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TIE FORMED OF STRESSED HIGH-TENSILE 
STEEL TENDONS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

This is a continuation of application Ser. No. 
07/489,330?led Mar. 5, 1990, now abandoned which is a 
Reissue application of US. Pat. No. 3, 96 7,42] issued July 
2, 1975. 

This invention relates to a tie formed of stressed 
highqensile steel tendons. 

It has already been proposed, in large construction 
works, to employ stays or other free, normally stressed 
ties in the form of assemblies which are similar to 
prestressed cables, that is to say bundles of tendons 
(wires, strands or steel bars) surrounded by a sheath 
filled with a hardenable protective material, in general 
a cement motar. 

One disadvantage of the known embodiments of this 
type is the practical impossibility, after the installation 
of such ties, of modifying their length, which, for 
important permanent structures such as cable-stayed 
bridges, is an essential requirement for a long period, 
sometimes several years. 

Since it is quite impossible to act on the tendons 
locked in their sheath, the only course available is to 
act on the anchoring devices which connect the tie to 
the structure. This can be done by adjusting the posi 
tion of the anchoring devices employing shims of 
suitably chosen thickness. It will be noticed that this 
implies imposing an over-tension on the tie in order to 
insert the shims before the anchoring devices are al 
lowed to bear on them. 
These known ties have also another disadvantage. In 

their free portion, the tendons making up the tie remain 
rectilinear but at the anchoring devices powerful lateral 
forces are exerted in order to hold them in position and, 
in addition, the tendons are frequently splayed out into 
one or more conical groups. This imposes additional 
stresses on them at the points of ?exion, and reduces 
their resistance to fatigue. 
A ?rst object of this invention is to overcome the 

disadvantages mentioned above by providing a tie 
whose length may be suitably adjusted without it being 
necessary to impose, an over-tension on the tie and in 
which the consequences of fatigue at the anchoring 
devices are reduced. 
Another object of this invention is to provide a tie 

made up by a plurality of stressed steel tendons en 
closed in a protective sheath ?lled with hardened 
material, said tie including, at its ends, anchoring de 
vices for the transfer of the pull of the tie to a structure, 
and the said sheath forming a conduit whose ends are 
?xed securely to said anchoring devices, the said con 
duit being isolated, throughout its length, from the 
structure so as to be capable of sliding longitudinally 
with respect thereto. At least one of the anchoring 
devices incorporates connection means for the active 
part of a tensioning apparatus, and also includes means 
for hearing against the structure. This bearing means is 
adjustable on the anchoring device in the longitudinal 
direction of the tie. 

Thus, after an initial stressing of the tendons and the 
?lling of the conduit with a hardenable liquid sub 
stance, the tie forms a rigid unit, the length of which 
may be modified by tension on at least one anchoring 
device and by displacing the associated bearing means 
along this anchoring device. 
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2 
Preferably, at least one anchoring device includes an 

externally screw-threaded cylindrical extension and the 
bearing means is a nut engaged on the screw-thread. 

Still another object of this invention is to provide a 
monolithic tie having an increased strength: in such 
advantageous embodiment, the tie conduit consists of a 
thin sheath over most of its length, whilst, towards each 
of the achoring devices, it is constituted by at least 
one strong and rigid tube, ?xed securely to the tendons 
by means of the hardened protective material and rigidly 
connected to the corresponding anchoring device. The 
ends of the tie are therefore reinforced by the presence of 
these tubes, which compensates for the local weakening 
of the tendons due to their deviations from a straight 

' path. 

A further object of this invention is to provide an 
advantageous embodiment of the above mentioned tie, 
wherein the anchoring device at one end of the tie, which 
is equipped to receive a tensioning apparatus and provid 
ed with the adjustable bearing means, is also provided 
with ?xed means for attachment of the corresponding 
ends of the tendons. At the other end of the tie, the other 
anchoring device is directly applied to the structure, and 
it is arranged for the tensioning and the anchoring of the 
tendons. 
Thus, when the tie is placed in service, since the two 

anchoring devices are applied against the structure, the 
tendons forming the tie may be tightened, starting from 
the second end mentioned, up to the desired pull in the tie, 
a?er which the sheath and tubes are injected with the 
hardenable material. When an adjustment of the length of 
a tie becomes necessary, usually because of a certain 
creep of the steel tendons and of the concrete, this can be 
effected using the anchoring device provided at the first 
mentioned end of the tie. ' 
Of course, the same end of the tie may be arranged both 

for the stressing of the tendons and for the adjustment of 
the length of the tie, or both ends of the tie may have 
provision for the length adjustment. 

In a preferred embodiment of this invention the 
anchoring device includes a cylindrical, screw-threaded 
axial extension, and the adjustable bearing means is 
constituted by a nut which is applied against an annular 
bearing plate. In order to facilitate the positioning of the 
tensioning apparatus, preferably a hydraulic jack, the 
cylindrical extension is advantageousiy tubular and 
includes ?xing means, for example a screw-thread, for 
one of the two parts of the tensioning apparatus. The 
other part of the tensioning apparatus, which is then 
applied against said annular bearing plate, is hollow in 
order to permit rotation of the nut. 
The invention will now be described, by way of 

example, with reference to the accompanying drawings, 
in which 
FIGS. 1 and 2 are, respectively, sectional views of the 

two ends of a tie in accordance with the invention, said 
tie being in place in a structure, and 
FIG. 3 is a schematic elevational view of an example 

of the‘application of the ties in accordance with the 
invention. 

The tie shown in FIGS. 1 and 2 is composed, in its 
intermediate part, of steel tendons l enclosed in a thin 
cylindrical sheath 2 carefully ?lled with a hardenable 
material in the hardened state. This material, which 
may be a cement mortar or a polymerisable plastics 
material or a mixture of these two, binds the tendons 
together and to the sheath 2. 
At each of the ends, respectively A and B, of the tie, 

the sheath 2 is replaced by a strong steel tube 3 of the 
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same diameter. in order to ensure the splaying of the 
tendons and to permit their individual fixing in an an 
chor plate, the tubes 3 are connected by connectors 4 
to strong tubes 5 of slightly greater diameter than, but 
which play the same role as the tubes 3. By their inter 
nal shape the connectors 4 ensure the correct bending 
of the tendons. The tubes 5 may be replaced by a 
frusto-conical tube connected to the tube 3. 

Like the sheath 2, the tubes 3 and 5 are ?lled with a 
hardenable material which may be the same as that in 
the sheath, or if necessary stronger in order to ensure a 
better connection between the tendons and the tubes. 
For example the hardenable material in the tubes may 
be epoxy resin or epoxy mortar. 

In the case of FIG. 1, the anchor plate 6 is traversed 
by the tendons 1 individually and these tendons are 
held against the external face of the plate 6 by grips 7 
of any known type. 
The plate 6 is securely ?xed, by screw threads on its 

periphery, to a tube 8 which is applied on the end of the 
tube 5 and which is screw-threaded externally through 
out its length. This external thread receives a nut 9 
which transfers the pull in the tie to an annular bearing 
plate 10 and thence to the concrete forming part of the 
structure to which the end A of the tie is connected. 

in order to protect the grips 7 and the ends of the 
tendons 1, the tube 8 is provided internally with a plug 
32. 
With the object of permitting an axial displacement 

of the tie, the latter is isolated from the concrete 11 by 
a tubular device 12 the variations in diameter of which 
correspond to the diameters of the tubes 3 and 5. 
A sealing joint 13 prevents the penetration of water 

and foreign bodies into the gap comprised between the 
tubes 3 and 5 and the tubular device 12. 
At the other end B of the tie, an annular bearing 

member 15 is welded to the end of the tube 5 and, 
against this member, rests an anchor plate 16 pierced 
with individual holes 17. These holes ?air outwardly in 
order to receive individual anchoring wedges 18 for the 
tendons 1. As before, the assembly of tubes 3 and 5 is 
isolated from the concrete by a tubular device 30, 
which permits variations in the length of the tie in the 
concrete 19 forming another part of the structure to 
which the end B of the tie is connected. 
The use of a tie in accordance with the invention will 

now be described with reference to FIG. 3 which shows 
schematically a bridge suspended by stays. 

It is known that, in such bridges, the girder 20 fortn 
ing the deck of the bridge is carried by at least one 
tower 21 by means of stays T1, T2... which are disposed 
parallel to one another on each side of the tower and 
have a fan-shaped arrangement. 

In this example, the ends A of the stays are fixed to 
the tower and the ends B to the deck girder. This dispo~ 
sition may be reversed. lt is also possible to arrange the 
end A in such a way as to permit in succession the first 
stressing and then the adjustment of the length of the 
stay at this same end, the end B then including a ?xed 
anchorage. 

In order to put the stay into service, the nut 9 is 
adjusted to the outer end of the tube 8. With the grips 
7 in position, a pull is exerted on the tendons 1 by 
means of a jack whose body 22 bears against the plate 
16. This stresses the tendons by pressing the annular 
bearing plates 10 and 15, respectively, against the con 
crete in 11 and 19, that is to say in the case of FIG. 3, 
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against the tower 21 and the bridge deck 20, respec 
tively. 
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When the level of the bridge deck is correctly ad 
justed, the sheath 2 and the two sets of tubes 3 and 5 are 
?lled with hardenable material through an injection 
opening 23 at the end B, air being vented through a 
vent 24 at the end A. 
When a readjustment of the length of the stay be 

comes necessary, the operation is performed at the end 
A. The body 26 of a jack is applied against the annular 
plate 10, whilst an extension 27 of its piston is engaged 
in the internal thread at the outer end of the tube 8. 
When the jack is placed under pressure, the nut 9 is 
freed and it may thus be progressed along the tube 8 a 
distance which is just sufficient to adapt to the neces 
sary extension of the stay, for example, in order to re 
establish precisely the original shape of the bridgedeck. 
The invention is applicable to all structural works 

employing ties and especially to cable-stayed bridges. 
I claim: 
[1. In a tie constituted by a plurality of stressed steel 

tendons, enclosed in a protective sheath ?lled with 
hardended material and including, at its ends, anchor 
ing devices for the transfer of the pull from the tie to a 
structure, the said sheath forms a conduit whose ends 
are ?xed securely to said anchoring devices, the said 
conduit being isolated, throughout its length, from said 
structure so as to be longitudinally slidable with respect 
to the structure, at least one of said anchoring devices 
including connection means for the active part of a 
tensioning apparatus and also including means for bear 
ing against the structure, said bearing means being 
adjustable on the anchoring device in the longitudinal 
direction of the tie.] 

2. A tie according to claim [1] 5, in which at least 
one [anchorage] anchoring device includes an exter 
nally screw-threaded, cylindrical extension, said exten 
sion receiving a nut and constituting, with an annular 
bearing plate, said adjustable bearing means. 

3. A tie according to claim 2, in which said cylindri 
cal extension is tubular and is provided internally with 
?xing means for one of two relatively movable parts of 
a tensioning apparatus, the other of said parts bearing 
against said annular bearing plate. 

4. A tie according to claim [1] 5, [including] 
further comprising, at one end, an anchoring device 
provided with fixed attachment means for the corre 
sponding ends of the tendons and, at the other end, an 
anchoring device directly applied against the structure 
and arranged for the tensioning and anchoring of the 
tendons. 

5. A tie [according to claim 1]. constituted by a 
plurality of stressed steel tendons, enclosed in a protective 
sheath ?lled with hardened material and including, at its 
ends. 

anchoring devices for the transfer of the pull from the 
tie to a structure. 

the said sheath having ends fxed securely to said 
anchoring devices. 

the said sheath being isolated, throughout its length, 
from said structure so as to be longitudinally slidable 
with respect to the structure, 

at least one of said anchoring devices including 
connection means for the active part of a tensioning 
apparatus and also including means for bearing against 
the structure, 
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said bearing means being adjustable on the anchoring 
device in the longitudinal direction of the tie, 
[in which] wherein the [conduit] sheath comprises 

a thin sheath over most of its length and, towards each 
of the anchoring devices, at least one strong [and rigid 
envelope] tube securely ?xed to the tendons by the 
hardened material and rigidly connected to each of said 
anchoring devices [or to a bearing plate for the an 
choring device] 

6. A tie according to claim 5, in which each of the 
anchoring devices comprises an anchor plate pierced 
with openings for the passage of the tendons and the 
ends of the said tendons are anchored near to the 
external face of the said anchor plate. 

7. A tie according to claim 6, in which the [rigid 
envelope] strong tube is constituted by at least two 
sections having a diameter increasing towards the adja 
cent end of the tie, said sections being joined by a 
junction provided internally with a rounded portion for 
splaying the tendons in a conical pattern, said tendons 
passing through the anchor plate individually and being 
anchored against the external face of the latter. 

8. A tie according to claim 5, in which the [rigid 
envelope] strong tube is constituted by a cylindrical 
part which is connected to a frusto-conical part, for 
splaying the tendons. 

9. A tie according to claim 5, in which the burdens 
ble material inside the [rigid] strong tubes is stronger 
and more adherent than the hardenable material inside 
the thin sheath. 

[10. A construction structure comprising a plurality 
of stays extending between a couple of points of said 
structure distant from each other, each of said stay 
consisting of a tie constituted by a plurality of stressed 
steel tendons, enclosed in a protective sheath filled 
with hardened material and including, at its ends, 
anchoring devices for the transfer of the pull from the 
tie to the structure, the said sheath forming a conduit 
whose ends are ?xed securely to said anchoring de 
vices, the said conduit being isolated, throughout its 
length, from said structure so as to be longitudinally 
slidable with respect to the structure, at least one of 
said anchoring devices including connection means for 
the active part of a tension'ing apparatus and also 
including means for bearing against the structure, said 
bearing means being adjustable on the anchoring de 
vice in the longitudinal direction of the tie] 

II. A tie according to claim 5, wherein at least one of 
said anchoring devices comprises a bearing plate and said 
strong and rigid envelope is rigidly connected to said 
bearing plate of at least one of said anchoring devices. 

12. A construction structure comprising: 
a plurality of stays extending each between a couple 

ofpoints of the structure distant from each other, each 
of said stays consisting of a tie constituted by a plurality 
of stressed steel tendons, enclosed in a protective sheath 
?lled with hardended material. 
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anchoring devices at each end of each stay ?vr the 

transfer of the pull from the tie to the structure, 
said protective sheath having ends fixedly secured to 

each of said anchoring devices, with said sheath being 
isolated, throughout its length, from said structure so as 
to be longitudinolhr slidable with mpect to the struc 
"I", 

said structure including a tubular device within said 
structure between said sheath and said structure, said 
tubular device being isolated, throughout its length, 
from said sheath so that said sheath is longitudinally 
slidable with respect to said tubular device, 

at least one of said anchoring devices including 
connection means for the active part of a tensioning 
apparatus and also including means for bearing against 
the structure. said bearing means being adjusted on the 
anchoring device in the longitudinal direction of the tie. 
13. A construction structure according to claim 12, 

20 further comprising sealing means disposed between said 
‘ tubular device and said sheath for sealing at least one end 
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thereof 
14. A tie comprising: 
a plurality of stressed steel tendons enclosed in a 

protective sheath ?lled with hardended material, 
a first anchoring device at one end of said tie and a 

second anchoring device at the other end of mid tie ?tr 
the transfer of the pull from the tie to a structure, 

said sheath having ends fixedly secured to said an 
choring devices, with said sheath being isolated. 
throughout its length. from said structure so as to be 
longitudinally slidable with respect to the structure. 
a tubular device within said structure, with said 

tubular device being isolated, throughout its length, 
from said sheath so that said sheath is longitudinally 
slidable with respect to said tubular device, 

at least one of said anchoring devices including 
connection means for the active part of a tensioning 
apparatus and also including bearing means against the 
structure, 

said bearing means being adjusting an the anchoring 
device in the longitudinal direction of the tie. 
15. A tie according to claim 14, wherein at least one of 

said anchoring devices further comprises attachment 
means for the corruponding ends of the tendons, whereby 
the ends of said tendons may extend through said attach 
ment means and be attached thereto. 

16. A tie according to claim 14, ?trther comprising an 
externally screw-threaded, cylindrical extension, said ex 
tension receiving a nut and constituting, with said bearing 
plate, said adjusting means. 

17. .4 tie according to claim 14, wherein said cylindrical 
extension is tubular and is provided internally with fixing 

‘ means for one of two relatively movable parts of a tension 
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ing apparatus, the other of said parts bearing against said 
annular bearing plate. 


