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OR ELEMENTS SUBJECTED TO AXIAL STRAIN
(57)  Strain gauge load cell (16) for monitoring the sioned and fy is the elastic limit of the material of the body

strain in a prestressed element or element subjected to
axial strain, comprising: a hollow cylindrical body (30) for
receiving the element whose axial strain is to be meas-
ured, and a plurality of strain gauges (12). The body (30)
defines an upper surface (1), a lower surface (6) and a
side wall (10) which delimits a hole (8). The gauges (12)
are arranged on the side wall (10) of the body (30) at an
equidistant distance between the upper surface (1) and
the lower surface (6). The gauges (12) are connected by
means ofan electronic assembly (40) in afull Wheatstone
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bridge. The height of the body (30) is 5 D
being the outer diameter &, of the body (30). The outer
diameter &, fulfils the following:
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wherein ;, is the inner diameter of the body (30), N is
the axial strain for which the cell (16) has been dimen-

(30).
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Description
TECHNICAL FIELD

[0001] The present invention belongs to the field of
monitoring the strain existing in prestressed elements or
elements subjected to axial strain. The invention has a
special application in monitoring the strain existing in the
active anchor of these elements.

BACKGROUND OF THE INVENTION

[0002] A structural elementis an element belonging to
a structure or which constitutes a structure in itself. A
prestressed structural element is a structural element
which is subjected to compressive axial strain prior to
being put into operation. Prestressing units, also called
prestressing elements, are used to prestress the struc-
tural element.

[0003] The strain in the prestressed structural ele-
ments varies throughout the useful life thereof, influenced
by phenomena such as the prestress losses orthe strains
to which the structural element is subjected during the
service life thereof. The prestress losses can be instan-
taneous losses or delayed losses. Usually, the instanta-
neous prestress losses can be made up of three factors:
due to penetration of wedges or tightening of a nut, due
to elastic shortening of the structural element and due to
friction with the prestressing duct or sheath. The delayed
prestress losses can usually be made up of three other
factors: due to shrinkage of the structural element, due
to creep of the structural element and due to relaxation
of the prestressing element.

[0004] In order to determine the axial strain in pre-
stressing units and in structural elements subjected to
axial strain, so-called load cells are used. A prestressing
unit has two anchoring areas: an active anchoring area
(from which the prestressing force is exerted) and a pas-
sive anchoring area. Thus, in orderto determine the axial
strain in a prestressing unit, the load cell is placed in the
active anchoring area of the prestressing unit. A partic-
ular type of prestressing unit are the so-called active
ground anchors, wherein the delayed prestress losses
are also influenced by the variations in the contour con-
ditions of the passive anchor of the prestressing unit.
[0005] The strain gauge load cells are devices, gener-
ally metallic, which enable the empirical characterisation
of the structural strain existing in prestressed or com-
pressed elements. The determination ofthis strain is pos-
sible thanks to the instrumentation of these devices by
means of strain gauges which are connected to each
other, normally by means of an assembly in a full Wheat-
stone bridge. For example, EP1486762B1 discloses a
compression column load cell having a compression col-
umn machined with a square cross section, in the central
plane of which a set of strain gauges is arranged in order
to measure the strain to which the column is subjected.
The load cells can also be used in weighing scales, as
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disclosed for example in US6596949B2.

[0006] The correct measurement of the strain gauge
load cells is influenced by the possible existence of sig-
nificant flexion phenomena or concentration points of
stresses in the walls of the load cell, generated by ec-
centricities in the application of the load and/or irregular-
ities in the contour conditions of the device, such as ir-
regularities inthe bearing plates in the structural element.
[0007] The aforementioned proposals have been de-
signed as solid elements which do not enable the pre-
stressing elements to pass therethrough, which makes
it difficult orimpossible to characterise the strain existing
in the active anchors of prestressing elements.

[0008] There are also load cells that do enable the pre-
stressed elements to pass through an inner ring of the
load cell. For example, EP1980712A1 discloses a nut-
shaped strain gauge load cell which is introduced along
a steel rod joined to the anchor the axial strain of which
is to be characterised. Another example is disclosed in
US4203318, which describes a strain gauge load cell for
measuring the compression and axial elongation of load
carrying members. This load cell is secured to the struc-
tural element the strain of which is to be measured by
means of threaded ends. Another example can be seen
in US2015075296A1, which discloses a strain gauge
load cell for measuring the load of a rod. Finally,
US7188535B1 discloses a strain gauge load cell de-
signedto characterise forces and moments applied about
multiple axes, for which various parameters related to
the sensitivity of measurement in the aforementioned ax-
es are detailed.

[0009] However, the load cells of these proposals do
not enable the distortion caused by the phenomena of
the concentration of stresses in the walls of the load cell
to be eliminated from the axial strain measurement ob-
tained. In other words, due to the fact that the aforemen-
tioned load cells do not guarantee uniformity of stresses
in the walls, for example, due to irregular support condi-
tions, the measurement of axial strain provided by these
cells has a high uncertainty.

DESCRIPTION OF THE INVENTION

[0010] The present invention attempts to solve the
aforementioned drawbacks by means of a strain gauge
load cell for monitoring the axial strain in prestressing
units or elements, such as active anchors, or for moni-
toring the axial strain in structural elements subjected to
axial strain. The strain gauge load cell monitors the axial
strain by eliminating errors induced, for example, by ir-
regular support conditions.

[0011] This is achieved by means of a strain gauge
load cell the body of which has an annular cross section,
wherein both the thickness of the wall of this body, and
therefore the cross section thereof, as well as the height
of the load cell have been optimised. For the correct
measuring, the load cell has strain sensors (such as
strain gauges) uniformly distributed on said wall. The
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height and thickness of the load cell guarantee the uni-
formisation of stresses. This minimises the uncertainty
inthe measurement (axial strain) facilitated by the device.
[0012] The strain gauge load cell (also called "device"
in the description) enables the empirical characterisation
of the strain existing in the prestressed structural ele-
ments or elements subjected to axial strain, enabling pro-
grammed actuations in order to guarantee the correct
operation of these structural elements, increasing the
useful life thereof and reducing costs of repair and struc-
tural rehabilitation.

[0013] The invention is applicable in the monitoring of
the strain existing in prestressing units of different types,
such as bridge decks, beams and slabs with large spans,
tie rods and suspension elements of bridge decks, cov-
ering structures and singularelements in building, anchor
bolts in cable-stayed towers, wind turbine towers, stacks,
columns or metal posts, prestressed joints in the config-
uration of metal structures, anchors of meshes or cable
networks for stabilising embankments, and active ground
anchors.

[0014] In orderto ensure the operation of a prestress-
ing unit, an anchor plate or block and a bearing plate or
block are usually used. The anchor plate or block of the
prestressing unit is the element which enables the pre-
stressing unitto be anchored, guaranteeing the compres-
sion to which the prestressed structural element is in-
tended to be subjected. The bearing plate or block is an
elementwhich is arranged between the anchor plate and
the prestressed structural element. The bearing plate or
block guarantees the uniformisation of stresses in the
structural element to be prestressed or subjected to axial
strain. The bearing plate can be, for example, a metal
sheet, such as steel. In order to be able to determine the
structural strain in the prestressing unit, the load cell is
arranged between both devices, anchor plate and bear-
ing plate.

[0015] A first aspect of the invention relates to a strain
gauge load cell for monitoring the strain in a prestressed
element or element subjected to axial strain. The cell
comprises: a hollow cylindrical body, wherein said body
defines an upper surface configured to be in contact with
an anchor plate; a lower surface configured to be in con-
tact with a bearing plate; and a side wall delimiting a gap
which extends from the upper surface to the lower sur-
face, said gap being configured to introduce a pre-
stressed element or element subjected to axial strain of
which the axial strain thereof is to be obtained; wherein
said body has an outerdiameter@g and aninnerdiameter

@i defining the thickness of said side wall, the inner di-
ameter @i being the diameter of said gap. The cell also
comprises a plurality of strain gauges arranged on the
side wall of the body, wherein each strain gauge is locat-
ed at an equidistant distance between the upper surface
andthe lowersurface ofthe body, the strain gauges being
connected by means of an electronic assembly in a full
Wheatstone bridge, wherein said electronic assembly
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provides an output voltage. The height or depth h of the

2
h 2 E@e,
bodyisthat and said outerdiameter &, fulfils
the following:
N bid 2 4
> — =)=
@e — fy/z + 4 @l T

wherein N is the axial strain for which the strain gauge
load cell has been dimensioned and fy is the elastic limit
of the material with which the body of the strain gauge
load cell has been manufactured.

[0016] Preferably, the height or depth h of the body is
h>2e

=5
[0017] Inembodiments ofthe invention, the cell further

comprises a protective cover which surrounds and pro-
tects the plurality of strain gauges.

[0018] In embodiments of the invention, the side wall
of the body has at least one increased area with a diam-
eter larger than said outer diameter &, of the body, said
increased area being configured to fasten the protective
cover around said body. Preferably, the side wall of the
body has two increased areas with a diameter largerthan
said outer diameter &, of the body, configured to fasten
the protective cover around said body.

[0019] In embodiments ofthe invention, the hollow cy-
lindrical body has been obtained by machining.

[0020] In embodiments of the invention, the body is
made of an isotropic material the elastic limit fy of which
is greater than the average compression stress in the
strain gauge load cell. Preferably, the body is made of
an isotropic material the elastic limit fy of which is greater
than twice the average compression stress in the strain
gauge load cell.

[0021] In embodiments of the invention, the arrange-
ment of the plurality of strain gauges on the side wall of
the body at an equidistant distance between the upper
surface and the lower surface of the body enables the
average axial deformation ¢ of the strain gauge load cell
to be obtained, the average axial deformation ¢ being
linearly related to the axial prestressing strain N existing
in the prestressing element or element subjected to axial
strain to be characterised: N=¢ - E - Q3, wherein E is the
modulus of elasticity E ofthe material with which the body
has been manufactured, N is the axial strain existing in
the prestressing element or element subjected to axial
strain to be characterised, and Q is the average trans-
verse cross section of the load cell.

[0022] The characterisation of the strain existing in the
prestressing element or element subjected to axial strain
is performed by means ofthe strain gauges which enable,
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together with the choice of height of the load cell and
thickness of the lateral wall thereof, the average axial
deformation in the device to be obtained, compensating
for possible phenomena of flexion or concentration of
stresses caused by the application of eccentric loads
and/or the existence of irregular contour conditions. By
connecting the strain gauges to each other by means of,
forexample, an electronic assembly in a full Wheatstone
bridge, the influence ofthe thermal phenomena on meas-
uring the axial deformation ofthe device is compensated
for.

[0023] A second aspect of the invention relates to a
system for monitoring the strain in a prestressed element
or element subjected to axial strain, comprising: a strain
gauge load cell according to the first aspect of the inven-
tion; and means for reading the output voltage provided
by the electronic assembly in a full Wheatstone bridge.

[0024] Inembodiments ofthe invention, the cell further
comprises processing means for, from said output volt-
age, obtaining the axial strain to which the prestressed
element or element subjected to axial strain is subjected.
[0025] In embodiments of the invention, the means for
reading the output voltage provided by the electronic as-
sembly in a full Wheatstone bridge are implemented by
means of a data transmission cable.

[0026] In embodiments of the invention, the means for
reading the output voltage provided by the electronic as-
sembly in a full Wheatstone bridge comprise a connec-
tion to a wireless transmitter device configured to send
the information obtained from the electronic assembly to
a wireless receiver device through a wireless communi-
cation network.

[0027] Inembodiments ofthe invention,the system fur-
ther comprises storage means for storing the information
received by the wireless receiver device.

[0028] Inembodimentsofthe invention,the system fur-
ther comprises processing means connected to said
wireless receiverdevice and configured to, from said out-
put voltage, obtain the axial strain to which the pre-
stressed element or element subjected to axial strain is
subjected.

[0029] Inembodimentsofthe invention,the system fur-
ther comprises a potentiometer for adjusting the reading
range of the output voltage provided by the electronic
assembly.

[0030] Some additional advantages and features ofthe
invention will become apparent fromthe detailed descrip-
tion that follows and will be indicated in particular in the
attached claims.

BRIEF DESCRIPTION OF DRAWINGS

[0031] As acomplementto the description, and forthe
purpose of helping to make the features of the invention
more readily understandable, in accordance with practi-
cal exemplary embodiments thereof, said description is
accompanied by a set of drawings which, by way ofillus-
tration and not limitation, represent the following:
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Figure 1 shows a 3D perspective view of a strain
gauge load cell according to a possible embodiment
of the invention.

Figure 2 shows an elevation view of the body of the
strain gauge load cell of Figure 1, according to a
possible embodiment of the invention.

Figure 3 shows a 3D perspective view of the protec-
tive cover of the strain gauge load cell according to
a possible embodiment of the invention.

Figure 4 shows a front cross section of the load cell
according to a possible embodiment ofthe invention.
Figure 5 shows a transverse cross section of the
body of the strain gauge load cell according to a pos-
sible embodiment of the invention.

Figure 6 shows a standard assembly forthe tension-
ing of prestressing bars, wherein the position of the
strain gauge load cell in said assembly is illustrated.
Figure 7 shows a standard assembly forthe tension-
ing of prestressing units formed by strands, wherein
the position of the strain gauge load cell in said as-
sembly is illustrated.

Figure 8 shows an electronic diagram of the instru-
mentation arranged in the strain gauge load cell ac-
cording to a possible embodiment of the invention.
Figure 9 shows an example of strain gauges capable
of measuring the axial and transverse deformation
of the average transverse cross section of the load
cell according to a possible embodiment of the in-
vention.

Figure 10 shows a 3D perspective view of a protec-
tive bushing of a data transmission cable of the load
cell.

Figure 11 shows a graph which represents the anal-
ysis of the optimisation of the heigth of the load cell
in relation to the outer diameter of the body thereof,
in order to minimise the error in the reading induced
by the phenomena of the concentration of stresses
created by a possible discontinuous support of the
cell on an irregular bearing plate in the structural el-
ement.

Figure 12 schematically shows a system for moni-
toring the axial strain to which an element is subject-
ed, which uses a wireless communication network
to transport the measurement data obtained in the
load cell to a remote monitoring platform or equip-
ment.

DETAILED DESCRIPTION OF THE INVENTION

[0032] Figure 1 showsa 3D perspective view of a strain
gauge load cell 16 according to a possible embodiment
of the invention. The cell 16 of the invention has a cylin-
drical tubular cross section. In other words, the load cell
16 has an annular cross section with inner diameter di.
The hollow inner portion 8 defined by the cylindrical body
of the load cell 16 has a constant inner diameter. The
hollow portion 8 of the load cell 16 is obtained, for exam-
ple, by machining a block of the material used. In Figure
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1, the outer portion of the body of the load cell 16 is cov-
ered by a protective cover 2.

[0033] Figure 2 shows an elevation view of the body
30 ofthe load cell 16. In other words, the protective cover
2 has been removed from the load cell 16 of Figure 1 in
order to enable the details of the body 30 thereof to be
seen. At the upper and lower ends, the body 30 of the
load cell 16 has respective contact surfaces: an upper
contact surface 1 and a lower contact surface 6. The
upper contact surface 1 is designed to, in use ofthe load
cell 16, be in contact with an anchor plate or block of a
prestressing unit. In turn, the lower contact surface 6 is
designed so that, in use ofthe load cell 16, it is in contact
with a bearing plate or block. This is illustrated, by way
of example, in Figures 6 and 7. The contact surfaces 1,
6 are ring-shaped; in other words, they are open in the
central portion thereof, such that they provide access to
the hollow portion 8 of the load cell 16 shown in Figure
1. In other words, the body 30 defines a through hole. In
use of the load cell 16, the loads will be applied to the
load cell through the upper 1 and lower 6 contact surfac-
es.

[0034] The outer side wall or surface 10 ofthe body 30
(in other words, the wall which defines the exterior of the
cylindrical body) has along at least a portion of the cross
section thereof, and specifically at least in the central
portion thereof (see line 100 in Figure 2), an outer diam-
eter @e. Thus, the body 30 of the cell 16 has a ring-
shaped cross sectionwith an outerdiameter @e and inner
diameter @i, as shown for example in Figure 4. In other
words, in embodiments of the invention, the body 30 is
a cylinder with an annular cross section with thickness
(Be-@i)/2. In Figure 4, the shaded portion corresponds
to the body 30, preferably obtained by machining, where-
as the inner portion without shading corresponds to the
gap 8 defined by the body 30. This is also seen in the
transverse cross section of the body 30 shown in Figure
5, although in Figure 5 an increased portion 7 is shown
without shading in orderto differentiate it fromthe portion
with diameter Je. In preferred embodiments of the in-
vention, the outer side surface ofthe body 30 has at least
one area with an increased transverse cross section 7
(increased perimeter) located close to the upper contact
surface 1 and/or the lower contact surface 6. More pref-
erably, as shown in Figure 2, the outer side wall of the
body 30 has two areas with an increased transverse
cross section 7: a first area with an increased cross sec-
tion close to the upper contact surface 1 and a second
area with an increased cross section close to the lower
contact surface 6. In other words, the first area with an
increased transverse cross section is comprised be-
tween the upper contact surface 1 and the central or in-
termediate area (see line 100 in Figure 2) of the body 30;
and the second area with an increased cross section is
comprised between the lower contact surface 6 and the
central or intermediate area of the body 30. The object
of this or these increased areas 7 is to enable the fas-
tening of the protective cover 2 to the outer side surface
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of the body 30 of the load cell 16. Thus, it can be under-
stood that, in embodiments of the invention, the outer
side wall or surface of the body 30 has a variable outer
diameter, since the diameter of the body 30 in the areas
with an increased transverse cross section 7 has a di-
ameter larger than the outer diameter @e of the rest of
the outer side wall or surface 10 of the body 30.

[0035] The central orintermediate area ofthe side sur-
face of the body 30 of the load cell 16 (area indicated by
line 100 in Figure 2) is an instrumented area, wherein
measuring elements (strain gauges 12) are located which
are described later. The measuring elements are located
along the central line 100, which is an imaginary line de-
fining a circumference which surrounds the side wall of
the body 30. In other words, the central line or area 100
is locatedonthe outerwall 10 ofthe body 30, substantially
midway between the upper surface 1 and the lower sur-
face 6. The central area 100 which defines the area
wherein the measuring elements are placed is in the por-
tion of the outer side wall or surface 10 of the body 30
the cross section of which has an outer diameter ge. In
this middle area (imaginary central line 100), the trans-
verse cross section (called the average transverse cross
section) of the load cell 16 is Q.

[0036] As mentioned, the load cell 16 comprises a gap
(hole) 8 in the centre of the transverse cross-section
thereof. The load cell 16 is especially suitable for meas-
uring axial strain in prestressing elements or elements
subjected to axial strain which can be introduced through
the gap 8. Thus, the gap 8 is configured to introduce the
prestressing element or element subjected to axial strain
of which the axial strain thereof is to be obtained. In this
manner, in use of the load cell 16, the deformation un-
dergone by the load cell 16 will be proportional to the
deformation which the element introduced through said
gap 8 willundergo, which is what is to be characterised.
[0037] The body ofthe load cell 16 is made of an iso-
tropic material, for example, a metal, such as steel. In
particular, the body of the load cell 16 can be made of
any isotropic material as long as the elastic limit fy thereof
is greater than the average compression stress in the
load cell, preferably greaterthan twice the average com-
pression stress in the load cell. The elastic limit or elas-
ticity limit of a material is the maximum stress that an
elastoplastic material can withstand without undergoing
permanentdeformation. In otherwords, if stresses above
this limit are applied, the material experiences plastic be-
haviourwith permanent deformations and does notspon-
taneously regain the original shape thereof when the
loads are removed. Normally, the prestressing elements
are manufactured with steel with a high elastic limit.
Therefore, the material with which the load cell is man-
ufactured is preferably structural steel, suitable for appli-
cations wherein such prestressing elements are used.
[0038] The characterisation of the axial deformation ¢
experienced by the load cell 16 in the use thereof is ob-
tained from the information provided by elements 12
which respond to the applied stress or force, arranged
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on the outer side wall or surface 10 (area of the body 30
defined by an outer diameter @e). More specifically,
these elements 12 are located substantially along the
central line 100, which, as explained, is substantially mid-
way between the upper surface 1 and the lower surface
6. The elements 12 which respond to the stress are pref-
erably strain gauges. Strain gauges are sensors the elec-
trical resistance thereof varies with the applied force. In
this manner, a gauge converts the axial strain caused by
the applied stress into a change in electrical resistance.
The axial deformation is in turn related to the axial pre-
stressing strain existing in the prestressing element or
element subjected to axial strain which is being moni-
tored. These strain gauges 12 make up part of an elec-
tronic circuit. One possible electronic circuit is illustrated
in Figure 8. The elements (gauges) 12 are fastened to
the exterior of the intermediate side surface 100 for ex-
ample by adhesion, such as by means of strain gauge
adhesive. The elements 12 (strain gauges) should be
distributed substantially uniformly along the central line
100. Ifthe distribution thereofwere not uniform, the meas-
uring could introduce errors in the characterisation ofthe
axial strain in the prestressing unit or in the structural
element subjected to axial strain which is to be charac-
terised.

[0039] The number of strain gauges 12 to be arranged
in the body 30 is a function of the dimensions of the strain
gauge load cell 16. Generally, the larger the outer diam-
eter Je of the body 30, the greaterthe number of gauges
required. At least 4 strain gauges must be used. By way
ofexample, each gauge can be separated fromthe neigh-
bouring gauges (left and right) by a distance which can
vary between 30 and 60 mm. Nevertheless, this range
is illustrative, and the distance between gauges can vary
depending on the circumstances and application, being
able to be increased above 60 mm or reduced below 30
mm.

[0040] In a possible exemplary embodiment of the in-
vention, sixteen strain gauges 12 can be installed -half
longitudinal and the other half transverse-, which are
equivalent to eight bidirectional strain gauges 12 -pair:
one longitudinal and one transverse-. A person skilled in
the art will understand that each pair of strain gauges 12
may be configured as a single bidirectional strain gauge
12 or as two unidirectional strain gauges. In this docu-
ment, whenever reference is made to a strain gauge 12,
it will be understood as the unidirectional (longitudinal or
transverse) strain gauge 12.

[0041] An example of a pair of strain gauges 12 ac-
cording to a possible embodiment of the invention is
shown in Figure 9. As stated, this pair is equivalent to
one bidirectional strain gauge. The longitudinal strain
gauge 31 enables the characterisation of the axial defor-
mation ¢ of the device, whereas the transverse strain
gauge 32isresponsible for characterising the transverse
deformation -p.e of the device. Note that in every struc-
tural element subjected to a predominantly axial strain,
the ratio between the transverse and axial deformation
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is "-p".

[0042] The load cell 16 has at least four strain gauges:
at least two longitudinal strain gauges and at least two
transverse strain gauges. The strain gauges have a cer-
tain nominal electrical resistance R, and have the prop-
erty that, when they undergo a deformation ¢, the elec-
trical resistance thereof varies by an amount AR, there
being a linear relationship between the deformation ¢ ex-
perienced by the strain gauge and the variation in the
electrical resistance AR thereof. This linear relationship
is known as the gauge factor F and has the following
expression:

AR
P
&

[0043] Preferably, the strain gauges 12 arranged in the
device are connected to each other through an electronic
assembly in a full Wheatstone bridge, as seen in Figure
8. The assemblies in a full Wheatstone bridge are con-
ventional and are outside the scope ofthe present inven-
tion. The longitudinal gauges (gauge 31 in Figure 9) are
connected in series in the active branches of the Wheat-
stone bridge ab and cd, whereas the transverse gauges
(gauge 32 in Figure 9) are connected in series in the
passive branches of the Wheatstone bridge bc and da.
The Wheatstone bridge is powered with a certain exci-
tation voltage Vex, applied between points "a" and "c" of
the assembly ofthe example, and an output voltage Vout
measured between points "d" and "b" is obtained. In Fig-
ure 8, next to the longitudinal gauges of the branches ab
and cd, the deformation &,... &5, £n/241..- £, €XPETIENCE

by these gauges has been indicated, whereas together
with the transverse gauges of the branches bc and da,
the deformation -weq... ~peg, = Wey/241-- ~IE, EXPETi-
enced by those gauges has also been indicated, wherein
n is an even natural number. It is understood that all the
longitudinalgauges measure the same deformationcand
allthe transverse gauges measure the same deformation
-pe. When the strain gauges 12 adhered to the interme-
diate side surface 100 of the body 30 of the load cell 16
are deformed as shown in Figure 2, and said gauges
measure deformations ¢ or -pe (depending on whether
they are longitudinal or transverse gauges), an increase
in the output voltage AVout of the Wheatstone bridge is
produced. This increase in voltage AVout is linearly re-
lated to the axial deformation ¢ experienced by the de-
vice, according to the following expression. Note that the
expression is true regardless of the number of gauges
used.

1+u
AVout:T'
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[0044] The arrangement of strain gauges 12 uniformly
distributed along the intermediate side surface 100 ofthe
wall 10 of the body 30 of the load cell 16 enables the
average axial deformation ¢ of the strain gauge load cell
16 to be obtained. This average axial deformation corre-
sponds to the average of the deformations e,... g,
en/2+1--- £ €Xperienced by the longitudinal strain gauges:

n
_ Li=16i

n

[0045] Thetransverse gaugesare usedtocompensate
for thermal phenomena.

[0046] The average axial deformation ¢ is linearly re-
lated to the axial prestressing strain N existing in the pre-
stressing element or element subjected to axial strain.
This prestressing strain is the result of the product of the
average axial deformation of the device ¢ by the modulus
of elasticity E of the material from which the body of the
device is manufactured and by the average transverse
cross section Q of the load cell (at the height of the im-
aginary central line 100). The axial strain is the product
of the average compressive stress and the average
transverse cross section.

N==¢-E Q

[0047] Preferably, in orderto protect the strain gauges
12 arranged in the body 30 of the load cell 12 against
possible blows, it comprises a cylindrical protective cover
2 which at least partially surrounds the outer side surface
of the body 30. In practice, the protective cover 2 is nec-
essary to protect the gauges, since the environments
wherein the load cell 16 is used are often very aggressive.
The protective cover 2 must cover at least the portion of
the outer side surface of the body 30 wherein the strain
gauges are arranged, in other words, the side surface of
the body 30 which comprises the imaginary central line
100, which is the line defining the area wherein the strain
gauges are placed. In a preferred embodiment, wherein
the outer side wall of the body 30 has two areas with an
increased transverse cross section 7 (a first area with an
increased cross section close to the upper contact sur-
face 1 and a second area with an increased cross section
close to the lower contact surface 6, see Figure 2), the
protective cover 2 surrounds the side wall of the body 30
from the upper area with an increased cross section to
the lower area with an increased cross section, as shown
inFigure 1. Thisis also illustrated in the front cross section
of the load cell of Figure 4.

[0048] Figure 3 shows a 3D perspective view of the
protective cover 2 according to a possible embodiment
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of the invention. Holes 9, 11, 13 are illustrated in this
figure. The holes 11 (at least four in the example of Figure
3) serve for fastening the protective cover 2 to the body
30 ofthe load cell 12, for example, by means of screws.
In other words, the protective cover 2 can be fastened to
the body 30 by means of a screw joint 3 like the one
illustrated in Figure 1, in this case solved with four ordi-
nary screws. The hole 13 serves for the outlet of the pro-
tective bushing of the data transmission cable, if there is
one. It is, therefore, an optional hole. The hole 9 is an
optional hole which serves to inject a protective resin for
electrical connections (normally at the height of the area
occupied by the strain gauges) which guarantees the im-
permeability of the device. The resin is optional, but rec-
ommended for protecting the electrical connections. This
resin injection guarantees |P68 protection against pos-
sible adverse atmospheric phenomena, even enabling
the correct operation of the device completely sub-
merged in water. The volume of resin to be injected cor-
responds substantially to the volume existing between
the side surface with outer diameter @e, the two in-
creased portions (upper and lower) of the areas with in-
creased transverse cross section 7 and the protective
cover 2. This volume is schematically represented in Fig-
ure 4 by means of reference 14.

[0049] In sum, the protective cover 2, the inner diam-
eter of which is determined by the outer diameter of the
body 30, and, more specifically, by the diameter of the
perimeter with the increased area 7, guarantees the pro-
tection of the strain gauges 12 arranged in the device.
[0050] In order to guarantee the correct operation of
the device and prevent phenomena of the concentration
of normal stresses generated by a possible discontinu-
ous support of the device on an irregular bearing plate
(for example, the bearing plates 20, 28 illustrated in Fig-
ures 6 and 7, respectively) from affecting the value of the
reading ofthe load cell 16, the body 30 ofthe device must
be equipped with a minimum height h. As illustrated in
Figure 4, the height h of the load cell 16 is the distance
between the upper contact surface 1 and the lower con-
tact surface 6. Through the analysis of various finite el-
ement models, validated with laboratory tests and as-
says, the inventors have set this minimum height h at 2/5
of the outer diameter e of the body 30 of the device 16.

2

. . =z ®67
In other words, the height h must fulfil 5 pref-
h>%

erably 2 Note that this outer diameter @e is the
diameter of the body 30 without taking into account the
increased areas 7, if there are any, intended to facilitate
the fastening of a protective cover 2. Thus, the strain
gauges used for monitoring the strain in prestressing el-
ements or elements subjected to axial strain must have
a minimum height h which enables the regularisation of
normal compressive stresses in the walls of the device.
[0051] Moreover, in the case of prestressing elements
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or elements subjected to axial strains subjected to high
loads, such as bridge guy lines with loads greater than
5,000 KN, a high height h of the load cell 16 would make
the handling ofthese devices difficult. Therefore, and fur-
thermore taking into account that an excessive height
implies an increase in the economic cost ofthe cell, due,
among others, to the cost of the material from which the
body 30 is made and the machining effort (time), it is
recommended that the maximum height ofthe cell 16 not
be much higher than the minimum height. In embodi-
ments of the invention, the maximum height of the cell
16 is no more than twice the outer diameter Qe of the
body 30 of the cell 16. The height of the load cell 16 must
be chosen such that the load cell has a suitable robust-
ness and protection in order to guarantee the correct be-
haviour thereof under extreme conditions. The optimal
height of the load cell corresponds to an approximate

Pe

value of 2

[0052] Figure 11 shows a graph which represents the
analysis of the optimisation of the height h of the load
cell 16 in relation to the outer diameter @e of the body
30, with the aim of minimising the error in the reading
induced by the phenomena ofthe concentration of stress-
es generated by a possible discontinuous support of the
cellonanirregular bearing plate (forexample, the bearing
plates 20, 28 of Figures 6 and 7, respectively) in a struc-
tural element (structural element 22, 30 in Figures 6 and
7, respectively). As seen, the error induced by said phe-
nomenadecreases as the ratio between the height h and
the outer diameter Je increases and tends to stabilise
at a minimum value when the ratio between the height h
of the body and the outer diameter Je thereof is 0.5. As
this ratio exceeds 0.5, said error remains substantially
stable at that minimum value. The graph in Figure 11 has
been obtained by means of a simulation which uses a
finite element model wherein the behaviour of a load cell
manufactured with structural steel is analysed paramet-
rically, varying the height/diameter ratio. This graph can
be extrapolated to any isotropic material.

[0053] Due to the phenomena of the concentration of
stresses generated in the average transverse cross sec-
tion Q2 of the device, in other words, in the transverse
cross section of the body 30 located at substantially the
same distance from the upper surface 1 and the lower
surface 6 (in otherwords, in the transverse cross section
corresponding to the perimeter line 100 of the wall 10 of
the body 30), as a result of the possible discontinuous
support of the load cell 16 on an irregular bearing plate,
the load cell 16 must be equipped with an average trans-
verse cross section Q (cross section 15 of the body 30
at a distance equidistant from the upper surface 1 and
the lower surface 6) which must not be less than a min-
imum value. Figure 5 illustrates a transverse cross sec-
tion of the body 30 of the load cell 16, wherein the cross
section 15 of the body 30 is shown. By means of the
analysis of several finite element models, validated with
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laboratory tests and assays, this average transverse
cross section (2has been established in the one neces-
sary so that the average normal stress, also called aver-
age compression stress, before the application of the ax-
ial strain N for which the device is intended to be dimen-
sioned, does not exceed a certain value proportional to
the elastic limit fy of the material with which the body of
the device has been manufactured. Preferably, the av-
erage cross section (2 has been set at half the value of
the elastic limit fy of the material with which the body of
the device is manufactured.

[0054] Thus, starting from the fact that the average
compression strain in the load cell 16 must be less than
half the elastic limit of the material with which it is man-
ufactured, and solving the following inequality:

N
g =l

it has been obtained that the ratio between the outer di-
ameter @e ofthe body 30 andthe innerdiameter Jithere-
of must fulfil:

N T L\ 4
__|__.(Z)i . —_
VA

0, =
4
f)//2

[0055] As explained, the body 30 can be made of any
isotropic material as long as the elastic limit fy thereof is
preferably greater than twice the average compression
stress in the device. The inner diameter of the device di
corresponds to the diameter of the gap 8.

[0056] Once the measurements of the output voltage
Vout with and without deformation have been taken (and
therefore measurements of the increase in the output
voltage AVout), these measurements must be processed
and interpreted, in order to obtain the strain to which the
element being measured is subjected. To do so, process-
ing means can be used, which can include computing
means which carry embedded instructions or computer
code in order to interpret the ratio between the strain to
which the load cell 16 is subjected and the deformation
captured by the strain gauges 12 and provided by the
output signals. The processing means may belong to a
monitoring platform associated with the load cell. The
monitoring platform can further include one or more in-
put/output interfaces, such as a screen or keyboard, for
easy access to the data obtained. In order to communi-
cate the load cell, and more specifically the electronic
measurement assembly, with the processing means, dif-
ferent implementations can be used.

[0057] In a possible implementation, the powering of
the Wheatstone bridge by means of an excitation voltage
Vex and the reading of the output voltage Vout is per-
formed through a data transmission cable 4 as shown in
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Figure 1. This cable 4 needs at least four conducting
wires connected to the branches of the Wheatstone
bridge, in other words, to points "a", "b", "c¢" and "d" in
Figure 8. A possible protective bushing forthe data trans-
mission cable is illustrated in Figure 10. Thus, through a
first pair of conducting wires, the Wheatstone bridge is
powered (Vex) at points "a" and "¢", and through a second
pair of conducting wires, the output voltage (Vout) is
measured at points "d" and "b". The information (output
voltage) is then transmitted through said cable to the
processing means or, alternatively, to storage means (for
example, a memory), to which the processing means can
have access. In general, the information obtained can be
taken to the monitoring platform associated with the load
cell.

[0058] In an alternative implementation, schematically
illustrated in Figure 12, instead of a data transmission
cable for transporting the obtained measurement data,
awireless communication system is used. The electronic
assembly (voltage Vex between points "a" and "c") is
powered by means of a power system located next to
theload cell. In a possible embodiment, the power system
is implemented by means of a battery (not illustrated). In
another possible embodiment, the power system is an
autonomous power system (not illustrated) based on so-
lar panels, implemented using an electronic circuit. Pref-
erably, the power supply system and corresponding cir-
cuit are encapsulated in a box, which can be located ex-
ternally to the load cell 16 or even inside it if possible (for
example, in the case of the battery).

[0059] The data of the output voltage Vout measured
in the electronic assembly is sent remotely to the place
wherein it is to be stored and/or processed, such as to
the monitoring platform with which the load cell is asso-
ciated. In order to carry out the remote sending of the
data, a wireless communication network is used. Prefer-
ably, aLoRa (Long Range) network is used. Alternatively,
otherwireless networks can be used, such as Wi-Fi, Blue-
tooth, or others. Figure 12 illustrates a possible imple-
mentation of a network for the remote sending of data.
The data of the measured output voltage is conducted
through respective wires from points "d" and "b" (Vout)
of the electronic assembly 40 to a wireless transmitter
device 42 provided with an antenna, such as a LoRa
transmitter. Note that an electronic board (for example,
printed circuit board) of the wireless transmitter device
42 can be embedded in the load cell 16 itself, with all the
electronics being embedded with the cell itself.

[0060] In order to power the wireless device 42 (for
example, to perform the readings and send the voltage
Vout) a battery, such as a lithium battery, is preferably
used. The wireless transmitter device 42 in turn wireless-
ly communicates with a wireless receiverdevice 43, such
as a LoRa receiver device. The receiver device 43 may
be a gateway. One same wireless receiver device 43,
such as a gateway, can be simultaneously connected to
aplurality of load cells 16 through the corresponding wire-
less transmission devices 42, thus establishing a mesh
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of wireless transmitter nodes connected to the same
gateway. The equipment of the wireless telecommunica-
tions network, as well as the interconnection and com-
munication thereof, are outside the scope of the present
invention. As the wireless transmitter device 42, a con-
ventional low-power device is preferably used. Due to
the low consumption thereof, it is not necessary to resort
to an electrical outlet to power it, since a conventional
battery, such as the aforementioned lithium battery, for
example 3.6 volts, provides a battery life of at least one
year, or several years, depending on the frequency of
data sending.

[0061] Preferably, the electronic assembly 40 (in the
example, a Wheatstone bridge assembly like the one in
Figure 8) is provided with a potentiometer 41 arranged
between point "b" and the wireless transmitter device 42,
in order to adjust the reading range and/or the starting
point thereof. Thus, depending on the value of the ad-
justable variable resistance of the potentiometer 41, the
value of Vout measured between points "b" and "d" is
modified. This is due to the fact that, depending on the
type of sensor (gauges) connected, it may be necessary
to adjust said range by varying the sensitivity of the gaug-
es. The output voltage Vout depends on the power volt-
age Vex, the current and the resistance of the circuit,
which varies depending on the sensitivity of the sensors
(gauges). Depending on the type of wireless transmitter
device 42, current values (for example, between 4-20
mA) orvoltage values (for example, 0-10 V) can be meas-
ured. The potentiometer 41 makes it possible to adjust
the minimum load value (forexample, 0 KN (KiloNewton))
on the cell to a minimum output current (for example, 4
mA). Depending on the balance of the Wheatstone
bridge, it is sought that a maximum value (for example,
of current, such as 20 mA) coincides with the maximum
possible load on the cell. A linear relationship is thus es-
tablished between the load on the cell and the output
current (or voltage, if voltage were measured), for exam-
ple, in a range required by the antenna of the wireless
transmitter device 42. The potentiometer 41 introduces
a variable resistance to the voltage output signal Vout so
that it can be adjusted to said range. For example, in one
possible implementation, a LoRa transmitter device is
used the antenna of which requires a range of 4-20 mA.
The potentiometer 41 enables the current at the output
of the assembly 40 to be adjusted to this range. Thus,
for example, an output of 4 mA corresponds to an initial
load value of the load cell 16 of 0 KN, whereas 20 mA
indicates the highest admissible load value in the cell 16.
The potentiometer 41 is connected at one of the ends
thereof to point "b" of the electronic assembly 40 and at
the other end, for example, through a small cable, to the
wireless transmitter device 42. To do so, the potentiom-
eter 41 can be optionally arranged on a printed circuit
board (not illustrated) in order to facilitate the location
thereof nextto the load cell. The set ofthe wireless trans-
mitter device 42 and associated electronics (potentiom-
eter, circuitry, etc.) can be embedded in the load cell 16
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itself, all the electronics being embedded with the cell
itself.

[0062] Theraw datawhichisextracted fromthe Wheat-
stone bridge 40 are voltage records (Vout, or Vout ad-
justed by the potentiometer41, ifthere is one) associated
with the instant of time when they were produced. Once
received in the wireless receiver device 43, the data or
records can be stored in storage means 44, such as a
database associated with a local server 45. The signal
obtained from the Wheatstone bridge 40 is an analogue
signal which is encoded for example in 4-20 mA format,
as explained.

[0063] In order to interpret the reading received in the
wireless receiver device 43, specific software can be
used, such as Node-RED software, hosted for example
in the local server 45. The information received (also
called the payload) may need a translation or conversion
from the communication format of the wireless receiver
device 43 (for example, hexadecimal format) to another
format (for example, alphanumeric), such that a current
value (for example, within the range of 4-20 mA) or volt-
age value is obtained. This can be performed at any point
wherein the data is collected, either on a local server 45
or a remote server 47. Using calibration lines made in
previous tests in the laboratory, the analogue value read
(for example in mA) is translated into the corresponding
axial load value thereof. Once the axial load value to
which the load cell 16 is subjected has been obtained,
the axial load value can be stored in a database 46, for
example a remote one, hosted on a remote server 47,
such as aweb server. This web server can be accessed
through the monitoring platform associated with the load
cell, such that the monitored axial load value can be ob-
tained. Alternatively, a single server and associated da-
tabase can be used which encompasses both the local
server 45 and storage means 44, as well as the remote
server 47 and database 46.

[0064] Next, two suitable standard assemblies are
shown fortwo examples of elements to be characterised.
As those skilled in the art will understand, these assem-
blies may vary depending, forexample, on the prestress-
ing element to be characterised.

[0065] Figure 6 shows a diagram of a standard assem-
bly for tensioning (application of stress) a bar-type pre-
stressing element 23 by means of a hollow extrusion hy-
draulic cylinder. In the assembly, the position ofthe strain
gauge load cell 16 is illustrated. In this case, the anchor
plate or block in contact with which the upper contact
surface 1 of the load cell 16 is located, is formed by an
anchor nut 24 and a washer 25. In turn, the bearing plate
or block in contact with which the lower contact surface
6 of the load cell 16 is located, is formed by the element
20, which rests on astructural element 22. In the example
shown, the tensioning of the prestressing element or el-
ement subjected to axial strain 23 is performed by using
a hollow extrusion jack 17 which stretches the prestress-
ing element or element subjected to axial strain 23 by
means of pushing a reaction plate 19 fastened to the
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prestressing element or element subjected to axial strain
23 through a reaction nut 18. in order to enable the ten-
sioning ofthe prestressing element or element subjected
to axial strain 23 without affecting the anchor nut 24 re-
sponsible for maintaining the prestressing element or el-
ement subjected to axial strain 23 with the prestressing
strain applied by the hollow extrusion jack 17, it is nec-
essary to arrange a tensioning bridge 21 between the
bearing plate 20 in the structural element 22 and the hol-
low extrusion jack 17. Once the prestressing force has
been applied with the hollow extrusion jack 17, the anchor
nut 24 must be rotated and tightened properly. In order
to ensure a correct support on the upper contact surface
1 of the load cell 16, a washer 25 is arranged between
the anchor nut 24 and the upper contact surface 1. Once
the anchor nut 24 has been tightened, the pressure is
released in the hollow extrusion jack 17, leaving the pre-
stressing element or element subjected to axial strain 23
with the initial prestress value thereof. During this oper-
ation, certain instantaneous losses occurdue to the tight-
ening of the anchor nut 24. The quantification of these
losses and consequently the real initial prestress value
is one of the objectives of the invention.

[0066] Figure 7 shows a standard assembly diagram
for the tensioning of prestressing units consisting of
strands 29 (specifically three 0.6" strands 29). In the as-
sembly, the position of the strain gauge load cell 16 is
illustrated. In this case, the anchor plate or block in con-
tact with which the upper contact surface 1 of the load
cell 16 is located, is formed by an element 27. In turn,
the bearing plate or block in contact with which the lower
contact surface 6 of the load cell 16 is located, is formed
by the element 28, which rests on a structural element
30. In this case, the prestressing unit is tensioned by
means of the use of a multi-strand jack 26 capable of
simultaneously stretching the three strands 29 making
up the prestressing unit. These multi-strand jacks 26 are
provided with internal wedges which are responsible for
fastening the multi-strand jack 26 to the prestressing
strands 29, for which reason it is not necessary to have
areaction element as in the case oftensioning prestress-
ing bars. The final anchor of the prestressing unit is car-
ried out by means of the anchor plate or block 27, also
provided with wedges in orderto guarantee the anchoring
of the prestressing strands 29. In this case, the arrange-
ment of a tensioning bridge is not necessary, but rather
the tensioning jack (multi-strand jack) 26 rests directly
on the anchor plate 27. When the pressure of the ten-
sioning jack is released, the wedges of the anchor plate
27 are driven into this plate and the prestressing unit is
left with the initial prestress value thereof. During this
operation there are certain instantaneous losses due to
wedge penetration. The quantification of these losses
and consequently the real initial prestress value is one
of the objectives of the invention. The anchor plate 27
rests on the load cell 16 and this in turn rests on the
bearing plate 28 in the structural element 30.

[0067] The load cell of the invention makes it possible
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to determine the axial strain in prestressing units or ele-
ments, and in structural elements subjected to axial
strain, eliminating the errors induced by irregular support
conditions. This is achieved by optimising the thickness
of the side wall of the body which forms the load cell and
of the height of said body, together with a uniform distri-
bution of strain sensors in the side wall of the body of the
load cell. The internal and external diameters of the body
of the load cell define the transverse cross section in the
central portion of the load cell in order to guarantee a
normal stress lower than the elastic limit of the material
with which said body is manufactured. This guarantees
the uniformisation of stresses in the average cross sec-
tion of the device.

[0068] Inthistext,theword "comprises"and its variants
(such as "comprising", etc.) should not be understood in
an exclusive sense, i.e., they do not exclude the possi-
bility of that which is described including other elements,
steps, etc.

[0069] Moreover, the invention is not limited to the spe-
cific embodiments described herein, but rather encom-
passes, for example, the variations that a person skilled
in the art could make (for example, regarding the choice
of materials, dimensions, components, configuration,
etc.), within the scope of what may be deduced from the
claims.

[0070] The present invention covers all possible com-
binations of particular embodiments. For those skilled in
the art, other objects, advantages and features of the
invention will be deduced from both the description and
the practical use of the invention.

Claims

1. Astrain gauge load cell (16) for monitoring the strain
in a prestressed element or element subjected to
axial strain, comprising:

a hollow cylindrical body (30), wherein said body
(30) defines an upper surface (1) configured to
be in contact with an anchor plate; a lower sur-
face (6) configured to be in contact with a bearing
plate; and a side wall (10) delimiting a hole (8)
which extends from the upper surface (1) to the
lower surface (6), said hole being configured to
introduce a prestressed element or element
subjected to axial strain of which the axial strain
is to be obtained; wherein said body (30) has an
outer diameter &g and an inner diameter @i de-
fining the thickness of said side wall (10), the
innerdiameter @i being the diameter ofsaid hole
(8,

a plurality of strain gauges (12) arranged on the
side wall (10) of the body (30), wherein each
straingauge (12) is located at an equidistant dis-
tance between the upper surface (1) and the
lower surface (6) of the body (30), the strain
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11

gauges (12) being connected by means of an
electronic assembly (40) in a full Wheatstone
bridge, wherein said electronic assembly (40)
provides an output voltage,

the strain gauge load cell (16) being character-
ised in that the height h of the body (30) is

2
h 2 _Q)e,
5 and said outer diameter &, fulfils
the following:
0, > N N T 0.2 4
€= 4 7t o

wherein N is the axial strain for which the strain
gauge load cell (16) has been dimensioned and
fy is the elastic limit of the material with which
the body (30) of the strain gauge load cell (16)
has been manufactured.

The strain gauge load cell (16) of claim 1, wherein

h>2e
the height h of the body (30) is 2

The strain gauge load cell (16) of any of claims 1-2,
further comprising a protective cover (2) which sur-
rounds and protects the plurality of strain gauges
(12).

The strain gauge load cell (16) of claim 3, wherein
the side wall of the body (30) has at least one in-
creased area (7) with a diameter larger than said
outer diameter &, of the body (30), said increased
area (7) being configured to fasten the protective
cover (2) around said body (30).

The strain gauge load cell (16) of claim 3, wherein
the side wall ofthe body (30) hastwo increased areas
(7) with a diameter larger than said outer diameter
J, ofthe body (30), configured to fasten the protec-
tive cover (2) around said body (30).

The strain gauge load cell (16) of any of claims 1-5,
wherein the hollow cylindrical body (30) has been
obtained by machining.

The strain gauge load cell (16) of any of claims 1-6,
whereinthe body (30) is made of an isotropic material
the elasticlimit fy ofwhich is greaterthan the average
compression stress in the strain gauge load cell (16).

The strain gauge load cell (16) of claim 7, wherein
the body (30) is made of an isotropic material the
elastic limit fy of which is greater than twice the av-
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erage compression stress in the strain gauge load
cell (186).

The strain gauge load cell (16) of any of claims 1-8,
wherein the arrangement of the plurality of strain
gauges (12) on the side wall (10) of the body (30) at
an equidistant distance between the upper surface
(1) and the lower surface (6) ofthe body (30) enables
the average axial deformation ¢ of the strain gauge
load cell (16) to be obtained, the average axial de-
formation ¢ being linearly related to the axial pre-
stressing strain N existing in the prestressing ele-
ment or element subjected to axial strain to be char-
acterised:

N=c¢ E-Q

wherein E is the modulus of elasticity E of the mate-
rial with which the body (30) has been manufactured,
N is the axial strain existing in the prestressing ele-
ment or element subjected to axial strain to be char-
acterised, and Q is the average transverse cross
section of the load cell (16).

A system for monitoring the strain in a prestressed
element or element subjected to axial strain, com-
prising:

a strain gauge load cell (16) according to any of
claims 1-9, and

means for reading the output voltage provided
by the electronic assembly in a full Wheatstone
bridge.

The system of claim 10, further comprising process-
ing means for, from said output voltage, obtaining
the axial strain to which the prestressed element or
element subjected to axial strain is subjected.

The system of any of claims 10-11, wherein the
means for reading the output voltage provided by
the electronic assembly in a full Wheatstone bridge
are implemented by means of a data transmission
cable (4).

The system of any of claims 10-11, wherein the
means for reading the output voltage provided by
the electronic assembly in a full Wheatstone bridge
comprises a connection to a wireless transmitter de-
vice (42) configured to send the information obtained
from the electronic assembly to a wireless receiver
device (43) through a wireless communication net-
work.

The system of claim 13, further comprising storage
means (44) for storing the information received by
the wireless receiver device (43) and processing
means connected to said wireless receiver device
(43) and configured to, starting from said output volt-
age, obtain the axial strain to which the prestressed
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15.

22

element or element subjected to axial strain is sub-
jected.

The system of any of claims 13-14, further compris-
ing a potentiometer (41) for adjusting the reading
range ofthe output voltage provided by the electronic
assembly.
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