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METHOD FOR MEASURING BY ULTRA-SOUND
THE RESIDUAL TENSION OF A PRE-STRESSED BAR

The present invention relates to a method for.

measuring in situ the residual tension F; of a pre-
stressed bar braced between two anchorages, by determining
the two-way propagation time T; of an ultra-sonic wave
between the two longitudinal ende of the bar and by
evaluating the residual tension F; by a formula of the
form F; = Fy + ky.(Ty - Ty) where Fy, T and k), are
constants determined during a preliminary calibration

carried out without demountihg the bar.

A process of this type is described in the French
patent 2 750 498. According to this patent, the
preliminary calibration consists in:

- applying to one end of the pre-stressed bar a
traction effort F which progressively increases;
- measuring = simultaneously the longitudinal

displacement A of the end of the pre-stressed bar as

well as the above-mentioned traction effort whereby
these measurements correspond to a curve of the
traction effort F as a function of the displacement

A which presents an initial portion substantially

following a first straight line having a high slope,

then a curved portion and finally a final portion

substantially following a second straight 1ineE

having a lower slope;

- determining the residual tension as being the value

of the traction effort F which corresponds to the

intersection of the two straight lines;

- applying successively to the pre-stressed bar at |

least two known and -distinct tension values higher
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than the residual tension, by traction on the end of
said pre-stressed bar;

- measuring for each of these tension values the two-
way propagation time of an ultra-sonic wave between |
the two lorigitudinal ends of the pre-stressed bar;

- and deducing from these measurements the constants

of the evaluation formula of the residual tension.

Owing to these measures, it is necessary to apply
traction efforts to the end of the pre-stressed bar only

during calibration, which is carried out once for all.

Once the calibration has been carried out, one can
subsequently check as often as necessary the residual
tension .of the pre-stressed bar solely by measuring the
two-way propagation time of an ultra-sonic wave between
the two ends of this bar. These subsequent checks are
therefore very simple and very quick. This process is well _
adapted to cases where there are restrictions to the

access to the structure, for example due to ionising rays.

An object of the present invention is to improve the 5
acuracy of the processes for measuring residual tension by

ultra-sound.

In a method according to the invention, of the type
set out in the introduction, the preliminary calibration
comprises the steps of:

- subjecting the bar to different values of a traction .
effort F, applied in a zone situated outside of the.?
interval between the two anchorages;

- for each wvalue of the applied traction effort F,
measuring the two-way propagation time T of an
ultra-sonic wave between the two longitudinal ends

of the bar, in such a way as to memorize points of a
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curve associating the traction effort F with the
two-way propagation time T;

- determining the constant Ty as being the two-way
propagation time T measured for a traction effort
F = 0;

- approaching said curve, in the neighborhood of the
traction effort value F = 0, by a first straight
line having a slope kg;

- approaching an upper portion of said curve by a
second straight line of inclination ki,;

- determining the constant Fg as being the traction
effort F corresponding to the point of intersection
of said first and second straight lines; and

- determining the constant kp according to the
equation 1/kp = (1/ky) - (1/k3).

This enables in particular an improvement in the
determination of the coefficient k, by rigorously taking
into account parasite effects that the calibration system
can induce. The first straight line approaching the curve
(T, F) in the neighborhood of the point (T,, 0) takes into
account the elongation of the bar in the region situated
between the point of application of the traction effort F
and the adjacent anchorage, whereas the second straight
line takes into account the increase of the length L
between the point of application of the traction effort
and the opposite anchorage. In service, and in particular
during subsequent verifications, it is only the length
b = L - a between the two anchorages which is subjected to
the residual tension F;. It is thus Jjudicious for the
slope coefficient k, to be corrected in relation to the

slope k;, of the second straight line. This correction will )
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be all the more important if the pre-stressed bar is

relatively short.

In a preferred embodiment of the method, the
approximation of said curve in the neighborhood of the
traction effort value F = 0 by a first straight line of
slope k, comprises a fit of a parabola on a lower portion
of the curve, and the determination of the first straight
line as being the tangent of said parabola £for the

traction effort value F = 0.

In an advantageous embodiment, the preliminary
calibration involves a measurement of the temperature of
the material of the bar and a memorization of the
temperature measured. This enables the temperature effects
upon the measured propagation times to be subsequently
taken into consideration. Thus, during a measuring phase
subsequent to the calibration, the temperature of the |
material of the bar and the two-way propagation time of an
ultra-sonic wave between the two longitudinal ends of the
bar are measured, and the time T; for the application of
the above-mentioned formula is determined by correcting
the measured two-way propagation time as a function of the
deviation between the temperatures measured at the time of
the preliminary calibration and the subsequent 'measuring

phase.

Further characteristics and advantages of the
present invention will appear in the following description
of non-limitating examplary embodiments, by reference to:
the attached drawings, in which:

- Figure 1 is a schematic view showing an example of |
implementation of the method according to theé

invention; and
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- Figures 2 and 3 are graphs showing schematically
examples of evolution of the traction effort F
applied near to an end of the pre-stressed bar as a
function of the two-way propagation time of the
ultra-sonic waves during the preliminary calibration

of the method according to the invention.

As is shown in Figure 1, the process according to
the invention is designed to measure the residual tension
F, of a pre-stressed bar 1, for example metallic, which is
braced between two anchorages 2, 3 situated respectively
in the neighborhood of the longitudinal ends 4, 5 of said

bar.

The length of the pre-stressed bar 1 between its two
ends 4, 5 is typically less than 5 metres and generally
less than 2 metres, for example in the range between 50 cm

and 2 metres.

In the non-limitating example represented in the
drawings, the anchorages 2, 3 are constituted as follows:
one of them by an enlarged head 2 integral with the pre-
stressed bar and the other one by a nut 3 screwed on the
bar 1 which is threaded completely or partially. These two
anchorages apply a compression effort on a mass of

concrete 6 or another mass to be pre-stressed.

In order to be able to regularly check the residual
tension F; of the pre-stressed bar 1 by ultra-sound, a
preliminary calibration of the device relatively to the

bar under consideration is undertaken.

For this purpose, the bar 1 is equipped outside the
mass 6 with an ultra-sonic transducer 7 and with a unit 11

enabling a traction to be exerted on the pre-stressed bar.
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The transducer 7, for transmitting and sensing
ultra-sonic waves, is placed on the end 5 of the bar 1. It
is linked directly or indirectly to a special electronic
card integrated in a micro-computer 8, whereby this card
enables the transducer 7 to be controlled in order to emit
to the end 5 an ultra-sonic wave, preferably as a pulse.
The transducer 7 also permits to sense the echo of this
wave at the end 5 after reflection on the end 4 of the
pre-stressed Dbar, in order to measure the two-way
propagation time T of the ultra-sonic wave between the two |

ends.

In the example represented in Figure 1, the unit 11
has a metal ring 12 screwed on a zone of the pre-stressed
bar 1 situated between its end 5 and the anchorage 3, and 5
an annular hydraulic jack 13 positioned around the pre-
stressed bar 1 and interposed axially between the mass 6
and the ring 12, whereby this jack has an annular piston
14 which slides in an annular cylinder 15 supplied with

hydraulic fluid by a pump 16.

The hydraulic circuit of the jack 13 is equipped
with a pressure sensor 17 to measure the traction force:
exerted by the jack 13 on the pre-stressed bar 1 (taking;
into consideration the useful section of the jaék and its%
yield). Alternatively, the measurement of the effort could
be carried out by placing a strain gauge between the jack

13 and the ring 12, or between the mass 6 and the jack 13.

The effort measured is sent to an electronic
acquisition card belonging to the micro-computer 8 in such;
a way that this micro-computer can record the value of the

traction efforts F applied to the pre-stressed bar 1.
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During the calibration stage, ' the pump 16 is
controlled in order to progressively increase the traction
effort F applied to the pre-stressed bar, and during this
time the micro-computer 8 measures and records
simultaneously the two-way propagation time T by means of
the transducer 7 placed at the end 5 of the pre-stressed

bar and the traction effort F by means of the sensor.

These recordings correspond to points of a curve of
the traction effort F as a function of the two-way
propagation time T, such as the curve represented in

Figure 2 or 3.

This curve C typically has:

- an initial portion which approximately follows a -
straight line Dj of slope ki which is relatively

large and is representative of the elongation of the '

part of the bar 1 between the nut 3 and the ring 12,

- then an upper portion which, with the great values :
of the effort F, subvstantially follows a straight
line Dy of slope kj, < ks, which is representative of -
the elongation of all the stressed part of the bar
1, whereby the length of this part is L = b + a |

where b is the length between the two anchorages 2,
3 and a is the length between the anchorage 3 and

the ring 12 (Figure 1).

As is known per se, the intersection of the straight
lines D; and D, corresponds to an ordinate Fy which

represents the residual tension of the pre-stressed bar

during calibration.

The micro-computer 8 is programmed to determine the

straight lines D, and D, as well as their point of

intersection. The micro-computer deduces therefrom a
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constant Fy which is the traction effort F corresponding
to this point of intersection, i.e. the wvalue of the

residual tension during calibration.

The micro-computer 8 also memorizes the value T, of
the two-way propagation time T obtained during the
calibration in the absence of application of the traction

effort, i.e. for F = 0.

The point having the co-ordinates (T, Fp) is a point
of the curve linking the two-way propagation time to the
residual tension in the pre-stressed bar, in Ehe absence
of the calibration system. As we know that this curve is

linear, its equation takes the form:
Fl = Fo + kb ‘(Tl - To) (1)

which enables the value of the residual tension F,; to be
deduced from the simple measurement of a two-way

propagation time T,.

In order to determine the slope coefficient ky,
during calibration, the micro-computer 8 wuses the

relationship:
1/ky = (1/kpy) - (1/ka) (2)

Owing to this, the coefficent k,, correctly takes
account of the behaviour of the stressed zone, of length
b, of the bar 1.

In the example illustrated by Figure 2, it is
considered that the curve C consists essentially of two
linear portions, connected by a rounded portion. The -
micro-computer 8 thus fits two straight lines D; and D, of?

slopes k,; and k; on the lower and upper portions of the



10

15

20

25

30

9

curve resultiri’g from the measurements made during
calibration, for example by a conventional least square
fit method, and deduces therefrom the constant F, as well

as the constant kp according to the relationship (2).

In order to further improve the precision of the
calibration, the micro-computer 8 can be programmed to
adjust a parabola P on the lower portion of the curve C.
Indeed, it can be shown that, taking into account the
threads engaging the pre-stressed bar 1, the lower portion
of the curve C is parabolic rather than linear. Figure 3
shows such an embodiment (exagerating the curving of the
parabola P). The above-described calculations are carried
out in the same way, using as the straight line D; the
tangent at the point (T,, 0) of the parabola determined.
This straight line D, is an approximation of the points of

the curve C which are closest to the origin (Ty, 0).

Once the calibration has been carried out once for
all, when one subsequently wishes to check the wvalue of
residual tension F; of the pre-stressed bar 1, it is no
longer necessary to equip the end 5 of this bar with the
unit 11, but solely with the transducer 7 linked to the

micro-computer 8.

The micro-computer 8 then simply causes the
transducer 7 to emit an ultra-sonic wave, preferably as a
pulse, at the end 5 of the pre-stressed bar. Then the
transducer 7 senses the echoing ultra-sonic wave after
reflection on the end 4 of the bar, and the micro-computer
8 measures the two-way propagation time T; of the ultra-
sonic wave. On the basis of this two-way propagation time
T,, the micro-computer 8 deduces the value of the residual -

tension F,; at the time of measurement by the formula (1).
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It is known that the temperature of a material, such
as the steel of the bar 1, has an effect upon the ultra-
sound propagation speed in this material and thus upon the
measured two-way propagation propagation time.
Consequently, if the temperature of the bar is susceptible
to variation, it is advantageous to provide automatic
correction in the processing of the measurements by

application of a formula of the type:
Ty = Ty + B. (6 - 64) (3)

where T, is the two-way propagation time measured at the
temperature 0, T; is the corrected time used for the
application of thé formula (1), corresponding to a
temperature 0;, for example the temperature during

calibration, P a pre-determined constant depending wupon

the material and its geometrical characteristics.

The temperature 0; of the material of the bar is
measured during calibration, then during subsequent |
measurements so that the correction (3) is applied. The
measurement of temperature can be carried out by means of
a sensor 20, such as a thermocouple, neighboring the

ultra-sonic transducer 7 or integrated into it.
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CLAIMS

1. A method for measuring in situ the residual tension
F, of a pre-stressed bar (1) braced between two anchorages
(2, 3) by determining a two-way propagation time T; of an
ultra-sonic wave between the two longitudinal ends (4, 5)
of the bar and by evaluating the residual tension F, by a
formula of the form F; = Fy + kp. (T1-Tg), where Fy, Ty and
k;, are «constants determined during a preliminary
calibration carried out without demounting the bar,
whereby the preliminary calibration comprises the steps
of:

- subjecting the bar to different values of a traction
effort F, applied in a zone situated outside of the
interval between the two anchorages;

- for each value of the applied traction effort F,
measuring the two-way propagation time T of an
ultra-sonic wave between the two longitudinal ends
of the bar, to memorize points of a curve (C)
associating the traction effort F with the two-way
propagation time T;

- determining the constant Tg as being the two-way
propagation time T measured for a traction effort
F = 0;

- approaching said curve, in the neighborhood of the
traction effort value F = 0, by a first straight
line (D7) having a slope kj;

- approaching an upper portion of said curve by a
second straight line (D3) having a slope kiy,; |

- determining the constant Fg as being the traction
effort F corresponding to the point of intersection

of said first and second straight lines; and

- @ _

R
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- determining the constant kp according to
1/kp = (1/kg) - (1/kg).

2. A method according to Claim 1, wherein the
approximation of said curve (C) in the neighborhood of the
value of the traction effort F = 0 by a first straight
line having a slope k, comprises a fit of a parabola (P) on

a lower portion of the curve, and the determination of the

‘first straight 1line (D;) as being the tangent of said

parabola for the value of traction effort F = 0.

3. A method according to Claim 1 or 2, wherein the
preliminary calibration comprises a measurement of the
temperature (0;) of the material of the bar (1) and a

memorization of the temperature measured.

4. A method according to Claim 3, wherein a measuring
phase subsequent to the calibration comprises the steps of
measuring the temperature (68,) of the material of the bar
(1) and the two-way propagation time (T,) of an ultra-
gsonic wave between the two longitudinal ends (4, 5) of the
bar, and determining the time T, for the application of
said formula Dby cqrrecting the measured two-way
propagation time (T,) as a function of the deviation
between the temperatures (6;, 0,) measured during the
preliminary calibration and the subsequent measuring

phase.
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