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Wre Bolt Technical Field This invention rel ates

generally to reinforcenents for building structures,

and nore particularly to structures in seismc

regi ons where building codes dictate that 5 these
structures be protected agai nst structural failure

and/or to save lives of occupants. In particular, the
present invention relates tWiieBdlf e bolt system for
reinforcing structures to increase their ability to

wi t hstand sei sm c forces. Tddagicwl Figld bolt system can be
installed in new structures or retrofit into existing
struct 45,68,vcHRGn r&&@é SBherhily &Nel@c8heRs F&J #ifhd Qrftures, and
wire bolt systemthat “provides additional to

r miord partiemferty $o fstrctares drissisinng repions ovhere buBdiak godendictate that
Art Concrete and other simlar substances h(%ve been

k% SHREFTRS b R3PLepiglyA8ash SEucielpite ABI/RRP efaVRoliyes of
TR ERL© Thpd KRR, ifle RGR RREIRK AT 1PLOGRERM: Bstem for

conctet e and concr &t e- e structures, cracks, volds,
areihfhicapustestueantodavehspthei ability tdl ithstand sssmicabteess The wire
Th robl em of . cracking or of defectiye.joints in
claqitc%éﬁeél @ feobaed s G%SEWG%OHeﬁeﬁh@é? prising structures. The
p@r@één@ Uh3ntiohh 8o b REC O £ WirE UiV sGstbh BRI Si6VREs dditional
trenmendous forces, such as during an”earthquake, |arge
cretdirscments foren existing sfragtitgre  of the structure can
result. The reinfor cemenb OII grﬁegi sting structures
conpri sing:concrete such 1 di ngs, bridge
colums, piers ridges, and the like by the use of .
sheet Genclite and ol S&Pﬁ@rﬁ“ﬂ_ﬂ@’i’?%@?&%g??’i‘y kg and;peed for maiy
;geafsx &ehvevet, B8 radticd Bbi ffer¥atdlis (A&h T Ble g&%;?‘ﬁ&ticfﬂ dr'fedcement of
terial, and then left to cure, is generally known. )
Fwntdeter androenciotehldite staichfres; ceacksn tvoivdst asldissaree cah dovelop causing

knaown. Fqr, exa e, U.S. Patent No. 6,308.478 to0 .

PG mabiar o Tt proipeel Febhe! ol SR ity n conorete
WiERR iVh kGurc@8f Eiebrl. InpaRRAREdvien 4 dbRichtd stalcHir€ is subjected
al ongsi de netal reinforcing bars so_that adjacent

de igtngadaus ferges, secleaiieg sl cplyBrke dargeicgek patdssyien fgfal failure
%f?ri)’ed'su%%&ré gan%&ﬁ@al | ,descri bes a nethod for post

tensionrng WTe rope to repair concrete pilings.
Di scl G&er sifbreemean toif opreS0stitgn stactiren sotmptismegnconcrete such as

concrete nenbers and, attaghnents_to.them of other .
Fatldres s Féﬁlﬂf%ﬁﬁ%_@rﬁ%aﬁ%ﬁfhﬁ Aice bydhs psq @&1 gt material,
BR\GibtE Bight s%_@ngﬂﬁtﬁo&s AR MixBE\ #eP@ructures with resin or other filler

+ material, and then left to cure, is generally known.

Furthermore, other reinforcement methods are also known. For example, U.S.
Patent No. 6,308,478 to Kintscher et al. describes a construction method wherein wire

rope is embedded in the structure alongside metal reinforc‘;ing bars so that adjacent

* components can be connected together.

U.s. Pateﬂt No. 6,634,830 to Marshall describes a method for post tensioning

wire rope to repair concrete pilings.

Disclosure of Invention

Connections between concrete members and attachments to them of other

_materials for structures located in seismic regions have resulted into a major new area

of structural design. This invention focuses on the use of wire rope with or without



10

15

20

25

30

of structural design. This invention focuses on the

use of wire rope with or without end attachnents

placed in new or retrofitted into existing concrete
structural nenbers. The wire bolt provides an

additional |evel of structural redundancy in areas -

of concrete nmenbers where failure is caused by a

suids pitechmeatst platirk ihnpent Poaetrafittedp pitp ceistingt omwety structural
new gdesi and.constr.uction.and for .retrofitii j nto.

R bR Hhe U bR ALE ot Bl F Ll i aveos -
CAtoRErettSRBmbes 3ptd FAMrE O EAKEEBY aS@isiic Gvelle STE invention is -
procedures, except to be used in addition to them The

wipplicabls to othl neverdesign and sensdigoiagn end the remftiies dnipagdsting
fﬁ’ifll ed and the steel rebar bond has been broken and '
SHPFEES n tension and shear. The wire bolt is designed

to remyenwRE 3ol Gisdibdcduigdiemt caanle HE:dSR S8difoE 6 Murrent seismic -
maintain its bond wth the concrete, and hold the

dlesige praceduroy expept to be pgedioadgiic to|therst The pirabelg il remain

c i gher, degre '
el oS SRR B b B0 5 Mol ASSHRA ek i and
@Xiedah t@ikiohhad Bi&s.eThe Wiredoltiiodesighe) t@Mintin alavid @rdaghbut any
for use in a_structure of a"new buil ding_that
seiFmicopvEal mabtaly Hy bppd aviiytheroncigionagd hold thesHiustire together -

e . IS 13 r
e BBk aGIHER (PR AAMBHE dobtec oF e S8 qooupants than
etistngdasizn dadlconsstiemmeftiods. t he building is conplete.
It 1s_another: ogjge t of the present inventian %}o .
pr ovi GelsAnphigctif] 1he JYeteaiIvaRtiop T Brvids: @ YHth Polf feF use in 2

LB r&\ai-&%ﬁgﬁit iR a6 SEBMdcek Ihd BudiB b Sind GhnSiB RA Gl seismic

structure,- 2 ereby providing greater resistance to
ceamg gecliar danegrthqeadkiesmi ¢ event. Brief Description of

t he awi_n The .aho and other f.eature as -S .
and ab/amEges ot Thf Bt sl g ARRARLSA of o wire
BOINSYsER efkrithe PRIEnBcaipletd.n rel ation to the

follow ng description of enmhodi nents thereof shown i

the abdomsahsyiohipctiebihe MersentiAvamHpR fo Prayide agvirg bekk évﬁerg for a
(\%nrc?et%) I(?)llélfnldﬁglqggr' gﬁ%g{wdee“rgﬁf&baﬂer% gPtiﬂ@ %C??ss ehd su%%og gttrlécture,-

Imven OWS a Wre t used as a c
therdny pedvidiog gemen tesistaoe ¢ dandge dutihg apeiesdnévent.

“invention; FIG 3 shows a floor slab reinforcenent !

accordi ng to the prrS$ERbcriptivanl i@ Dravimds 4 shows an
alternate floor slab reinforcenent according to the

Pr esefhe abdie iz 8ihet RAturéd)dspects, and advantages of the present invention-

are considered in more detail, in relation to the following description of embodiments -

thereof shown in the accompanying drawings, in which:

FIG. 1 shows a wire bolt embodiment acco'rding to the present invention;

FIG. 2 shows a wire bolt used as a concrete beam reinforcement according to
the present invention;

FIG. 3 shows a floor slab reinforcement according to the present invention;

FIG. 4 shows an aliernate floor slab reinforcement according to the present
invention; and

FIG. 5 shows a test device used to verify the present invention.
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FIG 5 shows a test device used to verify the present
invention. 2 Best Mde(s) for Carrying Qut the
Invention Referring to Figure 1, a wire bolt design

consistent wwth the present invention is illustrated.
Such wire bolt, indicated generally as 10, consists of
a section of W|re a30|d steel_

Figure 5 1, attachnenfs'15 16 may be solld‘plaln or
thre adﬁdfeyhxytb Eigm'el lo asviod bait designt dvasistene withtib@piessht fosention

Tha etk muiohavine bt gndigee a%f?%migi% b coRifl ob o Stion of wire
% g 15 QR P¥orkidick G ﬁéﬂn‘I&t 0% 1Rkl t?c;héa%g e%%ﬁ’a%srkﬁo n in Figure

I's known 1 n the art O:errre attacmg
nhyattaehrmedsl 15 kaenmgﬂmohoﬂnﬂrnlammmadad ﬁogmeetldns of steel that are

it e gl ovrerpe 1do ARG Beor Fruh T g Efihens 15, 16

aht @ g[?'ﬁhaéh%d 16 %@ﬁﬁ’é %lbé"l?} S fhHing BE Rl LAINGE swaging, Whlch

Opti on y, the attachnent "portions 15, 16 may i nclu
an kappndprihetai y0$hez euethods aBattachingt mayp a‘v@eﬁsed h eTI‘@ocmbodlment
Inapr .erred, e o he wirero g *11,]%
cséawadn iR 15in dhob i RRGEN ot G Hitesh inches

1 LGS 0 s vt o
Z)ptﬁmalay; dh@fat’fa'Ehﬂlem patibmd 15, d@mdyeintlnde ah hﬁdophbmelljrg;lzed nut 18,
initial nstr on at l.oc ons suscepti bl e
'fla?:tﬁw oL RER Ol Qin'é'awre Feed 156 %Pléxwe&rt @63@%& @0#!061013 is coated
%hﬁpa WistaRodio J;%nt mﬁﬁﬁemﬁ #eoslicRge. Or near

e support c umms wher e s ear str SSes nmay cause
cr ackiWige balh &0 wan be bepldtin eanarietly 96 apyelicationy fudt asdhoen in Figures

Pormit fr o e, ol o be e e el SR RGR ey, ocations

. @Bacepith1S O Wilukd sidhoAl Bsar $hdbsttom oBddnEREKBS0rSiMYHeB@racks

dee enough to extend sufficientl beyond t he
tform Ao tmpding, obnest @rsuléﬁﬂl‘% ey Fhess ghear gtresses may -

RGESHEIAT, 47537 A 008 MR RIGE, r
e fittinpg aoéookblemsﬁmheﬂ fintmh legtekmmd \oif rthe &uﬁéret@ﬂmam or column, as.
%ﬁé@g@eﬁ%ﬁé 80 £ &Sk ahondbe deempronsh f?rﬁftSPd sufficiently.
BLAA tHBWhIRE: die! qg’?oﬁ? o 6tﬁbrtshﬁatﬁo5 afMitsivieGs B:[g??cglfﬁ%@the socket -

fiTmseating surfa Such netal plate can
fuhdig hwinei tiofit is heseetddye The fviteHwlichnulddtessuffidientietgih tqpéxdenel to the .

Do e e B B BB o0 Sl B St o
teltBRASS Morfisn.r ARGs kAGKE il fhdtarC 2in 8 pl&RANAYbd Btalled with the -

present invention, as shown in Table 1. Wre Rope has
nvido iproide i spaingsuniaen $pchmactal plate can be left flush with the edge

of the concrete. The metal plate can be fixed in place by a suitable adhesive, such as

gpoxy and the like.
There are several sizes of stranded wire rope cable that can be used in the
present invention, as shown. in Table 1. Wire Rope has two kinds of stretch within its

elastic limit. These are its elastic and constructional stretch and both must be

considered in design,
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constructional stretch and both nust be considered in
design. 3 Table | Wre Rope Capacities D aneter

Nomi nal Strength (in) (tons) 3/16 2.14 1/4 3.77
5/16 5.86 3/8 8.39 VY2 14.8 9/16 18.6 5/8 22.9 3/4
32.7 7/8 44.3 1" 57.5 5 Elastic stretch is the
tenporary elongation of the wire _rope that occurs
while under |oad. TH&S rvg'rerv\%’ﬁg Cepaqiiest below its
elastic limt of abput E;C‘}’ ef—+ts—u-Apt e breaki ng
strength will retur[P3PES 4 Negy ?tr?”@h’gth. The el astic

stretch is proporti anam)to the I'd ‘tines the length

of wire rope and ipvwersely—propert+enal by its

nodul us of el asti ci ¥y by drea 3'Tje equbt-i on used to
to calculate el asti ”%etchis feoHpws: AL APxL
AXE AL= Change of HengtgigAP=—thange in | oad

on rope L=Length ué;Jc A=Netgigrc—argea of rope
EModul us of el asti cftygqE5 Constrggttong stretch is a
per manent el ongati ot og;gthg W r@sgope. [This

3/4 32.7
7/8 44.3
1" 57.5

Elastic stretch is the temporary elongation of the wire rope that occurs while
under load. The wire rope if kept below its clastic limit of about 60% of its ultimate
breakjng strength will return fo its normal length.

The elastic stretch is proportional to the load times the length of wire rope and
im;ersely proportional by its modulus of elasticity and area. The equation used to

calculate elastic streich is as follows:

_APxL
A% E

AL

AL=Change of overall length
AP=Change inload onrope
L=Length of rope
A=Metalic area of rope

' E=Modulus of elasticity

Constructional stretch is a permanent clongation of the wire rope. This
permanent stretch starts immediately when the load is applied. This is caused by the
strands adjusting themselves into the small voids between the strands and their seating
onto the core. The normal length of constructional stretch is approximately ¥2% of the
length of rope under load. The constructional stretch for short segments of wire can
be removed in two ways, pre-stretching and post tensioning. Pre-stretching the load
should be equal fo or greater than the working load but must not exceed the elastic

limit, Post tensioning is performed at installation of the wire bolt during construction
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permanent stretch starts imedi ately when the load is
applied. This is caused by the strands adjusting

t hensel ves into the small voids between the strands

and their seating onto the core. The normal |ength of
constructional stretch is approximately V7, % of the 20

| ength of rope under |oad. The constructional stretch

famd is ised olggneng witefboli ioepregietch dhe wimsviepe partiopowhich is then

retchlng and post tensioning.
m%aiefﬁ‘é%ﬁ "Phe Toad should be equal to or greater
than th %Mc}ﬂ Rotah SR thebdth cBAIBE iRelllce it 86 dritistihasbhdete in a
limt. Post tensiohing |§1£erforrred at installation of

thaeieipi ofagipdicatiatar i Ty ewhedded eitpdments helpvias widlete llew te same

|nthe re bol re-stretch.the '
aparirimet ah it bt Derd i ERorpE i, R Ep | dob it on
ApncAtGhl Rk CiBtansd PecihPsiml kask iofl Mewrial cbeddddign. The
concrete’ina variety of applications. The enbedded

allttadmmsnoﬁ slb:ehwl:lons wf pilthteatl| (GwB@)hated gpds have sirength based on

%@ﬁgﬂtd a %ﬁb%to %%&?%%bgg%ﬁ]d@?%gﬁ%\%&g F])Jé\ E&{sfon has

%@éh teéRd 2 JEBhREdad beFRafdRmrdes and foa avaialga(ai’HTEIBSeStoOifne same
short sections of allthread (A-36) steel .rods have

sepasify provideddsrein T@ilez%fcar@alb@ﬁ!ﬁ@étﬁa AP00 pHiconstplengt h of
epoxy enbedded threaded stud in tension has., been
tested and docunent gghidy TREMH8 AUsRBnBNd ONn aver age
are close to the sane |0 capacity provided here in
Tabl e 2 for dnieOeEnf | EmgddEnPSI| comepiitg. Tpble 2
Threaded Attdchnents| Rod Size Enbednent Capapity 3/8
4-1/2" 2,835|# % 4t1/2" 4,360 # 518 5-5/8"| 7,545 #
3/4 6-3/4" 9,|73%/F /8 4¥e8" 10,59 885#" 9O 14, 890
# 15 Awire Holtxthal is 4t/#s-striet cheeb0cgan b
instal | ed by [entséinent irb-8/8fe concr ét®5during new
construction orrgfgrrbe ded ?%fgpnnx | n1 | ed hol es
in existinglco et A MNHet of [t h b portion
of such wi rg bot ¥ shbuld b8 coatdd #48%0%, 0n gondi ng
to the concretein order to allow the elastic :

propent igs 8l the W 5fs-sh Qi Saf'th! Gl B3 LhSMAS: in the

concrete during new construction or embedded in epoxy in pre-drilled holes in

D

existing céncrete. A part of the wire rope portion of such wire bolt should be coated
to prevent bonding to the concrete in order to allow the elastic properties of the wire

to move dﬁring an earthquake.

~In one embodiment, a wire bolt is placed across the normal shear and bending

failure zZones in conérete beams and their cormection to support columns, as shown in
Figure 2.

In a second embodiment a wire bolt is installed along a concrete floor slab
where it attaches to main support beams, as shown in Figure 3.

In another embodiment, a wire bolt is used to tie a floor slab to a CMU wall
as shown in Figure 4.

A series of tests was performed to determine if a wﬁe bolt, when post installed
in existing concrete, could withstand the forces associated with a seismic event. A

test stand as shown in Figure 5 applied cyclic loading to simulate the effects of an
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20 In one enbodinent, a wire bolt is placed across the
normal shear and bending failure zones in concrete
beans and their connection to support colunms, as
shown in Figure 2. In a second enbodinent, a wire
bolt is installed along a concrete floor slab where
it attaches to nmain support beans, as shown in Figure

3..25 1ln ang f ' ' ' ! ;

o efBaydtodh S o AGRATRF e rdthlfont el s B ap i e
A wk& bes vafl rbest & y@Emaper ftoorigital gositishe riffiso,ethist weuldi preve the
bol t, when_paost_ i nst.al in existing concrete, could

. ed :
wi 0Ky g enchivers bplclodiold Brfeatian aficonprete Lge FgRpal failure
A daseshown in Figure 5 applied cyclic
Iooggﬁéon?}g@;'?‘rm gte the effects of an 5 earthquake in
order tThedet emaricneductedttheleteoming rwhat, iiHanys peeasioni deformation or

elimnpated, and i.f the.wire bolf. wWll return to nornal
o el g P ot FBrighte' FenCo bttt {eBatiR PRvd Ypifgiure 5
alaidtd wireQlorfEmedd oM wite bolld enitedbal iltd sbcieRodn @RSendfwith the other
concrete together after normal failure of the )
c oAd piiached ok Bydsalic test pHinden sThe e delaf o8t lysowas applied and

q 7 : , .
S0 e Wieno G flte (B REFRRSH oRTCTORT oF B Gltope. The
t elsformttiond vesdsowervoided Fegplr dink at t mexisnwwe rlead eanido tive dpeomanent
W re bolts.enbedded int ncrete.o ne end with the
0 E’l‘ma% I%Y’a%ﬁéngedgafﬁgﬁﬁﬁqﬁngéo @#ﬁe]g’ftg'cyl i nder. The
same | oad of 25001bs. was applied and then returned
to zero[60 tinmes to sinul@lerasi fageh! ¢ | oad of an

eart hquake. The |0 glgfviaddnefudiaal Sikecied each tipe
at maxium | oad and the pexgmpepsi defornmation, if

any, wag_Jecorded after returning to 0# load. Wre
Bol t Tef;;o-lc() Akl s &hConstructionaI Stretch at 2500
psi - Elast}L ratg: - structional Stretch 0.5
0.4 c1 0.3 HQ
0.4 lg
1
1
5% 031
TE -
&w | —
& £ o2
{
1
0.1 -
0 S8 000 06004V 0L R 0000 VPR M L LA 0  aadaad)
1] 10 20 30 40 50 60
Cycle Number

In both Test 1 and Test 2, elongation of the wire bolt was 80% completed after.
only two.oycles'of 2500 psi. Elongafion was ai)proximately 99% at the 3% cycle. The
elastic strefch went from 0.49” and 48” to approximately .3” in one cycle, and then
averaged only .25” after the 3 cycle. This indicates that after a concrete and steel
failure the wire bolt will only allow a separation of ¥4” during each cycle. This fest
also proves that the epoxy connection will not fail under a cyclic Ioad of 2500 psi for
the size of wire bolt, Therefore, wire bolts should be pre-siretched to eliminate the

initial constructional permanent stretch.
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Nunmber In both Test 1 and Test 2, elongation of the

wire bolt was 80% conpleted after. only two cycl es of
2500 psi. Elongation was approxi mtely 99% at the 3rd
cycle. The 15 elastic stretch went from 0.49" and

.48" to approximately .3" in one cycle, and then

averaged only .25" after the 3d cycle. This indicates
that after a concrete and steel failure the wire bolt

wi || omlilyofahd faatoss witheheage with diffetond lengilis iand)sieescdf wire rope and

cycle, This test | so, proves at .the e

c Siaclod i it o Ao PP PRet By of e REH gressisd
psi for the size of wire bolt. Therefore, wre bolts
shoul d pepre-stretched [ .foife8as e the 20 initial
constrycti onal perg?#gggs%r&h&lﬁ ni shlekcrof the factars
will change with difterent 236]59!5 3and sizes of wird
rope and ~Phr efedeStsicds. PRI ts can be

pr edi cdt edsbasmektoionslsetret hods presented. Wre Bolt
Test 2 |El astic vs Constructional Stretch El astic
Stretch at 2500 psi -+- Constructional Stretch 015
0.4 " O.BOg e COWOM v 0.2 0.1 - H O

0.4

JENSEAT)

in .1 inch
Q (=]
] (<]
1

Deflection

e
-

S

v Ty T T Y YTy ry

VOV T VT TR ITOTIIrTIVrIYITYY

10 20 30 40 50 60
' Cycle Number

(=]
f
4
b:
1
b
&
4
k4
4
4
b

o

Industrial Applicability

The wire bolt provides an additional redundant load path for concrete
structures and helps to prevent loss of life. The test demonstrated that elastic stretch
was achieved after a permanent deformation in the wire bolt and would re’curﬁ to zero
after each cycle. It is proposed that it be used in both new construction and in existing

structures by retrofitting them by drilling and epoxying them in place.
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V=)

s fur

0O 10 20 30 40 50 60 Cycle Nunmber 5 Industria
Applicability The wire bolt provides an additiona
redundant | oad path for concrete structures and hel ps
to prevent loss of Iife. The test denonstrated that
elastic stretch was achieved after a permanent
deformation in the wire bolt and would return to zero
after each cycle. It is pro aeg that it be used in
bot h new constructi on and igii%¥sting 10 structures
byWER iy ik isng t hem by drilling and epoxying themin
place. 7 Clains Wat is clained is: i bol t
fdr st Aewigt MRIMORFTSISheapgor F@P@H@Bﬁ%@?@ Sasdawe &s?lF gomprising:

<GB A OO 285 il i

havi ng "a st en

el ongah ekt slohgaledddid ahtrgmient ocnmectedd st sl aldfof sad wanedope;
of said-wire rope; 4 and 5 a second el ongated solid
af®@chment connected to said second end of said wire

6 1 ope, sdbRd SlbRafedolii @ASdhnRnPYNh Rl 1Bfsaid3bcbniich of SREwire
|s coated with a substance to prevent s the wire rope

f raps Weteiiing with said concrete. 1 2. The wire bolt of

el aim 1 hef £l &kl bOARRLESBEE e Wip 8RR preven

wher ei the &ﬁrequ&sm'om bpmhtag mth(smdsandetéj rst el ongat ed

lid 2. th
of o aTh e el oo HBPEIA ot e AR ALY Idr o
thieaded 2 portion of said first elongated soli d
attachnent. 1 5. The wire pbolt of claim1 wherei

| Bast Bhgywire bathofsaimal whastchpagiaggianed saig ﬁgﬁﬂqlcalgated solid
aﬁtia?%ﬁ@fﬁnéthie%déd" eaded. 1-6. The wire bolt of claimb5,

er conprising a nut attached to said threaded 2
pérti dmeomrsmlﬂommm fiatthen geumeribingot v attechad benssit thrended

7. Th bolt d sol i d
et e donsdiegeet Bl 5"\ Te " Gpe by col d

f 9r m Nphe wire bolt of claim 1 Wherem at least a portion of said second clongated

solid attachment is threaded.
6. The wire bolt of claim 5, further comprising a nut attached to said threaded

portion of said second elongated solid attachment.
7. The wire bolt of cléim 1 wherein said solid attachment is connected to said
wire rope by cold forming.
8. The wire bolt of claim 7 wherein said solid attachment is connected to said
Wwire rdpe b)f swaging.
9. A method for strengthening concrete, such method comprising:
furnishing a wire bolt, comprising:
an elongated section of wire rope having a first end and a second end;
a first elongated solid attachment connected to said first end of said -
wire rope; and '
a second elongated solid attachment connected to said second end of
said wire rope;
coating at least a portion of said wire bolt with a substance to prevent the wirc

rope from bonding with said concrete;
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1 8 The wire bolt of claim7 wherein said solid
attachnment is connected to said 2 wire rope by
swaging. 1 9. A nethod for strengthening concrete,
such method conprising: 2 furnishing a wire bolt,
conprising: 3 an elongated section of wire rope having
a first end and a second end; 4 a first elongated
solid attachment, connect ' I LSt -5ai.d 5
wire r lée,%ﬁlélﬁéa ¥ O%gggﬁgg%%@ﬁ%g%@%ﬁsso |Cgﬁ§t%¥egj::s nt
cgﬁmgﬁ{a@adh@siﬁ@hﬂdsecond end of 7 said wire rope; 8
codati'ng at least_a portion of said wire bolt with a
subst aaioevingsajst adhesive ta@UGHERIN S§dCERESr om bondi ng
\th 'edm&ﬂgf&ecflﬁﬁlﬁfal%e?@&'ﬁ}?l%il@thé@éegs &t ongat ed
sol'id attachnments 1n’said concrete using an 11

appr opgre-atretclidg esidl vlengaadisetBomd] vuw regesai d adhesi ve to

cure within said concrete. 10. The h f.claj .
ot1.f ur Meapeopa et I sgpfon s cuflelfyone
Sai noatadesection of wire rope. 1 11. The nethod
o?'{ac}fng%@h 9 V\,he?ei n at least a portion of said first

elbngathednesived of clamd Whermimer leasta nopfwfsaid sgoond elopgafed
nmet.ho f ¢laim9 erein at least a portion of said
s%’i@ﬁgacﬁfrbeﬂ{glgtﬂgaade?hsol id attachnment is threaded. 1
183. ThEhemBdthabDofaflaind Qifutier cépdsiey the stapy 9f5i ng t he
steps of. 2 dLiLIing a socket in the concrete; 3

i nj ectdHinsagogkeldh G SPEYCIN 0 sai d socket; 4 enbedding

onl Y Saieetidel daftt adBb4isHnbRad dodkéai d adhesive, such that
at least a5 portion of said second attach

r enai rambssidiog enly saiddivet affeshiedit Higald alesive S%ﬂ@ﬂé% kadd
LI £, POELL A chddhe b BbRGE, @ cf & m 13,

er conprising e steps of 2 hfter sai d adhesive
has cuitachingosit to éresixposed ghrszded paitios. bolt. 9

14.  The method of claim 13, further comprising the steps of:

after said adhesive has cured, post tensioning said wire bolt.



