%%??{aglfcgper sed anong the
filler until the adhesive capsule is 1 4. MAY 2003 used. Uneven

di spersion of the bilhderndmih¢s prier asmhcmaﬂ anshonimgesdhssivasdepiguearéain
adhesi on of the anchor. Cartridge adhesives are another type of prior art
adhesi ve. dﬁ%ﬂ%x{@?& WS B anitAMe ly@atw@oﬁamrﬁ Bk aelfm&ffa 808 must
simul taneously 1 nfected into a bor ehol e using a t arre caul ki ng gun

whi ch bri gs the two par her. at e _point of injection, whereupon
they reac eaﬁéﬂp‘@fueé?qmg fﬁt éﬁ%‘ﬁ%aﬂ‘ij@a?ﬁf’gﬁfle?dé%d(éﬁe PHPF 19 Wife BaBesi ves
i ncl ude excessi ve packagi ng waste, excessive adhesive waste due to unm xed,
unused maftes indlt easyed Naryotherarmbentcafiddhienge haed éh 2, b@eHoleNsutlie sizerdf the
viscosity, which permts the material to run out of vertical overhead

oresent 1 HoBEE sAPRE8 IR e W hiGoP BRI er MA Do SlRERGT °

the formof a self contained rope. The term "rope" refers to any el ongated
f1exible b@rfehplfé\nft@g recqivg the seme amejy of pradstamminechwrepackagsed adbesivess: 1.
The term "self contai ned" neans that the chem cal anchoring adhesive is
suf f i ci enbbpehwldaCsFutaridaad sizk. does not flow, and generally does not deform
unl ess subjected to an ext ernal force. Generally, this requires the

adhesi ve to have a ut t i ke. C en and a viscosit f about 5
mllion to about SOAHI @?‘Fagéﬁ?tﬁﬁ%ls tgatsdﬁ] %%@%Vsﬁga Qﬁ'p%r(ﬁ)lﬂ

plastic film but would be self contained with or without a wapper. The
two part sthef bereboleh elviringl usen phaoidulerly dfies theepankage dis meptued dybihesirdior or

with one part surrounding the other, so that there is an interface between

them The b t
hormgeneogélﬁg'?ﬁ Sﬁﬁgg%?’f@ﬁ&'n{ i%f\)/g? Hgaé&e% tg‘%lbgﬁéyog%ﬁyﬁ}dgzda%w% ﬁnd | ong

the length t he tio of .the first pant to the
second paY?‘%Wéiingeag&t ﬁ?"(?ffgﬁ' '?‘85%“%%@?96 oFoptad: PHAE ansandle REtVRED same
as at any other axial |ocation al ongEt he rope. This ensures that any slug
of horizontal and upside down vertical. Even when the adhesive is not completely fluid,

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

expense. Also, there is no assurance that the smaller capsules used to contain the

binder will remain evenly dispersed among the filler until the adhesive capsule is



adhesive cut fromthe rope will have about the same overall conposition as
any other slug cut fromthe sane rope. The first part of the adhesiy
conprises a resin. The first part has a viscosity between about 5 rﬁf-MAY)R“M
and about 50 million centipoise, nmeasured_at 25C using a Brookfield

Vi sconet evsedvbtioevandspersireohiheshaot ans Allemeamisad itagineyen priisadaqgietsi t y
range assures that the rope of adhesive may be fornmed, shaped, and/or cut
with a knjfigeciitéf telahch@t flow. In one enbodinment, the first part of the
adhesi ve I ncludes an epoxy resin (e.g., a liquid epoxy resin), and at |east
one particulate filler,. in oportions required.tq achieye the desired
viscosity. The secokaltgdge agglegﬁgs yaresthee el Paesar @X]‘FFIF{S- %ﬂiégq‘he
second part has a viscosity between about 5 million and about 50 mllion
centi poi sgdhedBaSUneHidésig deberasapartt eshicldatiensiiiltanEBash SGestelyingd 4 he
second part is not nore than 30% hi gher or 30% | ower than the viscosity of
the first, part. In the one enpbodiment. the,second rt of  the adhesive
ol udes BOEPlerHS T B ATHETEL CanidR U BTl SO B oabertease i at ihe
particulate filler, in proportions required to achi eve the desired

vi scosi t ypoifthef inyeztipay whemnpoulithayctehgt Ypoinnederat @ty areholee rPmedyantagdmwut
causing significant premature reaction between the two parts and w t hout
encapsul at4 RV t b f i I -V jty,
he. Fao- o P R e P B R Gy 2V Oy 58
vertical borehole, a horizontal, porehole, or a horehole having an. angle
bet ween IBG WoHmEIXednunyssdiratera nwaénmgdmﬂ;e afﬁﬁkm barpels, apl MsuBicieniow
fromthe borehole The first and second parts can be extruded, pressed, or

ot her wi seyidédset Whitlopaigsitd D@ahhrrfial bhenrapef veptidadveetheadltiorelidled! and
rectangul ar, square, triangular, or other suitable shape. The rope may have

any suitahl e cross- i |.,di ameter, and any suitable | ength provided
t hat thquéﬁétlﬂ%(??lzgﬁtgFg%gmlles'at | east 10 tines its dianeter. \Wen a

wrapper is used, it my be a plastic filrﬁ netal foil, paper, or the I|ike.
The rope of anchoring adh8UINMARY OF THE BNVENTION to any size, depending

on the depth of the borehole. The proper anount of adhesive can be neasured

by the depth of theThopedteheinvention ibMiter&Rl {d AGwad-parpehentcalnicHoig
borehol e as far as possible, cutting the rope at the top of the borehole to

forma sl LN I . | ¢ p I | es
vary in &?%F%% frhglcgaﬁﬁs%?%geﬁ%&%%éﬁegﬁog %’r J?g%gegfr% e Osg %/eg?risgégﬁyglnogﬁlmse%gn t he
job site, to provide the optinmm anount of adhesive slug for each borehole.
Thus, t hdlexdbissform hayip giretiopfilengibitp meeans digmgtarrofra lanst Kbl The emmi ve
due to its shape, viscosity and axial honogeneity. The rotational and/or
axi al notisg-RhtARedNBBMs tah tHecHehticdlamehotify atihesigeid sieffi ciendy Wscous

that it does not flow, and generally does not deform, unless subjected to an external
force. Generally, this requires the adhesive to have a thick putty-like consistency, and
a viscosity of about 5 million to about 50 million centipoise. The rope may be
wrapped in a plastic film, but would be self-contained with or without a wrapper.
The two parts of the chemical anchoring adhesive are formed side-by-
side, or with one part surrounding the other, so that there is an interface between them.

The rope has a composition which is substantially axially homogeneous. This means



"driving tool, causes mxing of the two adhesive parts in the borehol ewﬁlﬁ&s
guring in the space between the anchor pin and wall of the borehol & &

the foregoing in mnd, it is a feature and advantage of the invention to
provi de a rope forned of highly viscous, two-part anchoring adhesive 5 ~

=, MpY 2QRatwhi oy oeal ll@eatti@e@lohﬁ tide tb@\lg?v\@f theqbpdothe zofidsitiorabeatiaer iy ehol e

W t hout spifllng fromthe borehole. is also a feature and advant age of

Consi St oIS BNHERSHS BrTL oS (RPCERAGHIES SHTER Gh o e CHAGE iont

hi gh-qual ity anchoring force in heavy construction applications, and which
can be cghmieoasnty axle stherdaxianigtitian along thebope.t &hipenbefestiatragcsiuggof he

job site. The foregoing and ot her features and advantages will becone
furth ' j il d i Rk f tl
pref or r e dapEarHERE he SopP PRSI fle St G BB oyt RS i g

and exanpl es. The detail ed description, drawi ngs and exanples are

i |1 ust r aslugecutdtorarthe kamelrppéti ng, the scope of the invention being defined
by the appended clains and equival ents thereof. BRI EF DESCRI PTION OF THE
DRAVINGS Fig. 111 I8 i GaroS@@Riesio ohifhidl L aginl 9B Yirkl p&PYSs o
essentially solid anchoring adhesive of the’invention, prior to insertion
into a borehol e, Fig. ilLustrates the hjghly viscous adhesive

conposi t VROSIEY Pefwee abapt % thm Pda é?bm HU ELIR0ISS, ANcastTedrtope. Fi g.
3 illustrates a borehole, and an anchoring pin held into the borehole,

usi ng t hesiigghByookfi€ldusisactheter, e odenPd5B | made bl Brvokdiedd EdgineetihkuSs.r at e,
in cross-section, a wide variety of extruded configurations for the two

parts of . ive RN T RTI ON OF
THE PRES EWQ%%E‘%%%Q%Pk}%ﬁﬁégﬁ%%ﬁp@gg%ﬁ%%@%&’%ﬁ@@%{ to a
rope of chem cal anchoring adhesive. Referring to Fig. 2, the rope 20 may
be woundceipwithtadknife sut will pphdowt dpgge emhndiment.the fnsiqartiobihe adhesivgsed.
Rope 20 of adhesive includes a first part 20, which includes a resin
conponeninclieded z R&GNIEsiadel., Miquibiepbxy resin)desd at leust g Bulaté Gileed
toget her and touching each other along an interface 17. e rope 20 nay be

wr apped gr 8}&%&16& Péqﬁ%ﬁftg LERRGe thd Bedreld \llggojsﬁy

The second part of the adhesive comprises a curing agent. The second
part has a viscosity between about 5 million and about 50 million centipoise,
measured using the same test equipment. The viscosity of the second part is not more
than 30% higher or 30% lower than the viscosity of the first part. In the one
embodiment, the second part of the adhesive includes a curing compound, a curing
accelerator, and at least one particulate filler, in proportions required to achieve the
desired viscosity.

The two parts are directly joined along an interface, without causing
significant premature reaction between the two parts and without encapsulating one

relative to the other. Because of their high viscosity, the two-part adhesive can be



The rope 20, when uncoil ed and extended in a straight |line, should have a

| ength to dianeter ratio of at |east about 4, preferably at |east appgﬂwqmﬂ
nore preferably at | east about 15. The rope 20 may have a cylindrical or
el-liptical cross section as shown in Figs. 4(a) through 4(c) (with that of
Fig. 4(apmpdoyns ivrasf epsidelfiowa venties] doschole,ssheaerantdrbarebolgdong borghaleal ity
of adjacent filanments as shown in Fig. 4(d), a square or rectangul ar

Cr oSS Sehiavipe ;ﬁ?a@!@%ﬂv@e Qﬁz%?%l;’ﬁndt 5080 Bodh Gertiall Bha Wit Bt spill or
Cross-sect1'om as own in Frg. , a curled cross-séction as shown in
Fig. 4(i), or any other suitable configuration. The preferred shape of the
rope 20 HQY’ﬂ@pbé@ﬂxﬂgh@éne extent, on the shape of the borehole into which
it isinserted. It is preferred that the rope 20 be configured so that

hi I 4 t )
roughly equal amouni;g ﬂésftcét?ﬁgé’%tg?gﬁpfr% e bt eﬂﬁﬁieﬁﬁ‘@?éﬁ%d?br SBespiskace

so as to face the wall ole at the start m xI ng. An exanpl e
of a preferred configuration.js shown ipn Fig. 4(a), |Lf only gne conponent
faces t h&irgeily joined tﬁ’igﬁﬁ‘ﬁé :Lgﬂ“? E9RE HfYo é%éu@’%ﬁaé%gew&tﬁ%ﬁﬁr@&ﬁpﬁ%nate

anount of that conponent renmins adjacent to the wall. 7 1 4. MAY 2003

The ropetrdghds, ar sihrpeunalsle cChAPOSThE espaithiagthade @ng WastaBIY ¢rdks-yecivimil st ent
and uniformalong the entire length of rope 20. This neans that the cross

sectional. shapes _aof_ rope hown . | ny ,0f, _Fi gs. a)-4(i n i ght
ot os otiabTRat andaryoRiiet BReTURE AR ujenyfor B Ibaiat bt 1§E10°
consi stent and unchanged along the | ength of rope 20. The interface 17

bet ween tiinesits dismettr Whdnsermpgepaused, 4t way badplastie filsngnetabfoil, pepenpe 20.
The adhesi ve rope 20 (excluding the wapper 16) should contain about 20-80%
by wei ght. @ 1gach of the first and second parts 12 and 14, based on the
conmbi ned weight of the first part 12 and the second part 14. Preferably,
the rope 20 contai about .35- 75% by i.ght of the first t 12 and about
25- 659 by viei ght - of BE HEPE GEHRAIPERE BHERiTG tasberat SbIpeatislio 35Y S5tk by

wei ght of the first part 12 and about 35-48% by wei ght of the second part
14, nostdgpeetiergbhythabdepth 57 %hdporahiodht Thke propef amsumparftadb2smedcabbat 43%
by wei ght of the second part 14. The rope 20 is surrounded on its side by a

wrapper @i s By TRy dRh R A% bérehbleM.c. aby MBHIA S ftbpe BAPSItoQhe bBEeHdIKE, and
is preferably a pol yethyl ene or pol ypropyl ene film™ The rope 20 of adhesive

conposition may be cut to desired | engt,h .to far ugs 10, ,each havi ng
endb 13 a5 78 pasTafio e Y aSpaar GRS BE I tedendls Th oot a ibp etk &
construction site, so as to formslugs 10 of different lengths

cor r espdangthgequel toathy ibogelhdp depthoflf Herkdrehelss vRaf iar dépth, the adhgsive mayr
instance, rope 20 may be inserted into borehole 32 in structure 30 as far

as possity et dNdhehR@ANoGHroak 16d8heBh KR oD fife, thrfaae i spliffih Behdurtl ug 10
whose | ength substantially corresponds to the depth of the borehole. A

G U M I Ry T S D
or 8 measuring and self-retentive due to its shape, viscosity and axial homogeneity. The
rotational and/or axial motion of an anchor pin in the borehole, transmitted from a
driving tool, causes mixing of the two adhesive parts in the borehole, and curing in
the space between the anchor pin and wall of the borehole.

With the foregoing in mind, it is a feature and advantage of the

invention to provide a rope formed of highly viscous, two-part anchoring adhesive



~ ~ May zoos pointed forward end 35. A typical driving tool uses rapid
r-otati onal notion to spin the anchor pin into the borehole. Sone d,\r]j&\qw%g}
tools enploy a conbination of hanmering (axial notion) and rotationdl
notion. The novenent of the driving tool, and consequent notion of the
anchor pin_34, causes disiptegratjon of the wapper_ 16 _and m xing of the
first parwhich eancbesesednn apyynyiar rnfmmailéf-@mgnab?rqhoa%wmthoﬁésm&inmo| e.
The wrapper 16 shreds and m xes with the adhesive parts and, to sone
extent, nBynaid Hdtehdle, M xi ng. The threads on the anchor pin 34 aid in the
m xi ng. As the anchor pin 34 is driven into the borehole 32, the entire
adhesive slug 10 is_hlended.into a,substantially honogeneous,m xture 18
which fills nost of tihalsggaadreganda ‘f?néﬂ&?rﬂﬁhep IYeBROR FPEAYads ARWP-RAF | s of

borehol e 32. The m xing action also causes substantial curing of the _
m xture Ilghcdhorihg atthasieRipechavirg aoetisterpicompésitiohldhebies eiel length, whieh f i r st

part 12 of the adhesive rope 20 has a viscosity of about 5 mllion to about
50 million centipoi.se at. 25C -preferahl y.about, 20 mlljon.to about.45

w1 on deetirscBas fafhies il andh AR PGt Ry Sirms 5ol eBRBRHA) on
centi poise. The viscosity is nmeasured using a Brookfield Visconeter, Model
DV- 3, nadsmbyhidhaakftieatud tEany desiredigngth on the jolysithorhedoredeachisgtthé gott h i n
the manufacturer's instructions. The second part 14 of the adhesive rope 20

has a visggsity of about 5 million to about 50 mllion centipoise at 25C,
preferably about 20 mllion to about 45 mllion centipoise, nore preferably

about 30 mllion to_abqut 40 ml]Jion centipoise.. The for ing viscosities
ensure that the fi rgge g‘i’fﬁgg@(goar?df ‘b’g‘F’E &awegﬁﬂgi‘qv%‘ggéﬁ WE]&]E’?C%Wé%Qg%I id
phase, putty-like consistency, allow ng the adhesive rope 20 to be cut, 9

1 4 MAY 24jairemambrons sthe, followidperdetaiteddelkeseriptibratofwithd , pleséntpy eprefdried)
flowi ng, spilling and ot her random deformati on of the adhesive conposition.

i xi ng of TREC PR 264 ohyBhel AP e A oA ERh e BRARERNTC |

and 14 should be close to each.other, and_are plref erably substantially
mat ched. ahestalled descrptions@awings ayd examplescain dlpsirativesalies thep Beu#BEoOr €
t han 30% hi gher or 30% | ower than the viscosity of the first part 12.

Pref er abltiie scbpe of sh® $ientioh bdirg skediasd byathe abpeh8edaldiBisearidiedquiz@Pénis gher
or 20% | ower than the viscosity of the first part 12. More preferably, the
Vi scosi tytthfeotfhe second part 14 is no nore than 10% hi gher or 10% | ower
than the viscosity of the first part 12. Most preferably, the two

1 sanng, S BARb ks UGUBRN OF A BIRSRE (e firet par
Fig. 1 illustrates a segment or slug of the highly viscous, essentially
solid anchoring adhesive of the invention, prior to insertion into a borehole.
Fig. 2 illustrates the highly viscous adhesive composition, prior to
cutting into slugs, wound up into a coiled rope.
Fig. 3 illustrates a borehole, and an anchoring pin held into the borehole,
using the highly viscous adhesive composition.

Figs. 4(a)-4(i) illustrate, in cross-section, a wide variety of extruded

configurations for the two parts of the adhesive composition.



2045% by wei ght of an epoxy resin, about 10-40% by wei ght of a firsf 4 MAY 2003
particulate filler, and about 40-65% by wei ght of a second particul ate
filler. Preferably, the first part 12 of the adhesive rope includes about
25- 35% by wei ght of the epoxy resin, about 12-25% by wei ght of the first

oo e’ ofer ity FETA RO el e
about 26-30% by wei gh*)ﬁﬁ Ie% ﬁg ' h; Mﬁf\)ﬁ‘ﬂ@f}lﬁ wei ght of the

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

particulate filler. Theeprperyinvestioniis diveetedr abhyrope! o ehémrRDMchoring
derivative. Novol ac epoxy resins are particularly suitable, and bi sphénol

epoxy resins are preferred.. articul ar sui tabl.e bis nol epoxy resin
is avail ab Sf%r#?%eﬁ@qg t@ﬂ:éﬁi%z]i‘g@?.e 2@%@{’%8'01”@ Up IRIR %‘gggmf”ﬁ%s‘t%lr%\%“e nane
EPON ~' 828. EPON828 is a difunctional bisphenol A epichlorohydrin derived

from | i quand epebe.unGrdue asut sabéd Rppx90 ofadhesivierintludes ARAtPATERY Gvhich
avai | abl e from G ba- Gei gy; and DER 331, avail able from Dow Chem cal Co. The

first pari] t i Y i S [ val ye_ of | east
about 50, s Sid Sxf i eBEeRERH B SO Bar PR e Lo Bind et e
filler has an oil absorption of at |east about 40, nore preferably at |east
about 50.jomred tgethgslaadftpuehing iepele pthes alogigan wacnlang 7. pahe repe@inay be
about 1 mcron to about 50 mcrons. One suitable talc f Iler is Talc 399

sol d by tReaNddakend itSeackmY¥eleant &lith £aAqeati on. QG her suitable talcs are
M stron ZSCfrom Cyprus Mnerals, and MP 12-50 from Pfi zer Chem cal Co.

O her suitable firs articulate fillers, .havi Simlar, parti,cl ize
ranges, include cal @PEFHI%P é‘l,nc&liigﬂcb?gag&%s‘?’laisé?}g}?tﬁ ea%hﬁ‘ﬁg?‘ V¢ and
the like. These other fillers are less desirable than talc. The second
parti cul aa éerigthl tor diametkzf fagioenf af teast althiti4,rpeferably ataleabieabmfti Hydmione t er ms
of U S. Sieve size. At |east about 70% by weight of the filler particles
shoul d hayefaablySat ISh@\Boal 28 T8EWSSE20 ChafMavkda of Ihsdrits] e el iRfageadsy. at

| east about 80% by weight of the filler particles, and nore preferably at

| east about ,.90% wei ght of filler, papti.cles..hay U.S. Sieve size
bet ween 1¥CHAY 338N0BL I?Fb&fr é&aértﬁﬁolugbrﬁ% @ﬂf}h{}{aﬁpil:ég? g)rg‘ﬂﬁg Wﬁéqqd't?a? es
opti mum extrusi on during manufacturing, excellent mxing of the adhesive
during ushrehded: orassiseemonfingudmgy anplutaidy , ok hdpdanhdilahentseasushppar 1116
during m xing, and excellent bond strength of the cured adhesive. Filler
having sigj '.ﬁ(dl)?atsgﬁé‘i‘é%tr_%cﬁﬁghﬁ’fQ%SS(SEQH‘@ﬂ a@sl%w@iﬁ\ﬁ%s?'é%é’))thﬁﬁﬁ HQ(@?
provi des good i'n-hole m xing and w apper shreddi ng, but causes extrusion 11

14 WAY 2003, andhor Lo TLAR B HISH G B U, ITRIAS S o B 0 0EST ve

Fig. 4(i), or any other suitable configuration. The preferred shape of the rope 20 may

depend, to some extent, on the shape of the borehole into which it is inserted. It is
preferred that the rope 20 be configured so that roughly equal amounts of components
12 and 14 are exposed at the surface, so as to face the wall of the borehole at the start
of mixing. An example of a preferred configuration is shown in Fig. 4(a). If only one
component faces the wall, the mixing is less homogeneous because a disproportionate

amount of that component remains adjacent to the wall.



significant anmounts of smaller particles (higher U S. Sieve size) provides
excel l ent extrusion and/or form ng during manufacture of the adhes ¢ MAY 20
facilitates poor in hole mxing, wapper shredding and bond strength of the
adhesive. Suitable second fillers contributing to in-hole m xing of Parts A
and B include silica sand, g|ass beads, apd quartz. One particul arly
suitable filler is dhgarape ?Q)&laé%a pé,arﬁgpmp@alt@&nwhé@} Arasupgteniiliand
No. |, by the Agsco Conpany. For this sand, about 89.4% by weight of the
parti cl escdiRiferd AHdSnifIrBVAosd 4R MEVRABHLE RPE 265 THiS nid¥eis A% tBRRagkment

t he second part 14 of the adhesive rope 20 includes about 5-20% by wei ght
of an am ne .conpound, peaning an am ne or _chem cal deriyvatjvye thereof but
not a terfechpyelshenpes OQEBGQO@SEQ@%%W!M igs- ﬂ@?—é(&e@frﬁ Weghhrtins aidh®ound,
meaning a tertiary amne or chem cal derivative thereof, about 1-23% by

wei ght of fja¢ ?&r& 30 dedrdecsnd phre 18] drk Stibsili AR enszen® Afel un cheh g aleh_gLahé econd

particulate Tiller. Preferably, the second part 14 includes about 10-18% by
wei ght of, th i ne_corpound, . ab -10% b i.ght of the tertjar m ne
corrpound,le’%tg‘&%!pgp?t@@b @1%&3@%‘{33 g?tbf‘ Wiﬁ@{p%grlgiad’éil %’FBngiplaFtef'zl %’én Hout
58-72% by wei ght of the second particulate filler. Mre preferably, the

second paht 1ddgthruf] thed espaPOuTh 2dhéiybyoveed @ ix cbiidihpehamirappeohpabod]ld about
1-5% by weight of the tertiary am ne conpound, about 7-12% by wei ght of the

first partie A kB¢ : 530 [

particul a (lfan ?f)g?tfidlgﬁﬁqﬁg@@?ﬁg?@%{ﬁ%ﬂﬁfﬁ@gﬁgﬁg Ca(r)%Zﬁf%ﬁg@SJa;s%dthe
d 14 I d h f ofill he fi

and Secorth e SEHEINCE EHEN! pF UE har Bert 326 e SREMAPHE [doreLmeb b hand

may or may not be identical to the first and second fillers in the first

part 12. rbpe 28nicigaieemboundsIStEbawegletusf the fagepirt dDcmdt dteult 25s65Pasg 12
and second part 14 have been m xed together. The tertiary am ne conpound

acts as ap_.a rator_ for curl . i i ] ounds
et ude anBaEet B Bhind @i b TG LIB335 R g b B IR
cycloaliphatic amnes, and the like. Preferred aliphatic am nes include
Manni ch Haswxl abows 3§118% Blyev wehieidhe beasadipark i.dnesf papleranly @bewsS T6.byunder
the trade nane ANCAM NE1856. Ot her suitable aliphatic am nes include

ANCAM NEIVé ghesfthANzé\paNELY 68d alouti4doh dytweeighaoy tirdeaend QAROLN dThe Aepaide
ANCAM NE110, ANCAM NEK61B, and ANCAM NEK54, all sold by Air Products Co.,

010 by AU PREIEEd 8 Rge S Bl 18 v MR Ry PR AATROR, |

(di met hyl am nonet hy] )F,henol ., To manufacture tre adhesi ve ri)pe 20, the
i ngr edi ed®¥, pAPeL 198 the hike, ang is proterably a polyethylene or polypropylene film.

The rope 20 of adhesive composition may be cut to any desired length
to form slugs 10, each having ends 13 and 15 as shown in Fig, 1. This cutting may
occur at the construction site, so as to form slugs 10 of different lengths corresponding
to varying depths of boreholes. Referring to Fig. 3, for instance, rope 20 may be
inserted into borehole 32 in structure 30 as far as possible, and then cut at the entrance
of the borehole leaving a slug 10 whose length substantially corresponds to the depth
of the borehole. 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



- can be mxed in a first mxer, and the ingredients of the secorkaMt'm“h
can be mxed in a second m xer. The separate m xers can be drum tunbl ers,
signma bl ade m xers, planetary m xers, extrusion mxers, press mxers, and
the like. Vigorous mixing, requiring shear without added heat, nay be

enpi oyed to ensure a honobgenous distribution of ingredients in each of the
first papbirted dodvardenselond typrdal ddvingiteof usestrapii rotationdh @GS tpspinn 12
and second part 14 may then be extruded and/or pressed adj acent to each

Gi o 1o T AR hR BE e UERHRIET So e MERAE S0 bR B At aflofl 90, 2

interface 17 between first part 12 and second part 14. Once the adhesive
rope hashbrerering (axdal metipmharskrotgienabmotionn wr apper 16 which, as expl ai ned
above, can be nade of plastic, alumnumfoil, paper or the like, but is

preferably made of T%el?ﬂé\\r’é?ﬁﬁftio'i‘ﬂ%&h/iﬁétd&'M%‘s%&n@h&@ﬂ@tﬁ@ﬁh%-
After being stored as a coiled rope as shown in Fig. 2, the adhesive rope

can be cut [nto indiyvidual slu 10, havi any desir si.zes, el ther, at
Che D S pinads GisEs Gl orERE S bR APy 16 ana SaTAL.CE fhh 63 Rart EX 268 o6 A
hi ghly viscous, essentially solid phase adhesi ve rope having the

confi gur gédopd f;ﬁlﬂtolﬁmd adifespe.shi dhdvidifia)thsvbsrghodpaTad wiappegl 6 berefdelandwi ng
conpositions for the first part and the second part, and a weight ratio of

part ¢ naftieo LBERRE I RE Bisat At ERaRR b B R bl 11t

stoichionetric bal ance of hardener in the second part to resin in the first
part. Unpagbe ancher gindé adhyn ftlae mixing: e Asrthepnshor ipin 3dcisodiiven dthetbeve,
and the anmount of unreacted hardener is mnimzed by this technique. The

first papbreRaft 30, \thé eMsretadhedivd Slugiilolis Bleneled in el %stéﬂiﬁd@q‘}cﬁﬁgé&?édushad a
viscosity of 40 mllion centipoise. The conposition was extruded into a

Gansi ty. PRyEs RGEHEY FF WRREOF iy absrEaibiebd SpbRB o MAERR et ¥ i o

slugs having a length of 4.5 inches. 14 1 4 MAY 2003 First Part
( Resi n) vaf borekiols ﬁ e ghiBREOAS 21 218 spres shbgtam algurRes ofijizemdomas ¢ 8399
{Whi taker, Cark & Daniels)17.30AGSCO Sand #1 (silica sand)54. 70Tot al :

100. 00 RepaAry Rlike HdamdRBERIMY Giihtl Botioleizht ANCAM NE1856 (modi fied
al i phati c am ne) 14. 67ANCAM NEK54 (tertiary am ne)l. 73Tal ¢ 3999. 33AGSCO Sand

pioe SaToLal, 100,60, 08 S ERL B PR PSS s ERRRERHAE 1 o
art epoxg/ -mbiilalfc?ndtol aitb%lljlit gO ?I?i?lieosni ge%%ipoise at 25°C, preferably about 20 million to about
45 million centipoise, more preferably about 30 million to about 40 million centipoise.
The viscosity is measured using a Brookfield Viscometer, Model DV-3, made by
Brookfield Engineering Co., using the procedure set forth in the manufacturer’s
instructions. The second part 14 of the adhesive rope 20 has a viscosity of about
5 million to about 50 million centipoise at 25°C, preferably about 20 million to about
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,



-sold by I TW Ranset JRedhead under the names Granite 5 and Ceram c 6. The
adhesi ves were evaluated using 0.5 in. dianmeter steel anchor rods, qchA‘{ 7003
0.563 in. x 4.5 in. boreholes formed in 4000 psi conpressive strength
concrete. The anchor rods had 1.5-degree tapered threads. The hand- operated
driving tool was run at 1600 rprn. Pullout strengths fi-omdry concrete at
anbi ent  cefpeeRbdr® otedrevisedsionadd at wilhbuopgeventily 1oWveny abilliag kad dthger tion
of the anchors, up to 24 hours. Pullout strengths were also neasured for
concrete_whjch Jhad been er t.er for 24 hours before and after insertion
of the aﬁ%‘}fb@.de&ﬂ’lag@? @ﬂgﬁ&pﬁgv‘e\/@?@p%l%nmasur ed for dry concrete which
was maintai ned at 110F for 24 hours before and after insertion 15 1 4 NMAY

2003 of the anchor §o fabBitpelrhautfacturieg of tie, twapaitt adhesive popd 20, dmd Jatemnds  of
force, were neasured using an Instron |oad tester. Table 1 shows the

| | out st. t ' h . § le 1. th
ot R B T Ut B0 RN RS SR PO o Bl SN P
Concr et e, Concrete, 110F, No. Adhesi ve4 Hours24 hour s24 Hour s24 Hour SEXP
2201( I nvbatdlese) toseamopthenoand agp preferrbliiGsubstertially matched. Generally, the
S2( Conpar ati ve) S, 9001S, 70012, S008, SO0Cer ami ¢ _ _
63( CompayakhyiB) 4thd QEdohdIRRi B4 SRALE b8R8 miSre THAVBORIAYer dr'%%!lﬁ%ﬁ’tlﬁhscous

rope adhesive “of the i nvention produced an anchoring force higher than one

of the prior, art |i.qui oxyY. esi ves, .and equi vV nt to another. In a
second sgle‘ﬂﬁcc?i’k%&fﬁl%ﬂfsggﬁér]fzg?pﬁﬁ%r de es‘ilﬁ"’lq%éw %&ﬁﬂ??‘i%‘rﬁ&a&fl PPt er ent
time and location, using simlar 4000 psi concrete, the sanme inventive rope
adhesi vemwas thews 26680 higheg o 129 % dowepthnadte vescogey safsha)firehpire 1@pokMorput t y
sticks manufactured by Devcon Co. and sold by Ace Hardware Corp. and

ot hers, Eﬁ;ﬁe mggg&g%&% oTRHE s@dbﬂd?%lx‘plbﬁ fib Hérrfé%xggg%gggﬁ{e?t&r?l’b%

Ger many. e utty sticks are typica r°repairs, and

are not ¢onsidered to be a nchori ng. adhesi ve. i nformati.on and belief,
the Hvi Jloxtiabing e dscqsiiyiodthe g}gw bﬁs@fﬁ%@&fﬁ%‘lb’é{le PXP dntcosItEsIargee,

i ssued to Moench et al. The HVLJ adhesive contains a |oose filler phase and
a |iqui dsulisearitiadly thbasmecont ai ned in capsules 16 1 4 MAY 2D03 di spersed
inthe filler phase. Both phases are contained in a cylindrical plastic

. Table 2 ] ;
wrapper. fable Sgﬂgﬁ %I?E%%l e !ﬁ?ét%'ragf?i 238£t8E Sﬁlﬁs‘éxﬁrgp o 83ic10bed MR

adhesi ves, measure ours in anbi ent ature concrete.

Tabl e 2:_Pul |l out Strengfhs (Pounds a e Adhesive_ 1Dry Concrete, 24
Hours4EX.235)'21§(.9/2 Vveshi 8@711f,géwﬁﬁé%pegéeuggbr@%m‘x@gﬁﬂ of a first particulate
(Conparative)5,3826Hi Iti HVTJ (Conparative)l2,538 As shown above, the
i nvent i vBllbd, ght pboutstb 65%a mpwesgiti of B vecavmrbatlaterfiller. Preferably, the first

part 12 of the adhesive rope includes about 25-35% by weight of the epoxy resin,
about 12-25% by weight of the first particulate filler, and about 45-60% by weight of
the second particulate filler. More preferably, the first part 12 of the adhesive rope
includes about 26-30% by weight of the epoxy resin, about 16-20% by weight of the
first particulate 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

10



‘hol ding force than the prior art putty sticks and simlar holding force to
the prior art fluid /capsul e adhesive system Wile the enbodi ment s} HMAY 11803
i nvention described herein are presently preferred, various nodifications
and inprovements can be made without departing fromthe spirit and scope of
the invention. The scope of the |N&(ent| on is indicated by the appended

clai ms, atie tadde mAranBRONTERS. £2Q v828hsadtﬂuecmmtbm@handly Adgpighlafohydrin

equi valents are intended to be errbraced t herei n. 1 4 MAY 200 VVE CLAI M

A rope of o] ®

conpri si naggg%?&%q@&g?%%l gh o aagfeeg}&fﬂeggllsnlml out %Qggﬁb@l%u ght
of a first particulate filler having an oil absorption value of at | east
about 30, awaithbdd fuom Libo ity m&@@ﬁg B}, aveidahde dropadve @hemaic] Cher, at

| east about 70% by wei ght of the second particulate filler having a U S.

Si eve size between I ng
about 5-20% by wei g@ g?gtaﬁh?gcr}‘lﬂ%% ﬂé?ﬁé@%ﬂg%qvghngll%%ﬁ%l% g{/ah\}éle ]biéft

tertiary am ne conpoun abou %, b ht of a first particulate
filler ha%li)‘?t)é 3Qpmgiapurg %H’rﬁt*‘ﬁéﬁh{éﬁ} %f- Vﬁ? oraklys ﬂ"&tfg"&f pagiculatg fHissdias
52-87% by wei ght of a second particulate filler, at |east about 70% by

wei ght of af b a%@@x%'ﬁt@n@iﬂat ik Aot #0) mmefe ;bxeﬂdrﬂgyat at atsh2\50. SDAE shigdteen
about 16 and 45 A rope of chem caI anchoring adhesive, conprising: a)

52- 65% by ri 5% ht af an
epoxy res %5&& }%% B\%‘."é f%&&r %?%%Pfﬂgcﬂog% gﬁfr (ﬁr‘g? h@t}an an
oi | absorptlon val ue of at | east about 30, .and about 40-65% by wei ght of a
second pasuitable sale fillariierlalag9 sakk bythaWhinkenyClagk gnDastels Ki/m@emim
particulate filler having a U. S. Sieve size between 16 and 45, inclusive;
and b) 35ofshitaeitdtd areMBtse IITIrpaY CyiSiasMinsialg 2880UP 1 150183 ght

of an am ne conpound, about 1-10% by weight of a tertiary am ne corrpound

about 5-1 ht a_ first rticulat ill haV|n

absorptio K@%Xﬁ‘gg 813&§¥tta o%ﬁ%lfém%% :tblﬁ) E%V“?ﬁo/g adhfleotlzg
second particul ate f| |l er, at |east about 70% by wei ght of the second

parti cul atasges, |1hetud¢aunlmgnacubsnatst @lass dieads, buhiom ity asbuclays anddhd5ike3 .
The rope of claim1, having a |l ength-to-dianeter ratio of at |east about 4.

4. The ropﬁesgfotﬁélaﬁmr}, arb Pokk l@gsidath I8 Mdtal®- di ameter ratio of at | east about
10. 5. The rope of claim1, having a Iength to-dianeter ratio of at |east

about 15. 6. The ro of claim i S S4 N per., 7. The
rope of claima1l, m@ﬁglsﬁc?%‘gpﬁﬁ@atgr@ﬁ So?c‘}m%ﬁt %0‘3%@‘\%% dlcﬁn\/\B?ght
rati os which are substantially consistent along the Iength of the ro 8.
The rope @ffingdainntearmscoiph-fsSisyeatout Adolcagosipnt gy dreighfeof ithes fil art
and about 2080% by wei ght of the second part. 9. The rope of claiml1,

conpri si NghrabRYshePd e RYU\RiSidie site bbtvden' 19 a3, iABHhsRROUPre28aB Y, by
wei ght of the second part. 10. The rope of claiml1, corrprl si ng about’ 52- 65%

by wei ght of, the fi.b par.t, a 3548% e secon rt.
et 50% by BignEnd Hle ntpiclel, haRa Brefirab i af eSS MR

cross-sectl on. 12. The rope of claiml, having a threaded cross-section.

13. The rY¥é mf vodighmﬂthdtﬁubmgamcimuémee erldss-Sevt ising. baweehkd roget Sof

claim1, having a rectangul ar cross-section. 15. The rope of claiml,

having a patgat L OPRniRCElis Wze Yaned NAcNIRBRs Obpfilrin durli¥h Nusing ur | ed

Cross-section. e rope of cl a| m 1 havi ng an 1 ptical cross-section.

18. The rope of cl aim whereln | egst. sore. of the first part and at

| east sormaerf%tcwneeewepmmaz é‘?@p ivgt ut“ﬁ’@‘ésﬁr‘ﬁ‘ﬁé@ 36908 angio9.

The rope of claim1, wherein the first and second parts each have a

Vi scosi t ytoef, sﬂ%ﬂdm oﬂtﬂd Wedb Fﬁi@ldt@imlifngﬁﬁnﬁhgI ammnbhpl@oﬁ@stréﬁgth of the
. AU, . AY. AsY. A&AY CA{LA A&9. A9h% A AQUfr. A& 9. A A 3. A

A 7NBGg4c31.Bed adhesxvc. Flller having significant amounts of larger (lower U.S. Sleve size)

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

11



"U xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] cTa] ca] ca] ca] ca] ca] ca] ca] ca] ca] daf MAY 1003
al calca]calca]calca]calcalcaljcaljcal® W halw h;

8} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 2w#( *58E?g

o dealealcolssbeatcal ol b cnlosh o shaacl ) cohastesd oo

ALY " ) #O####>33$$4984 wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] cidrdficen] sraponaisas] snadltalpasiced agher] Ud/[Siatcsikepprat OO oHBR& 7" | '
"((q(((((>)))<***+Z++, W, -Y--.~.}xsnid_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

In.. I?2IDR
o) cal o kephsabomial anbeal spberbunl ashse el AR bk em ARk Bl 7
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]cal
77F888A99)9;iebm1xfh;g, wrapper shredding and bond strength of the adhesive.
; <WE<=[ =" ===, >>>9?2??25@aAtP AL xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
B?CCC
ngct al cal cal cal cal cgliftle feah kel amibAlaAALEAL Gk 62PeRs HMTES
G GCGAHHHKI I'1.2JJJ- K d Z
2] oa] ca) eeglidl Eice AFRAAT LepOn B BAltE AL BRREA AT AL RN RIS B SR AMAN
NQOOOBPPP<QuQUQQQ RRRSDSSS} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca]f@ﬁ&mgamalssﬂd selica] @S CaPndays al, by the Apate & wtgadkT TEHUUUVE V
MVBEVWAIAKG XX ZZZO[[[/\\\}xsnid_Z]]ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca]

carce calgglggl cacetoopcalsal ol sabco cal el zal oo Sl calcol et LTS

] ca] ca] ca] caw]éca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] cal calca]ca]ca]cal =fff
1gzgg! holhBHSi. - i uiiiiiisjjk3kykk
lol 1111l Rn{vqgl fa\ W ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cha]ca]c”

a] ca] ca] ca] ca] ca] cahCthkCeHeCahbalitiditAfifeadeedhd Habin pP oF Ihélalihb s HepY 20V V) W W

wwx*y-yl I I Rn{vqgl fa\ W ca] ca] ca] c"a] ca] ca] ca] ca] calca] ] ca]ca] ca] ca] ca] ca] ca]

ga]lgoa/}[) ;a%l}éﬂlé a%é%éﬁg%%%}ﬁ@ ?% %g]a%lln%a‘l&rﬁgg@n & miadiBFP5h Ghine or

10%8& () - 10%& ()-, F(10%& ()- @i K- 14" 10%8& () - 4" 10%& dg)) 4" 10%& (f)
f 4" 10%h&chymical atiye thargopluinots tertigyirgning, abaitid. 141 ,{g&y(WEIgm 0
109%& ()- -4"10%& ()-*4"10%& ()- F(4"10%& ()- 84" 10%& ()-# "10%& ()-

pt uvwwix9 kﬂl&%ﬁalﬁé cofk @%[& hka%n%%rtiﬁ?tarﬁq(ﬁ@mr chemical derivative thereof,
L9410%bb& ()-ne6G 10%& ()- 44"10%& ()- Y UJBEWX91YF'10%& () -

dEnro1L %?vawouorég%ﬂ.@‘yé%fg%@f@%ﬁfswa@@f@ AR S SR L et ()

wW
second particulate filler. Preferably, the second part 14 includes about 10-18% by

weight of the amine compound, about 1-10% by weight of the tertiary amine
compound, about 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.
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“hdEWX91S/ Y" 10947& () -, F" 1099& ()- s*1090& ()-

F(, 100F7&' () - %" 10%T& () - #F" 10%T& () - abCl" 10%& ()-9' 10% ()- 10T 10T ; may 2003
1079t 10%T&’ () - 4nt 10%& () - 1Y"10%& ()- 1wl dEDCIF " 10% () -

"10% ()-3"10% ()- & 10% ()- sY10% ()- Y10%! ()-h;
dEDCIO! 3" 109 () - LnO%&' () - 109&: () SMLO%& () - 109& () - 3" 10%&f()-

- 82dEbCls@ M 10%& (The, f@stgudksecpnd fiterpmigthe econd part 14 are selected from the
3(3" 109%&’ () - 98" 109&’ () - #3" 10%& ()- 2WHYE (5xanlL 109% & ()-m 10 10

10@s 10‘V§'a1§1): g@&%o X% G ds th%%ﬁst%éﬁse(:bﬁd ﬁﬂléﬁ% tﬁé 'ﬂré%mf%hé%%&sl(vk'

T10% & W& ()-s"10% & ()- sY

E’?dEan1L310%& ( 109 & () z ocy () |_ m 109 & () - _1.Z"10% & (
*Y" 1096 &SPFPOR @ﬂd&p@&om%% ey er@lﬁ% toghe rit)armeﬁwbﬁéisrsop the'med
9&m' 10% &' () - 9#m 10 & ()- '10% & ()- ~dYNCL 10" 10"

107, 910%4it13: AT 1A commoRTA I8 M & ling OHOICE O REGHISI L g LalBHNC
9G' 109448’ () - 910%4&’ ()- L10%4& () - LYG 109 10944 ()- L', 1094& () -

' 0,
/ngYNclln art 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
Products Co. under the trade name ANCAMINE®1856. Other suitable aliphatic
amines include ANCAMINE®1767 and ANCAMINE®1768.

Suitable tertiary amine compounds include ANCAMINE®110,
ANCAMINE®K61B, and ANCAMINE®PKS4, all sold by Air Products Co., and
EPICURE®3253 sold by Shell Cﬁcmical Co. A preferred tertiary amine is sold by Air
Products Co. under the trade name ANCAMINE®KS54, and is a tris-
(dimethylaminomethyl)phenol.

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
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ol 10948 () - f10%H () - &&MLOYHE () - &Z" 1098 () - &YZ" 1094 () - &Z" 10%&)-
¢ I\ITdEYNCL *"10%4& ()- 3(ri 10%4& ()- 9% 109%&’ () - #nf 109%4& () - L! ni 10oA-RAY J003
M 1094& ()- !"Y'""' #) #* #+#dE / 10H 10HO 109%44& () - 6" 109%4& () - 310%4& () -
110948 ()- @"109%4& () -, "1094& ()- +#, HOHHH#>$SXY: | 10H 4" 109%g& () -

3"10%g& ()- ° 10%g& ()- @O0%& ()-3"10%& ()- & 10%g& ()-m 10HSS$SS4RRRRIE: /
10Hy3" 10pg 1) and sedeidfart) 14 #ay00@R b )extud88@RA(Or-pressdgsadipeett 16%ah( ) -
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10g<* * * +theshidenstituent adhesive rope shown in Fig. 2, having the mterface 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,
aluminum 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 into individual slugs 10, having any desired sizes, either
at the construction site or before entering the construction site.
Examples

A highly viscous, essentially solid phase adhesive rope having the
configuration shown in Figs. 2 and 4(a) was prepared, using the following
compositions for the first part and the second part, and a weight ratio of 4.3 for the
first and second parts. The reason for having more of the first part than the second
part is to maintain about 5% lesé than a stoichiometric balance of hardener in the
second part to resin in the first part. Unreacted hardener may facilitate creep of the
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 extruded 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.
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Talc 399 (Whitaker, Clark & Daniels) 17.30
AGSCO® Sand #1 (silica sand) 54.70
Total: 100.00

Second Part (Hardener)

Material % By Weight
ANCAMINE®1856 (modified aliphatic amine) 14.67
ANCAMINE®K 54 (tertiary amine) 1.73
Talc 399 9.33
AGSCO® Sand #1 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 1 10°F for 24 hours before and after insertion
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Table 1: Pullout Strengths (Pounds)

Wet Dry Concrete,
Example Dry Concrete, | Dry Concrete, | Concrete, 110°F,
No. Adhesive 4 Hours 24 hours 24 Hours 24 Hours

EXP 220

1 (Inventive) 15,900 16,000 12,500 14,450
Granite 5

2 (Comparative) 5,900 15,700 12,500 8,500
Ceramic 6

3 (Comparative) 17,300 17,900 13,500 16,300

As shown above, the highly viscous rope adhesive 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 rope
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 repairs, 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

16



@" 10%& ()-33"10%g& ()-FL' 10%9& ()- 10E FxFF G G&E: /
10G'10%9& ()-9F"10%g& () - Y'10%& ()-F"10%& ()- SY'10%& ()-F"10%g& (}
GGAHHHKI | dE: / 10+G' 10%g&' ()-,)Z"10%& () - &M 10%g& ()- s$Z" 10%g& ()T4 MAY 2003
"10%& ()-10%g& ()-112JJJ- KOKIK2KdE: / 10g 10gf: 10%g& ()- Y7"10%& () -
47"10%g&' ()- 2Z"10%g& ()-&0m' 10%g& ()- - 10%9& ()- 2K3K?KKK=LLLXY:/
10gLLMLOY; L hrcoSiS: ' 5 d0% - d QY8 dontinka%es §) 9B (et
LogL! l\/ql\/l\;?mc:a/ HOME filler phadQ¥@dth phadl¥Erel dontdmb@%E @) cylnaHe¥Ep(Astic
10gL> @™ 10%&' () - &L0%&' ()-S10%& ()-sYF"10%&' ()-sY"10%& ()- GsF" 10%&' () - XNNNQO
OOBPdE: / WU@PPI+Y" 109%& () - ~(Y"109%& ()- &Y"109%& ()- ~9$Y" 109%& ()-

"1 F"10% () - sF" 10%& () - BPPP<QdQr QsQ QUQYNC 10g 10 10

10Y: 109%& () - 4f 109&T4Ble 2 @ws]tﬂg/‘&vér)a%e hblcﬁr@%&r@lh for dachWfhfekadhesives,
uQQQ RRRSIEYNC 10g - 3" 109& 0%& ()- ., F 10%& ()-

100 ()= 0% soseseIone og LSl O: L0 (41 10% (-

Table 2: Pullout Strengths (Pounds)

Example No. Adhesive Dry Concrete, 24 Hours
4 EXP 220 (Inventive) 12,291
5 Devcon putty sticks (Comparative) 5,382
6 Hilti HVU (Comparative) 12,538

As shown above, the inventive highly viscous rope adhesive 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 invention. The scope of the invention is indicated by
the appended claims, and all changes that fall within the meaning and range of

equivalents are intended to be embraced therein.
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b2 A rope of chemical anchoring adhesive, comprising:

a) 52-65% by weight of a first part comprising about 20-45% by weight of an epoxy resin,
about 10-40% by weight of a first particulate filler having an oil absorption value of at least
about 30, and about 40-65% by weight of a second particulate filler, at least about 70% by
weight of the second particulate filler having a U.S. Sieve size between 16 and 45, inclusive; and

b) 35-48% by weight of a second part comprising about 10-18% by weight of an amine
compound, about 1-10% by weight of a tertiary amine compound, about 5-18% by weight of a
first particulate filler having an oil absorption value of at least about 30, and about 58-72% by
weight of a second particulate filler, at least about 70% by weight of the second particulate filler
having a U.S. Sieve size between about 16 and 45.

3. The rope of claim 1, having a length-to-diameter ratio of at least about 4.
4, The rope of claim 1, having a length-to-diameter ratio of at least about 10.
! 5. The rope of claim 1, having a length-to-diameter ratio of at least about 15.
6. The rope of claim 1, further comprising a wrapper.
7. The rope of claim 1, wherein the first and second parts are present in weight ratios which

are substantially consistent along the length of the rope.

8. The rope of claim 1, comprising about 20-80% by weight of the first part and about 20-
80% by weight of the second part.

9. The rope of claim 1, comprising about 35-75% by weight of the first part and about 25-
65% by weight of the second part.

10.  The rope of claim 1, comprising about 52-65% by weight of the first part and about 35-
48% by weight of the second part.

18



10% % & () -) d* d2d3dAdCdYdx X8/ 4nZ" 10% % & () - nZ"10% % & ()-nZ"10% % & () - nZ"
109% % & ()-nZ"10% % & ()-/K)E L/"!MA”UM
X" Yd" dadedndvddsS3/ 4nZ" 10% % & ()-nZ"10% % & ()-nZ"10% % & ()-nZ"10% % & ()
(/K E

X" XnZ" 10% % & () - dddddddsS7/ 4nZ" 10% % & ()-nZ"10% % & ()-nZ"10% % & ()-/K) E

X" nZ" 1006 % \ 9% % & 7"10% % & () -/ K)E
X' nz" 1glg/ % Zghé( §°pﬁ'§f%%‘?‘39 g?‘(‘ﬁ Zﬁ%fomfi%}czé%ggﬁ%%‘ddddmﬂng 10% 9% & (§)/ K))E

X nZ 192/ % £ gopezoﬂl: a%n% ﬁ‘a\fu)lg Pnrdiddd Bets-§daidg, 107 % & () - dddddddo?/ 4nZ" 10/

x nZ 109% % & ()-nZ"10% % & ()-nZ"10% % & ().-nZ"10% % & ()-nZ"10% % & () - ddd
ddde_?}%nz" Thniopeodeipn ] (ﬁ‘a‘ﬂlzg 3 §P0H WOISSERTOM 006 96 & () - nZ" 10% % & () - nZ" 10%
“9% & ()-nZ"10% % & (Lﬂzeeeeeex\@mz 10nZ"10% % & ()-)nZ"10% % & ()-nZ"10%

% & ()1hz" 10b6 sope of x '11ba%ing &recjangpliay gross-section.
X'eeee&e-edet T4/ 4nZ"10% % & ()-nZ"10% % & ()-nZ"10% % & ()-nZ"10% % & () -/ K
) E X" nP5.10%0 ke Spe)of 4kim Behaibeee trBdpdlar crésst@vién.() - | 109%$& () -
nz" 10‘V‘V& ()-/K)E X"EnZ"10% % & ()-nZ"10% % & ()-ee=ffflgzg|[:/4 °
p@@& @xe rope of cﬁlrﬁquﬁ@acuﬂed cYoskQdhdon( ) - W 109B& () -
f#lO‘V&S& £ 1098 -zgg! hohhhhhh| [ NA4 10$10$10$ ", ; 109%8& () -

T96Y" %S AS 10%5&' ()-

hhsi - ﬁ?. i |'[r£‘%\Me gﬁa w#%‘%‘%ga“e%%%g‘%%&“’m 10%t& ()-  10%& () -

TL3"1094& ( &( biifjlj,eENAA 1 0/# 0%t &

@& 1hbse The rgee o eri g <] Som b IR a‘f&téaﬁi%%%% : pscond

‘@B’ 1%%6(3)?‘1’088"?65}69&“ g ()- ' @B" 10%#&
Q j j qj rjisjjkebD+4B" 10%#& () Y'109R8& () - LY1L0URB& ( B"10%t& () -

QO/#&T hg ropeof glang: 1¢ Wheregkthr irstghd pcond Barimpgl havgagisgosity of about 5
1orm$&n(c9 abayy'59 oodbipg centipoisel 109R$& () - 9SS 109R$BE& () -

10%?$& O-11TTTTTTRavUu4B" f#1099& ()-3 1099& () - SS1098& () -
10989&' () - 10R$10R$10RS S; 109R$&' () - Rnopbsssé&t | [:vUAB" ) 10%& () - ' 1098& () -
#{A0WR' ()- SPI0W&E ()- nLOWR ()- ,$10%& ()-& ]Jttquuhvkvlv|[:-410%, ;
10989&' ()- , 7#10989& () - , YA#1098& ()- , 31#1098& ()- -:$109& () -
+10989& () -1 vmvnvzvvv) wf woA410% , 1099& ()- , 1099& ()- ,yl09%8& () -
, Lg109®& ()- 9', 1098& ()- 10940% wwwxx*y-y|[: A410% S; 1098& () - #109%& () -
TP1098&R ()- ,3-1098& ()- ,1098& ()- ,10%& ()- Normal" "Heading 13]c"
"Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
" Headi ng 73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Fontv'+
UC, z3_: 2A2HE NT1[ ' " ei ns-vz| ~l 948'. 7?A- KS\ =f Rn- yPORSTUVWKYZ[ \ W

; 25! +#$°/e&| (<*,.D/024z679; _=>@B2DEG 2KLXNBPUQSTWIAWYZ\ 1] ~"~O___<a" cc) dYdddd
ddee4eezgh| 1 Q kI Rn&t | vfwy]~ " abcdef ghi j kl mopqr st uvwxyz{|}~6Ti mes New
RomanAri al Courier New'h Root EntryWrdDocunento
" #$UR' ()*+,-./0123456789: ;
<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abg¢def ghi j kl mopqr st uvwxyz{| } ~

19



