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in which high strength fibers are affixed to the structures with resin or other filler
material, and then left to cure, is generally known.
Furthermore, other reinforcement methods are also imown. For example, U.S.
Patent No. 6,308,478 to Kintscher et al. describes a construction method wherein wire
25  rope is embedded in the structure alongside metal reinforeing bars so that adjacent
components can be connected together.

U.S. Patent No. 6,634,830 to Marshall descrlbes a method for post tensioning

wire rope to repair concrete pilings.

Disclosure of Invention

30 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
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The above and other features, aspects, 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 accdrding 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 alternate 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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the threaded portion. As is known in the art, a metal plate may be installed with the

25  nut to provide a firm seating surface. Such metal 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
epoxy 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

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

considered in design.
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D ameter Nom nal Strgqngtdm (| n) (Bams) 3J 16 2.14 1/4

3.77 5/16 5.86 14.8 | K383/ 8 8.394.318.6 | 22.9 32.7
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el ongation of the wire rope that occurs while under

| oad. Thlastwd steetelpisethe fedysprarybadmyation ©f shawtieaopé that oofurs while

o :
agq%}l;ifeh Gq%g/o ,%{hgl \%1]12? Eé{e'lfgéémﬁﬁ% efhic {1m1tnc9fI al?)ov‘% éd% of its ultimate
breaking strength will return to its normal length.

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

calculate elastic stretch is as follows:

_APxL
AxE

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 elongation 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 to or greater than the working load but must not exceed the elastic

limit. Post tensiohing is performed at installation of the wire bolt during construction
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A wire bolt that is pres-stretched can be installed by embedment i\n the
concrete during new construction or embedded in epoxy in pre-drilled holes in
existing concrete. 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 during an earthquake.

~ In one embodiment, a wire bolt is placed across the normal shear and bending
fajlure zones in concrete beams and their connection 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 vﬁre 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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In both Test 1 and Test 2, elongation of the wire bolt was 80% completed after
only twolcycles of 2500 psi. Elongation was approximately 99% at the 3™ cycle. The
elastic stretch 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 % during each cycle. This test
also proves that the epoxy connection will not fail under a cyclic load of 2500 psi for
the size of wire bolt. Therefore, wire bolts should be pre-stretched to eliminate the

initial constructional permanent stretch.
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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 return 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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2. The wire bolt of claim 1 wherein said elongated section of wire rope is pre-
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—_

2 stretched.

1 3. The wire bolt of claim 1 wherein at least a portion of said first elongated solid
2. attachment is threaded.

1 4. The wire bolt of claim 3, further comprising a nut attached to said threaded
2 portion of said first elongated solid attachment.

1 5. The wire bolt of claim 1 wherein at least a portion of said second elongated
2 solid attachment is threaded.

1 6. The wire bolt of claim 5, further comprising a nut attached to said threaded
2 portion of said second elongated solid attachment.

1 7. The wire bolt of claim 1 wherein said solid attachment is connected to said
2 wire rope by cold forming.

1 & The wire bolt of claim 7 wherein said solid attachment is connected to said

2 wire rdpe by swaging.

1 9. A method for strengthening concrete, such method comprising:

2 furnishing a wire bolt, comprising:

3 an elongated section of wire rope having a first end and a second end;
4 a first elongated solid attachment connected to said first end of said

5 wire rope; and

6 a second elongated solid attachment connected to said second end of

7 said wire rope;

8 coating at least a portion of said wire bolt with a substance to prevent the wire
9  rope from bonding with said concrete;
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with said concrete. 1 2, The wire bolt of claiml
wh8r ei The aneghad ofrdaimed TartharicappgFingheseR{RE | s pre- 2
stretc | At rekal wher ei n at

| east g?egsétfet][?}grrllg %—?&glg‘:ﬂggtf ??écthoglogﬁ)élgtrg%ésol id 2,

atitt achmbetmdtisod i daine@ wharein at Teast aporiobmifsaidffirst donga®d solid
further conprising a nut attached to said threaded 2
p@ﬁ@ql@twn@)fsqg@?ée@ rst elongated solid attachnent. 1 5.
The wi A

sg?d sé@gn ﬂté?(gé]fgcg%@d%eso id attachnent is threaded.
1 s6lid dteehmwientis ioksdedf cl ai m 5, further conprising a

nut attached, t i.d ded 2 portign of.said
sdéond Tg‘leé‘iﬁ]é‘?‘g?its@%}m %%ﬁﬁ%ﬁﬂﬂ?ﬁl{s&gfﬁe]&eﬁ%ﬂ wire bolt
of cl aiéimﬁng/mﬁcggﬂﬁ@g&tﬁ@té-d attachnment is connected
to sai 2 Wre rope by cold formng. 1 8 The wire

bol t ofinjettiignaitl adhesize mte adid seeket;:d att achnment is

connect e sai 2. Wre rope b '

met hod “_F&F@Pg SR 11??53%38 Bt lﬁ,sgfgﬁ%ﬁgﬁ‘é?’h‘_é"g‘. tl atLeasta
C?&Ridxﬁdﬂ&ﬁid se€orldUtatBREMGeRaik kfpddediandconpri si ng: 3

an el ongated section of wire rope having a first end
and a sednog andt to the exfosedtreadedpaities. sol i d

at.t achnent nnect,ed id first. {d 5wre
e o O EEUREn L e chloBhing e Repsdt ©
connectygdr §a0d sdticdive $ao Beke@bsblensioning said wire bolt.

Mifat%am AbotRAYS s@idReEdrdYlorhted




7 said wire rope; 8 coating at least a portion of said
wre bolt with a substance to prevent the wire 9 rope
wonrewomodi ng with said concrete; 8 WO 2004/ 07920/152004/006280
PCT/ US2004/ 006280 10 ﬁn?@ﬁﬁing~said el ongated solid
attachnments in said co using an 11 appropriate
adhesive; and 12 all ow ng said adhesive to cure within
said concrete. 1 10. The nethod of claim9, further
conprising the steps of- 2 pre-stretching said
el ongat ed section of &&re rope. 1 11. The met hod of
claim9 wherein at | §¢ a gortion of said first
el ongat ed sol i @» athnmem is threaded. 1 12. The
met hod of clai M9 whegs | east a portion of said
ngfnd el ongated 2 gi é;;ﬁtachnent IS threaded. 1
The net hod of ] further conprising the

- skBps of - 2 drill¥ng ;:’OCkEr‘Tn"rhﬁyconcrete 3
~iffecting said ddhesi V

-]

€ into said socket; 4 enbedding
y said firgt attachnent in said atihesi ve, such t hat
at— east a portion |df said secondj attachnent

r EMai ns explosed; and § lattaching a nut to the exposed
t ht-eaded portion. .1 14.{ The nmethod of claim 13,

f her conprising theg isteps of 2 after said adhesive
h&¥ cured, post tensidning said wire{bolt. 9 WO
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