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The present invention relates to a process
of eliminating internal stresses in wire ten-

- .sion members which are looped around  an

anchorage or an attachment member. - N

A -specific. application of the present in-
vention is to be found in the cables of sus-
pension “bridges. It is customary to form
such cables of a number of strands, . each

- strand being formed of a_continuous wire
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which is carried by a trolley back and forth
from anchorage ‘to anchorage until the de-
sired number of wire lengths for a strand

“have been spun. Each wire length is sub-

jected to tension as soon as it is spun and is
then looped about an anchorage shoe. When
the strand has been completed, the anchorage
shoe is inserted between a pair of eye bars

or other anchorage means and attached there-
to, after which it is drawn back by any. suit-.

able means such as an hydraulic jack to ad-
just the strand as a whole
tension or sag. -

However, internal stresses are introduced
into the wire by bending it around an an-

chorage shoe, which stresses are by no means

negligible even in cold drawn wire and which,

in the case of heat-treated wire, are so serious

as.to preclude the use of heat-treated metal .

for - the tension members of - suspension
bridges.

ticity and high yield point as compared with
cold worked products. When such wire is

bent -around relatively small diameters such -
as the.shoe. at the anchorage of the suspen--
sion bridge, a very high stress is introduced.
by this. bending in' the outside fibres of the . v ‘ certain.
i - amount, of heat treatment to eliminate -the:

- wire. - If, as would usually be the case, this
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bend were beyond the elastic limit of the -
). wire, 'the outside fibres would dlready be:.
“loaded with their fullest: capacity before any -

straight pull was applied to'them. The wire

would thus be placed under peculiarly bad
conditions in. regard to resisting repeated.
“:loading or corrosion. Pl s

It is an object of the present invention to

prevent any' accumulation of -stress at the
. bend inthe wire and. reduce the load on the-

wire at this point to the same figure as that

‘in the straight portions of the wire.

to a-predetermined
: « .~ ties of the

The - essential quality - of = heat-
treated metal is its high modulus of elas-

- now be described in connection with the ac-

. A more specific object of the invention is
to_subject: the wire to a forming operation
which - permanently  stretches the outside
fibres and permanently compresses the inside
fibres so that the forces across -any  section
will be zero, as they are in the straight por-
tion. of wire. In other words, although the.
wire is.bent, 1 '
the bending. The curved portion may then
be loaded by any load which does not change
its radius. of curvature without introducin
any other than the same tensile forces :Whic‘ﬁ
operate, on the straight portions. leading to
the curve. Lo T
-Another 6bject of the invention is to sub-
ject the wire to over-stressing whereby its
clastic limit will he temporarily lowered so
that. it may be subjected to a considerable
amount of deformation and after this defor-.
mation an aging effect will take place which
will-in time restore the full elastic proper-
wire.. It iswell known that heat-
treated: steel may have its elastic limits tem:=
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it is not under stress ue .to
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porarily lowered by subjecting the material -

to over-stressing and. that the full elastic
properties will be restored in time by an aging,

- effect. v

Ancther-object of the ivhifteﬁtib‘n is to sub-

(£ FR

ject the Iooped wires of the strand to heat

treatment after the strand, as a whole, has
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been subjected to final tension, S0 as to elimi-" -

nate any internal stresses which may still be -
present- in the members of the.strand.

-Still another-object ix to apply a protective
metallic coating on the loop end of the strand,
this'‘coating being applied in molten condition
at.a temperature that will insure a certain
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internal stresses which may be present in the:

wire and. to hasten the aging effect which
will restore the wire to its full elastic prop--
ertles.. .o oo - i T T

With these and other objects in view which
will ‘appear- hereinafter, the. invention- will

companying drawings and . thereafter the.
novelty and scope of the invention will be
pointed out in the claims. - R
In the drawings, . .~ . .
Fig. 1 is a somewhat diagrammatical plan -
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_-shoe, havin
- digmeter. "

_shoe 10'is shown
ripheral channel or.groove to receive wires
11 ofthe strand. *The choe is‘'rounded at the -

bieing' shown in the drawing.

view -of a strand anchorage illustrating a
process of preforming a loop in a wire hefore
it is applied to an anchorage shoe; -
Fig. 2 is a similar view of a different proc-
ess; _ - : ‘
Fig. 8 is'a:similar view of a'still different -
process; S . o o
Fig. 4 is a fragmentary view in perspective -
of ghe,anchorag& end of a completed strand;
Fig. 5 is a view in cross-section of a por-
tion: of:the anchorage shoe taken in:the: plane
55 of Fig. 4 and viewed in the direction

. of the arrows.

The simplest method of preforming a loop -
ini the wire before the wireis applied to the
anchorage shoe; is to seize’ the wire' length
adjacent the anchorage shoe in & suitable

 clap, after it has-been subjected to the req-
20’

nisite preliminary tension, and then fo form
a Toop in the wire by bending it around a stud
or pulley of smaller diameter- than that of
the shoe. The wire is thus bent beyond its

glastic limit, permanently stretching the out-

< side fibres and compressing the inside fibres

arid the dismeter of the stud is'such thet when
the wire is released’ from’ the stud it will
spring out to'a diameter equal to that of the

taken a permanent set ofsuch
heinternal stréssesiare thusover-.
come and, in tinde, the wire will resume its
original elasti¢ limit which was teriporarily”

lowered by bending it beyond its yield point.

_The ‘preformed loop is then transferred to
; the archorage shoe. : Co

Aniother process of preforming a loop off
requisite'diateter is‘illustrated in Fig. 1. In:
thisfigure; which is 4 plan'view, ar anchorage
which'is formed with a pe--

rear end about which the wires are to be bent,
that is; the left-hand end as viewed in Fig: 1.
The shoe 10°is temporarily secured in' fixed.

45" position by & hug or other means introduced-.
~through'an‘opening 12 therein, said meansnot

te]

As a wire length-is spun:dcross-the bridge
to the anchorage, it is subjected to:tension by

" any well: known means and then is clamped-

adjacent-to'the shoe 10 by means of'a clamp
15: This clamp may be of any desired form,
but is here shown as consisting of a' pair of’

jaws 18'and 14, the former being stationary
- and engaging one side of the wire while the’
“jaw 14 slides’in-the“frame of the clanip: and

may be adjusted against the opposite side of
the wire by means of a‘bolt 16. '

" Adjacent the shoe there is a fixed stud 17,

7 “which' carries @ pulley 18. Mourited on the

stud 17 is an arm 19 formed with a handle’20

~and on the'arm 19 are three rollers 21 These'

- rollers are relatively staggered soas to engage
_opposite sides of wire 11 and roduce reverse.
‘penids “therein ‘after the mannar of a wire

1,787,036

straightener. Thus, after the wire has been

clamped between the jaws 13. and 14, it is

threaded between the rollers 21, and the han-
dle 20 is then operated to swing the arm 19
with the rollers about the stud 17.. The roll-
ers bend the wire beyond its elastic-limit and

as the'handle 20 is swung around the stud 17,

the wire 11 is formed into a loop which passes
about the pulley 18.  In this manner the. wire

~1T'is bent into a loop which takes a permanernt

set, because of the overstressing produced by

the rollers 21. The preformed loop is then
taken out of the rollers 21 and off the pulley 18

and transferred.to the-adjacent shoe 10. The
wire length beyond the loop may then be con-
veyed, by the:trolley, to the opposite anchor-
age of the bridge where by the same proeess
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a loop is preformed in the wire before it is -

applied to the anchorage shoe. at ‘that-end.-

Thus the strand is built up of a number ‘of
lengths of wire each having a preformed loop
therein in which the internal stresses have
been' eliminated. R : EERAEE

Another system is showniin Fig. 2in which
correspondilig numerals are used to indicate
corresponding parts. . In. thig instance, how-

ever,the wire is subjected to treatment which

temiporarily reduces its elastic limit, after
the anchorage loop..

which it is bent around
Adjacent- the shoe: 1015 a support- 25 on

which is mounted -a-number of rollers 26.

These rollers are arranged in an upper and
a lower series, somewliat like the rollers of

a Wire straightener, so as to: produce bends’

in‘the wire: However, the rollers at the redr

end of the support 25, that is the left hand.

end, as viewed in Fig. 2, are closer together,
producing sharper bends in the wire ‘than

those near the right hand-end.- There-1s thus

atapering off of the bending operation so'that
the: wire, after passing through the:series of
rollers, isleft free of internal stresses.
erably, the support 25 is'made in two parts
which dre hinged together at one end as indi-

cated at-27 and are clamped together at the

opposite’end by means of the clamp 28.. The:
- upper series of rollers-26 ig'supported on the

upper section of the support 25 and- lower

series on the lower section.- The wire is then -

laid on the lower rollers and the two sections:

are swung together and clamped, causing the-
and-press

upper rollers to bite into the wire

~Pref-
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it over and hetween: the lower rollers. The -

“support 25 is then drawn toward the left as
viewed in Fig. 2'so as to subject the wire to
repeated bendings of such magnitude as toi.
exceed the elastic limit of the wire and by~
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such working: teraporarily to reduce brittle- -

ness or hardness of the-wire.- This done, the -
wire is seized in the clamyp:15:after which the-

support 25-is opened. Then the ‘wire may be

readily’bent avound the shoe 10 without intro- .
ducing any serious internal stresses:therein.
An gdvantage of thus working the wire be-

fore forming the loop is that the exact radius
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- takes place which restores the full elastic:
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over which the wire is bent is of no particular
importance and there is no danger of weak-
ness due to inexactness of the location of the
tangent between the strain portion of the wire

and the beginning of the curvature, After’

the loop has been formed, an aging process

properties to the wire.

Fig. 3 shows still another method of tem-
porarily reducing the elastic limit of that
portion of the wire which is to be looped
about the anchorage shoe. On the anchorage
shoe 10 is mounted a form 80, such as a pulley,
about which an incoming wire is bent. The

s Wire, after passing about the form 30, is at-

tached to a tension means 81, such as a block
and tackle, by which the wire may be drawn
up to the desired preliminary tension so that
it will lie parallel to other wires in the strand.
The diameter of the form 30 is such that the
wire on being drawn thereabout is bent be-
yond its elastic limit to such an extent asto
take a fixed curvature corresponding to the
curvature of the shoe 10. After the wire has

« been given this curvature, it is held in ad-

vance of the form 80 by the clamp 15 to main-
tain said preliminary tension in the main
body of the wire while tensioning means 31 is

released. The curved portion of the wire is

then transferred to the shoe 10.

The length of wire subjected to the bending
process by drawing it about the form 30 is
considerably greater than the length of the
curved portion of the shoe about which the
wire loop is to be fitted. - It is necessary, there-
fore, to eliminate the curvature in that part
of the wire which extends beyond the curved
part of the shoe. This is done by passing
the wire, after it leaves the form 30, in a re-

verse bend about a second form 82, also

mounted on the anchor shoe. The form 32 is
so located with respect to form 30 that the
length of wire from the point at which it be-
gins to bend about the pulley 30 to the point
at which it begins to bend about the form 32
equals the length of the curved part of the
shoe. The curve thus formed in the wire cor-

responds not only to the curvature of the shoe -

but also to the length of said curvature. Fur-

thermore the pulléy 80 is so positioned that

the wire will be.curved in the proper location
to coincide with the curved part of the shoe.

Fig. 4 shows the shoe turned at right. angles
to the position shown in the plan views Figs.
1,2 and 3 and secured between a pair of eye

* bolts 83 by which the shoe is seizedand drawn

€3

~backward to subject the strand as a whole

to the requisite tension. A stud 84 passes
through the eye bolts and also through the
opening 12 in the shoe. After the shoe has

been secured to the eye bolts, a metallic shield -

35 is fitted around the shoe over the strand
loop. The shoe and strand loop are then
heated and molten-lead is poured into -the

peripheral recess of the shoe around the wires

1n-a‘reverse bend about a second:form.

3

‘11 “The lead is maintained at such tempera-
ture and introduced in such quantity ‘as to
raise the temperature of the strand loo “to
approximately 800 degrees Fahrenheit; which
temperature 1s sufficient to draw: the temper-
of the wires so that if there be any internal
stresses therein they will be dissipated. The
lead.filling thus serves not -only ‘to’ coat ‘the
wires at t%lis point and. protect them froin.
rust, but also to bind them all together and
to heat-treat them, so as'to eliminate objec-
tional - internal 'stresses.  After this, the
strand may be subjected to the necessary ten-
sion' by drawing on the eye bolts 33 so as to
raise the strand to the predetermined sag of
the finished cable. T e
~“While particular reference has been made
herein to the application of the présent in-
vention to bridge strands and cables, and to
high tensile héat-treated wire, obviously the
invention is not limited to such wire nor to .
such application, but can be used in the loop-
ing of any tension member in rod or. wire.
form and 11 which it is desirable to eliminate
internal strésses. ~ 0 ST
~ Having thus described my invention, what
I'claim and desire to protect by Letters Pat-
entig: o R BRI
1. In the process of forming a stress-free
anchorage loop in high tensile wire, the steps
which comprise progressively subjecting’ a
portion-of the wire to reverse flexing beyond
its eldstic limit, and simultaneously bending
such portion of the wire to form a loop having
a permanent set, of predetermined curvature.
2.-In the process of forming a stress-free
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anchorage loop-in high tensile wire, the steps' -

which comprise drawing a portion of the wire'
under tension about a form to progressively
bend the wire beyond its elastic limit and give:
it a predetermined fixed curvature, and draw-
ing a part of the curved portion of the wire
© 3. In the process of spinning bridge cables
of high tensile wire, the steps which comprise:
progressively subjecting a portion of the wire
to reverse flexing beyond its yield point, si-*
multaneously bending ‘such:portion of the

110

wire into a loop having a permanent set of

predetermined curvature, and transferring
the loop thus formed to an anchorage.
4. In the process of spinning bridge cables

15

of high tensile wire, the steps which comprise "«

drawing the wire under tension in one direc-
tion about a form to progressively bend the
wire beyond its elastic limit, drawing the wire
in the opposite direction about another form

120

to eliniinate, from a portion of the wire, the . -

curvature produced by bending the wire
around the first form, and fitting the remain-
ing curved portion of the wire about an
anchorage. ‘ : "

8. In the process of spinning bridge cables
of high tensile wire, the steps which comprise
bending a portion of each length of wire into
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aloopyapplying molteri metal about theloops:
thus-formed, maintaining the. metal at a.pre-
“determined temperature sufficient: to relieve
internal stress and artificially age the wires
-y and: allowing the metal to.solidify about the
¥ wire.loops. . <. o Sl
© 6. In-the process of:spinning bridge cables .
of:high tensile wire, the steps-,which»comprise :
bending a portion of each length of wire be-
yo yond its: elastic. limit into'a loop of such: di-
mensions that when released:the loop will ag-
sume a-fixed form of predetermined curva-
ture, transferring each loop thus formed to
an anchorage, applying molten- metal about -
© 18 the-loops, maintaining. the metal at a prede-
' termined temperature sufficient to.relieve in- :
ternal stress-and artificially age the: wires,

- and allowing.the metal to solidify about the
wire. loops. S . S .

s 1 In the process.of spinning bridge cables
of high tensile wire, the steps which comprise
bending a portion of each length of wire-be-

yond its elastic limit. into a loop of such di-
‘mensions. that. when. released the loop will
o5 assume a fixed form of predetermined curva-
ture,, transferring each:loop thus formed to
. “an anchorage, preheating the wire loops, ap-
_plying molten metal about the loops and an-
chorage, maintaining the metal at a prede-
g¢ termined temperature sufficient to relieve in-
ternal -stress and. artificially age “the wires,
and allowing the metal to solidify about the
loops and. anchorage. Ll
-~ 8. In the process of anchoring high tensile
-gs Wire, the steps which comprise subjecting the
™ wire to a predetermined tension and simul--
 taneously drawing a portion of the wireabout
a form.of such diameter as to bend the wire
beyond. its elastic limit and give the wire a:
predetermined . fixed curvature, drawing the’
wire in:a reverse bend about a. second form to
straighten a portion of the wire. curved by:
drawing it about the'first form, and fitting:
the. remaining curved. portion of the wire
about an anchorage. LT .
. In testimony whereof, I have signed this o
 gpecification, : i oo _ B
S . . ALFRED V. og-FOREST. . - .




