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INTRODUCTION
Structural monitoring is a process aiming at providing accurate and in-time information concerning structural
condition and performance. It consists of permanent continuous, periodical or periodically continuous
recording of representative parameters, over short- or long-terms. The information obtained from monitoring
is generally used to plan and design maintenance activities, increase the safety, verify hypothesis, reduce
uncertainty and to widen the knowledge concerning monitoring structure. Long-gage fibre optic sensors were
successfully applied to achieve the aims of monitoring. Beside the general advantages of optical fibre
sensors, such as insensitivity to environmental influences and high stability and accuracy, these sensors
allows monitoring at global structural level using limited number of sensor. A very important issue in global
structural monitoring is the selection of architecture of the sensor network, and this is the topic of this paper.
The structure is divided in small elements, called cells and each cell is equipped with the sensor
combination, called topology, that is the most suitable to monitor the efforts expected in the cell. For example
in case of cell bended in one plane, two sensors parallel to the axis of the cell are used, while in case of
axially loaded elements single sensor parallel with the axis of element is used or in case of cell exposed to
strong shear efforts a pair of crossed sensors is used. After the strain field in each cell is known, all the cells
are “connected” using appropriate algorithms and the global structural deformation is determined. The
different types of sensor topologies and their real on-site applications are presented in this paper. A concept
described in this paper is similar to Finite Element Method used to calculate the efforts in the structure and
that is why it is unconventionally called Finite Element Structural Monitoring Concept.
Keywords: finite element structural monitoring concept, long-gage sensors, sensor topologies, monitoring
concrete structures

STRUCTURAL MONITORING – BASICS
Civil structures are omnipresent in every society, regardless of culture, religion, geographical location and
economical development. It is difficult to imagine a society without buildings, roads, rails, bridges, tunnels,
dams and power plants. Structures affect human, social, ecological, economical, cultural and aesthetic
aspects of societies and associated activities contribute considerably to the gross internal product. Therefore
good design, quality construction as well as durable and safe exploitation of civil structures are goals of
structural engineering.
The most safe and durable structures are usually structures that are well managed. Measurement and
monitoring often have essential roles in management activities. The data resulting from the monitoring
program is used to optimise the operation, maintenance, repair and replacing of the structure based on
reliable and objective data.
Structural monitoring is a process aiming at providing accurate and in-time information concerning structural
condition and performance. It consists of permanent continuous, periodical or periodically continuous
recording of representative parameters, over short- or long-terms. The information obtained from monitoring
is generally used to plan and design maintenance activities, increase the safety, verify hypothesis, reduce
uncertainty and to widen the knowledge concerning monitored structure. In spite of its importance the culture
on structural monitoring is not yet widespread. It is often considered as an accessory activity, which doesn’t
require detailed planning. The facts are rather the opposite. Monitoring process is very complex process full
of delicate phases and only a proper and detailed planning of each of its steps can lead to its successful and
maximal performance.
Main steps of the structural monitoring process are selection of monitoring strategy, installation of monitoring
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system, maintenance of monitoring system, data management and ending activities in case of interruption of
monitoring. Each of these steps is also complex itself, e.g. monitoring strategy consists of definition of
monitoring aim, selection of representative parameters to be monitored, selection of monitoring system,
definition of sensor network design and establishment of schedule of monitoring.
The main actors involved in monitoring are the monitoring authority(ies), the monitoring company(ies) and
the contractor(s). The company devoted to monitoring (monitoring company) is responsible to develop the
monitoring strategy in collaboration with the responsible authority (owner of structure, legal authority etc.).
The same company is responsible for delivery of the monitoring system. The responsible authority interacts
with monitoring company and provides for input monitoring parameters. The same authority is later
responsible for maintenance, collection and exploitation of data (directly or by subcontracting to monitoring
company). The installation of monitoring system is usually performed by contractor with support of the
monitoring company and the responsible authority. The five monitoring core activities, the actors involved in
monitoring process and their mutual interactions are presented in Figure 1 [1].

Selection of monitoring strategy

Decides

Mon. authority

Delivers m.s.
Supports or
carries out

Installation of monitoring system
Data management

Mon. Company

Carry out

Maintenance

Contractors

Ending activities
Fig. 1. The five core activities involved in monitoring process and their interactions.

FINITE ELEMENT STRUCTURAL MONITORING CONCEPT
The most important activity in structural monitoring is certainly selection of the monitoring strategy. The
selection of monitoring strategy depends on parameters to be monitored, such as average strains and
curvatures in beams, slabs and shells, average shear strain, deformed shape and displacement, crack
occurring and quantification as well as indirect damage detection. The use of separate monitoring systems
based on different technologies for each of mentioned parameters would be costly and complex from the
point of view of installation and data assessment. This is why it is reasonable to use only limited number of
monitoring systems and types of sensors.
To perform a monitoring at a structural level it is necessary to fill the structure, or a part of it with sensors.
However, to keep costs of monitoring reasonably low, still extracting maximum data from the system, it is
necessary to place a limited number in sensors in the representative positions on the structure respecting
certain rules.
The Finite Element Structural Monitoring Concept actually offers this possibility. The structure is firstly
divided into cells (see Figure 2). Each cell contains a combination of sensors appropriate to monitor
parameters describing the cell’s behaviour. The combination of sensors installed in a single cell is called
sensor topology [2]. The most used are the simple topology, the parallel topology, the crossed topology and
the triangular topology.
E.g. the cells subject to bending in plane are equipped with parallel topology, i.e. with two sensors parallel to
the elastic line of the cell (see Figure 2); the cells subject to important shear forces are equipped with
crossed topology, i.e. with the pair of crossed sensors; the cells exposed to axial forces are equipped with
the simple topology; finally, the cells with points exposed to important plane movements, (e.g. excessive
relative displacement, cracks, joints etc.) are equipped with the triangular topology.
Knowing the behaviour of each cell, it is possible to retrieve the behaviour of the entire structure using
appropriate integration algorithms. Practically the results obtained from each cell are “linked” in order to
2
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retrieve the global structural behaviour. Such concept is similar to Finite Element Method used to calculate
the structures and that is the reason why it is unconventionally called Finite Element Structural Monitoring
Concept (FESMC). For the reasons of simplicity of presentation, only planar problems are presented in this
paper.
Cell Dn
Cell Dn-1
Cell D2
Cell D1
Inclinometer

Triangular topo- Parallel topology
logy for planar for bended cells
movement

Crossed
topology for cells
subject to important
shear loads

Deformation
sensors
Temperature
sensors

Simple topology
for uni-axially
loaded cells

Cell P1
Cell P2
Cell Pn

Fig. 2. Schematic representation of structure monitored using FESMC.

Particularities of concrete monitoring – long-gage sensors
Observed at the meso-level, the concrete is inhomogeneous material consisting mainly of the porous matrix,
aggregate and structural cracks. Observed at the macro-level, the concrete is considered as homogenous
material that can be affected by local defects, such as cracks related to damage, air pockets and inclusions.
In the engineer practice the concrete is analysed at macro-level. Therefore, for structural monitoring
purposes it is necessary to use sensors that are insensitive to meso-level material discontinuities.
The long-gage deformation sensor, by definition, is a sensor with a gage-length several times longer than the
maximal distance between discontinuities or the maximal diameter of inclusions in monitored material [3].
E.g. in case of cracked reinforced concrete, the gage length of long-gage sensors is to be several time
longer than both, maximum distance between cracks and diameter of inclusions.
The measurement obtained using a long-gage sensor is in fact average strain between the two points in
which the sensors is firmly connected to the structure. Main advantage of this measurement is in its nature:
since obtained by averaging the strain over long measurement basis it is not influenced by local material
discontinuities and inclusions. Thus, the measurement contains information related rather to global structural
behaviour and not to a local material behaviour. Figure 3 illustrates this statement.
Radius of curvature rc
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Fig. 3. Comparison between the long-gage and short-gage sensors measurement on the bended concrete element.

For the reasons of simplicity, let concrete element (beam) subject only to bending moments at its extremities
as shown in Figure 3. Consequently, the most relevant parameters to be monitored at the structural level are
the curvature and radius of curvature. To monitor curvature, it is necessary to use at least two sensors
3
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installed in the same cross-section but with different distance from the neutral axis. By preference, one
sensor is installed in the compressed area of concrete, i.e. on the top of the cross-section and the other
sensor is installed in the tensioned (and cracked) area of the concrete, i.e. at the bottom of the cross-section.
Let 1-1 and 2-2 two arbitrary selected cross-sections equipped with short-gage sensors. The notation for
these sensors is “g” with indexes “t” for top, “b” for bottom and, 1 and 2 for section 1-1 and 2-2 respectively
(see Figure 3). Let two parallel long-gage sensors (notation “s” in the Figure 3) installed on the top and
bottom of the cross-sections as shown in Figure 3. For the reasons of comparison, let the top sensors
installed at the same distance from the neutral axis with the same principle used for the bottom sensors as
well. Finally, let all the sensors installed before the element is loaded i.e. before the cracks occurred.
After the load is applied to concrete, the element bends with radius of curvature rc, the cracks occur with an
approximate opening of wc, and the elastic line (neutral axes in the cross-sections) moves toward
compressed area of concrete. As the extreme cases let one crack occur exactly on the short-gage sensor
g2b, and let the other crack occur in a manner that the short-gage sensor g1b is exactly in the middle between
two cracks (see Figure 3). In case of homogenous material, the equation to calculate the radius of curvature
is the following:

1 εb − ε t
=
rc
h

(1)

where εb and εt are strains monitored on the top and at the bottom of the cross-section using the
corresponding pair of sensors and h is distance between the sensors.
All the sensors (short- and long-gage included) installed on the top of the cross-section are in the
compressed area of concrete, placed at the same distance from the neutral axis and consequently are
supposed to measure the same value of the strain. Contrary the sensors installed at the bottom of the crosssections will measure mutually different values: the short-gage sensor g1b will measure strain in tensioned
part of the concrete, (i.e. very small value in terms of microstrains), while the short-gage sensor g2b will
practically measure the crack opening (i.e. extremely big value in terms of microstrains) if not broken due to
crack opening. The long-gage sensor will measure an average strain with value taking into account the
variations of the strain in concrete and crack openings.
The short-gage sensor g1b practically provides information on local material level, but along with short-gage
sensor g1t cannot be used to evaluate radius of curvature, i.e. can not be used for monitoring at structural
level; the equation (1) applied with the short gage sensors installed in section 1-1 will give underestimated
values of the curvature.
The short-gage sensor g2b also provides information on local material level, i.e. about the crack opening, but
cannot be used along with short-gage sensor g2t to evaluate radius of curvature, i.e. can not be used for
monitoring at structural level; the equation (1) applied with the short gage sensors installed in section 1-1 will
give overestimated values of the curvature.
However, the equation (1) is still valid in case of long-gage sensors, i.e. the information that they provide is
relevant for monitoring at structural level. Thus, the long-gage sensor by its nature follow the behaviour of
concrete fully respecting the philosophy of the reinforced concrete as a homogenous material at macro level.
The long-gage sensor has advantage of combining in different topologies, depending on geometry and type
of structure to be monitored, allowing monitoring and determination of several important structural
parameters with the same network of sensors.
Detailed presentation of long-gage sensor functioning as well as detailed presentation of the long-gage
sensors topologies exceed the topics of this paper and can be found in literature [2, 3]. The most used
topologies and their applications are briefly presented as follows.

Simple topology
Simple topology consists of single sensor installed by preference in a direction of principal strain. It is mainly
used for monitoring linear structural elements (beams) subjected to axial compression or traction combined
with longitudinal shear stresses and dead load (see Figure 4), e.g. piles or columns. In these cases no
bending occurs and the strain is constant over the cross-section of the beam. Thus, the sensor can be
installed regardless to the position in the cross-section, and provide information directly related to the
structural behaviour of the monitored elements. Example of a cell equipped with simple topology subjected to
normal stresses (σi), longitudinal shear stresses (friction τi) and dead load (gi), is presented in Figure 4.
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Fig. 4. Example of cell with simple topology and main results obtained using enchained simple topology for pile
monitoring.

If several cells containing the simple topology are enchained and fully cover the monitored element, then
distribution of strain along the element as well as relative displacement in direction of element can be
retrieved. The relative displacement is obtained as integral of strain. In addition, if the Young modulus and
thermal expansion coefficient of construction material are known, and time dependent strain (shrinkage and
creep) can be estimated, then the distribution of normal forces can be qualitatively determined. An example
of the simple topology applied on pile and the results are presented in Figure 4 [4].
In case of structures supported on columns, it is recommended to use so-called scattered simple topology.
Practically the simple topology is installed in several supporting columns and the measurements analysed at
the global level. Example of sensor network applied on a ground level columns of a high-rise residential
building and the monitoring results collected over more than for years following construction are presented in
Figure 5 [5].
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Fig. 5. Example of network with scattered simple topology and results obtained during 4 years

In the rare cases simple topology is used when the strain field in monitored element is complex, and principal
strain is not in direction of the sensor. In this case the sensor will measure the average strain in the direction
of its gage-length or the relative displacement between two points, but no direct conclusions concerning the
structural behaviour of monitoring element can be carried out.
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Parallel topology
Parallel topology consists of two parallel sensors with equal gage lengths installed at different levels of
structural element cross-section. Direction of sensors corresponds by preference to the directions of normal
strain lines. Parallel topology is schematically presented in Figure 3. The parallel topology is used for
monitoring of parts of structure subject to bending: the sensors installed at different levels in cross-section
will measure different values of average strain allowing monitoring of average curvature in the cell. The
average curvature is calculated assuming that the Bernoulli hypothesis [6] is satisfied (plane cross-sections
of the pile remain plane under loading) using the Expression (1).
Since the curvature is directly proportional to bending moment, the distribution of curvature helps to
qualitatively determinate distribution of bending moments. If Young modulus, moment of inertia and thermal
expansion coefficient are known, and time dependent deformations can be estimated, then the distribution of
bending moment can be quantified.
If monitored part of structure contains representative number of cells equipped with parallel topology (e.g. for
beams the minimum number is three) then the average curvature can be monitored in each cell, and
consequently the distribution of curvature over entire monitored part of structure can be retrieved. Deformed
shape of monitored part of the structure is obtained by double integration [6] of curvature. If, in addition, two
characteristics related to absolute displacement are monitored (e.g. displacements in two points or one
displacement and one rotation) and these characteristics are used as boundary conditions for double
integration, then it is possible to determinate absolute displacement perpendicular to direction of sensors.
Examples of determined deformed shape of the bridge and the pile monitored during the load tests are
presented in Figure 6 [6]. The sensor network of the pile [4] is similar to network shown in Figure 4, with
exception that each cell contains two parallel sensors.
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Fig. 6. Deformed shapes of bridge and the pile under the load tests.

Position of neutral axis with respect to bottom sensor can be determined from measurements using
appropriate expressions [7]. If the ultimate strain in concrete is known, then from geometrical proportion and
position of neutral axis it is possible to determine depth of cracks as well as sum of their openings in each
cell. Example of the determination of ultimate strain in concrete and the crack depth analysis for the pile test
presented in Figure 6 is shown in Figure 7 for the Cell 2 (depth 8 to 12 m).
0.9

800
700
600

0.8

y10= y1t

500

0.7

y1t

ε1t*

0.6
0.5

400

0.4

300

0.3

200

εbu≈60µε

tcocr≈12h00

100

0.2
0.1

Distance y1t [m]

Average strain [µε]

1.0

y10≠ y1t

900

Average crack depth [m]

1000

0
0.0
10:19 10:48 11:16 11:45 12:14 12:43 13:12 13:40 14:09 14:38 15:07 15:36 16:04

Time [hh:mm]

1.0
0.9
0.8
0.7
0.6
0.5

dct
i

dct – more accurate

0.4
0.3
0.2
0.1
0.0
10:19 10:48 11:16 11:45 12:14 12:43 13:12 13:40 14:09 14:38 15:07 15:36 16:04

Time [hh:mm]

Fig. 7. Determination of ultimate strain in concrete, crack occurring and crack depth analysis.
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Crossed topology
Crossed topology consists of two crossed sensors installed with a pre-defined angle with respect to direction
of normal strain lines. The aim of this topology is to detect and quantify shear strain. The angles of sensors
are by preference identical by value, but different by sign. However, it is possible to use sensors with
different angles.
The algorithm allowing retrieving of shear strain depends on angles of both sensors, their gage-length and
strain field in the equipped cell. Since the measurements of sensors are influenced by normal strain too, it is
recommended to set the crossing point at neutral line. In such a way the influences of normal strain will be
annulled. Example of crossed topology for sensor angles of +αs,i and –αs,i, is presented schematically and in
an on-site application, in Figure 8.

ϕt

Vt

Cell i
αs,i

αs,i

Vt

Sensor “1”
Sensor “2”
Fig. 8. Example of crossed topology, presented schematically and in real on-site application

Crossed topology is mainly to be used as complement to the parallel topology, but it can also be used in an
independent way for monitoring stiffenings, walls etc. The position of the sensors and the results obtained
during the pre-stressing of a steam cured prefabricated skewed girder using long-gage sensors is presented
in Figure 9.
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Shear due to torsional moment = ½(A-C)
Fig. 9. Network of crossed topologies embedded in skewed girder cross-section and monitoring during the first days after
the pre-stressing.

Triangular topology
The triangular topology is used when the planar relative displacement between different points of structure is
of interest. The most common applications of the triangular topology are monitoring of crack and joint
openings. The full triangular topology is schematically presented in the left-hand side of Figure 10. However,
the most applications on cracks and joints are performed using reduced triangular topology as shown in the
right-hand side of the Figure 10, where the sensor connecting two points on the same side of the crack or
7
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joint is not installed. This omission is possible since the order of magnitude of measured crack or joint
opening is several times bigger than the order of magnitude of relative displacement between the two points
on the same side of the crack or joint.
v1,i
yi

1

Sensor “3”

u1,i

Sensor “2”
Cell i
α2,i

α3,i
2

u3,i
Sensor “1”

3

xi

Fig. 10. Triangular and reduced triangular topology.

Beside traditional applications of the triangular topology in cracks and joint monitoring it is possible to use
this topology also for monitoring in larger scale. Typically, it can be used for monitoring of masonry structures
as shown in Figure 11.

Sensor
Inclinometer
Thermocouple

Fig. 11. Application of the triangular topology to historical building and masonry bridge.

Border conditions
The deformation sensors provide for information concerning the internal condition of the structure, but it is
often required to know the conditions of interaction between the structure and environment, since it can be
the cause of malfunctioning of the structure. Typical examples are settlements of foundations, rotations of
columns etc.
The deformation sensors cannot provide for such information and that is why the other type of the sensor is
to be present on the structure. One solution is to use vertical displacement sensors, traditional, such as
LVDT or bore extensometers, advanced, such as optical fibre or GPS based or surveying such as thedolites
and lasers. These vertical displacement sensors can be combined with inclinometers (tilt-meters). E.g. for a
simple beam we can use either two vertical displacement sensors or one vertical displacement sensor and
one inclinometer.
However, the use of vertical displacement sensors can significantly increase the cost of monitoring and
makes data management more complex. Simplified approach based on use of inclinometers only, by
8
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preference compatible with the technology of deformation sensors, can be more cost effective with the limit
that the absolute vertical displacement of the whole structure observed as a rigid body cannot be measured.
The settlement of the whole structure as a rigid body does not imperil the function of structural elements, and
therefore in the most of applications, although recommended, can be ignored during the monitoring.

Temperature, creep, shrinkage
The long-gage deformation sensors and their applications are presented in the previous sections. These
sensors measure total average strain, but are not able to automatically separate the strain components such
as strain due to load, thermal strain, creep and shrinkage. In order to correctly interpret results of monitoring
it is important to understand all of the strain components and possibly to determine or evaluate their part in
the total monitored average strain. The engineers are mostly interested in estimation of the strain due to
load.
The temperature variations can generate very important dimensional changes in concrete elements. If
temperature variations are not monitored it is impossible to determine the thermal strain changes and
consequently important error is involved in the estimation of stresses. E.g. for concrete with thermal
expansion coefficient ranged between 8 to 12 µε/°C and with Young modulus ranged between 25 to 50 GPa,
temperature variation of 10°C can generate the strain equivalent to the strain generated by loading stress of
2 to 6 MPa.
Another example comes from the practice: the same girder as presented in Figure 9 were also equipped with
spatial parallel topology of long-gage sensors in the middle of the span and with temperature sensors
installed next to each long-gage deformation sensor. The girder was monitored during the early age, prestressing, the transportation to storage area and during the storage. The thermal strain variations due to day
and night temperature change are recorded and presented in Figure 12.

Very early
age
Early age
Pre-stressing

Transport

Temperature,
shrinkage

C

A
creep,
B

Fig. 12. Thermal strain variations due to day and night temperature variations.

It is important to notice in Figure 12 that the strain generated by variation of temperature from –10°C to
+10°C have the magnitude equal to 1/3 of the strain generated by pre-stressing. The expected working
temperature range of girders is from –20°C to +50°C and the magnitude of the thermal strain can be very
close to the magnitude of pre-stressing strain. Taking into account the importance of the thermal strain, it is
highly recommended to monitor temperature simultaneously with the deformation.
While the thermal strain can be estimated from the temperature monitoring, the creep and shrinkage cannot be
simply separated from total strain. There are in general two approaches: determination from the specimens
built and monitored for the purpose, and estimation from numerical models. The first approach requires longterm monitoring of specimens specially cured and loaded, which can be expansive and unpractical, but
provides with high accuracy results. This approach is justified in case of very particular structures. The other
approach is less accurate, but more practical and less expensive, still giving satisfactory results. The separation
of the strain components using the second approach based on CEB-FIP model code 1990 [8] in case of
column monitoring of high-rise buildings (see Figure 5) is presented in Figure 13.
The temperature was not monitored and thermal strain was neglected. The total designed strain calculated
using CEB-FIP model code 1990 is compared with monitored strain. The designed total strain in column C3
9
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is practically equal to measured total strain indicating that the performance of the column follows numerical
calculus [5]. As shown in the Figure 13, a direct comparison of the monitored total stain with the load strain is
practically impossible, and estimation of creep and shrinkage is necessary to correctly interpret the results.
Strain components, column C3
0

Average strain [ µε]

-100
-200
-300
M easured (total)
Shrinkage (CEB-FIP)

-400

Creep (CEB-FIP)
Load (design)

-500

Tot al (design)

-600
-700
24.05.01

End of construction
of 19 storeys
24.05.02 24.05.03

23.05.04 23.05.05

Tim e

Fig. 13. Separation of strain components in the concrete and comparison with numerical models

FESMC – CASE STUDIES
The general schemas for monitoring of the most frequent types of structure using FESMC are presented in
this section. The diversity of monitoring cases is so big that it is practically impossible to cover all of them
with a single small-size presentation. Detailed presentation of all of them will exceed the topic of this paper.
That is why only the general schemas are presented here.

Bridges
Typical monitoring schema in case of balanced cantilever bridge is presented in Figure 2, in case of
continuous girder in Figure 6 and in case of masonry bridge in Figure 11. Example in case of suspended
bridge is presented in Figure 14.

Fig. 14. Example of sensor network for monitoring of suspended bridge.

Tunnels
The most interesting parameter to monitor in case of tunnels is convergence of the cross-section. Depending
on the cross-section shape and time of installation of the monitoring system (new structure, possible
embedding of sensors or existing structure, only surface mounting is possible) different sensor networks can
be adopted. Some examples using FESMC are presented in Figure 15.
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Prefabricated new tunnel with
circular cross-section

New cast on-site tunnel with
horseshoe cross-section

Fig. 15. Example of sensor network for monitoring of convergence in different types of tunnel cross-sections.

Dams
The dams belong to category of structures that are equipped with large number of monitoring instruments.
The most important parameters to monitor are the absolute displacements, rotations and strain distributions.
The general schemas of monitoring using the FESMC are presented in Figure 16.
hmax
hmax

hmin
hmin

Water
Concrete
Dam

Arch Dam

Water

Soil
Soil
Fig. 16. Examples of sensor networks for dam monitoring.

CONCLUSIONS AND RECOMMENDATIONS
The Finite Element Structural Monitoring Concept is presented in this paper. The particularity of the method
is the use of long-gage sensors combined in different topologies. The idea is to divide the structure in cells,
to equip each cell with topology, which corresponds to the expected strain field and then to link results
obtained from each cell in order to retrieve global structural behaviour. In that way a kind of “finite element
monitoring” is performed.
Four typical topologies of long-gage sensors are presented, simple, parallel, crossed and triangular topology.
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Real, on-site application illustrates the power of the method. Number of parameters related to structural
behaviour is monitored or determined from monitoring.
It is demonstrated that long-gage sensors offer large possibilities since they provide measurement that is not
influenced by local material defects. Moreover, they are able to monitor defects such as cracks in reinforced
concrete. The averaged value obtained by long-gage sensors is fully in accord with philosophy of reinforced
concrete where the cracked concrete is considered as homogenous material at macro-level.
It is not enough to use appropriate equipment for monitoring, but it is also necessary to employ good
monitoring strategy. FESMC offers good basis in making decisions concerning the monitoring strategy. Good
monitoring strategy can provide excellent results with relatively limited budget. What sensor network will be
used for monitoring depends on type of the structure and of expected loads. In order to demonstrate some
possibilities, the simplified case studies of the most frequent structures are schematically presented in the
paper.
In general, based on experience and theoretical considerations, the authors recommend the following basic
points to be taken into account when monitoring the concrete structures:
•
•
•
•
•
•
•

Not only the structures with recognized deficiencies are to be monitored; it is recommended to start
monitoring with the birth (pouring) of the structure and to continue it through whole lifespan;
It is important to monitor both, deformation and temperature;
The sensors (both deformation and temperature) should be by preference embeddable in the
concrete; in case of existing structures the sensors are mounted on the surface without decrease in
performance;
The sensors to be used for early and very early age monitoring must not perturb strain field of non
hardened concrete (they have to have very low stiffness);
It is recommended to use long-gage sensors in order to minimize the influence of different types of
material discontinuities (air pockets, inclusions, cracks) to measurement;
The position of the sensors within the structure must be well planed and selected in a manner to
provide relevant data concerning the structural behavior;
The strain components such as creep and shrinkage must taken into account during the data
analysis.
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