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A system monitoring operational safety of structures
used in civil engineering

Janusz Juraszek

Abstract- The paper presents a system monitoring operational
safety of structures used in civil engineering. The system is based
on the fibre Bragg grating (FBG) sensors or sensors using the
optical time domain reflectometry (OTDR) technology. The
essence of the solution is to introduce FBG sensors into the
structure to make them act as its “nervous system”. The system
may be implemented in existing civil engineering structures made
of steel, concrete, reinforced concrete, as well as in shells and new
structures at the design stage. The paper presents an example of
an actual system operating based on FBG sensors and analysing
the safety of Poland's longest steel footbridge. The footbridge is
35 years old. Periodic inspections of the Technical Inspection
Office allow the footbridge operation if the structure meets the
requirements stipulated by relevant regulations, but the decision
is not based on a continuous analysis of the footbridge safety. The
applied monitoring system makes it possible to analyse the
footbridge operational safety on a continuous basis. The system
informs about hazards, overloads, vandalizing acts, etc., and
points to the need to take appropriate measures including the
footbridge shutdown. The information concerning the state of
safety may be sent on-line to any corner of the globe.

Keywords—safety of civil engineering structures, fibre Bragg
grating, steel footbridge

1. Introduction

In the introduction the development of fiber Bragg gratings
systems and the types of cranes and technical requirements
were presented. The first works on the photosensitive fibers
date back to Hill of 1978 [1]. However, the first practical
application is related to the works of Meltz [2] of 1989. A
complete monitoring system using FBG sensors was
introduced in 1999-2003 [3]. Since then, a rapid development
of this method in a wide range of practical applications has
been observed. Patric et al. in [6] demonstrated that the
technology of fiber optic sensors for strain, temperature and
pressure developed in recent years is more effective as
compared to traditional strain gauges. Guemes et al. [5]
described the use of FBG sensors in composite materials in
aircraft industry under electromagnetic noise conditions.
Kamrujjaman Serker and Wu [2] used FBG sensors for
monitoring the durability of bridge structures - structural
health monitoring (SHM). FBG technique combined with
multiplexing were deployed to monitor the blades of wind
power plants in Japan (Eum et al [3]). On-line monitoring of
temperature, deflection of 400 kV power line was successfully
implemented in a system based on Bragg sensors (FBG).
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The complete system has been installed on the ACSR
conductor. In this way, continuous surveillance of thermal and
mechanical loads of the power supply line was achieved. FBG
sensors have also been used to monitor the intelligent
structures [3,4], which were characterized by high reliability,
sensitivity, resistance to electromagnetic interference, small
size and low weight. Analysis of the thickness of adhesive
layer attaching the fiber optic sensors and strength parameters
of the layer on the example of Kirchoff module were shown in
[4]. New generations of smart coatings used in construction
industry that enable implementation of Bragg gratings were
presented in papers by W. Brachaczek [17-19]. B. Ahmad, T.J.
Ali and R. A. Rahman presented the analysis of pressure
changes in tanks using FBG sensors [7]. K. DRAGAN at the
Fourteenth Australian International Aerospace Congress
AIAC14 [8], pointed out the good correlation between the
FBG method with other non-destructive methods at the
example of detecting damage in the main rotor of a helicopter.
It was also noted that the FBG sensors are fully accepted by
specialists in the field of monitoring large construction,
composite [9], aircraft designs. The overhead crane research
was also carried out by fadecki and Badura [21-22] using
conventional strain gauges [9,10].

n. Monitoring of a footbridge
deformation using fiber Bragg
gratings

Raising the level of safety of transport equipment, in
particular handling equipment, often used for special purposes,
forces the implementation of new technologies for building
highly accurate measuring systems often with new unique
properties. The dynamic development of optoelectronic
technology based on light propagation in the fiber optic
contributed to the creation of modern sensors for strain
measurement, such as FBG (Fiber Bragg Gratings)

Pedestrian bridges are becoming slimmer, lighter, and
more susceptible to vibrations caused by the wind, as well as
humans. In contrast to the old materials from which traditional
footbridges were designed, current technology allows the use
lighter materials, but with greater strength. The fact is that the
footbridges are of smaller cross sections during the initial
tension, and for similar cross sections, their span is much
greater. Thus, their transverse rigidity is reduced and they are
more susceptible to vibration. As a result, implementing a
precise analysis of the deformation has become necessary.
Optical fiber sensors used for testing are placed in the half of
the span length and also at the support number 3.
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Fig. 1. The view from the bottom of the stairs structure of a footbridge in
Bielsko-Biala - Source: own

TABLE 1. THE BASIC PARAMETERS OF THE FOOTBRIDGE IN BIELSKO-BIALA

[12]
total length of the platform 273.80m
total width of the platform 6.42m
usable width 2x 2.82 and 5.94m
theoretical spans 5x20.00 + 10.10 + 3x21.50 +
4x23.00 +4.00 + 3.20m
longitudinal slope (from the i=1%
axis 5)
cross slope i=1.5%

The strain was measured using: FBG-scan optical interrogator,
serial number SN10112601, and fiber optic sensors with Bragg
gratings of the following wavelengths: 1546 nm; 1546.5 nm;
1541 nm [10-16]. The fiber optic system consists of: optical
fiber sensors, communications optical fibers, connectors,
devices for fiber optic beam exposure, fiber optic distribution
system, a portable recorder and a system for adding signals.
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Fighre. 2. Afiber optic sensor with a wéveleng of 1546nm fiXéa to speciél
brackets bolted to the underside of the footbridge plate with adjustable tension
of the sensor
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m. Description of the research

process

The study was conducted with the participation of a group of
56 pedestrians. It was carried out on span no. 3, where fiber
optic sensors are attached. It consisted of several parts. The
first step was to load the footbridge with a pedestrian group,
walking along the span. Initially, the group covered the
distance walking unevenly, and then walking in groups of 10
people - in synchronized teams. The next phase of the study
was the monitoring of the footbridge loaded dynamically by
the group running along the span. Runners were in groups of
10, and then 20 people, and then an uneven running of the
entire study group was performed. The last phase consisted of
simulating the vandalism-type interactions. The group located
in the middle of the span no. 3 performed even, synchronous
jumps.

iv. Research results and
discussion

The results include values of deformation at selected points of
the footbridge. The smallest footbridge deformation values 34
uStrain were recorded during irregular march of the whole

group.

Odksztatcenie [uStraing
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Fig. 3. Footbridge deformation chart. Stage I: TRIAL A - Source: own

When the entire group run through the footbridge, deforma-
tions has risen slightly to about 40 uStrain.
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Fig. 4. Trial D - running through the footbridge

greatest deformation value was recorded during a

dynamic loading test with the participation of the test group
(56 people) simulating vandalism behavior, which would lead

toa

dangerous swinging of the pedestrian bridge (PHASE IlI,

TRIAL F). This deformation reached a value Sof 165 pStrain.

The

lowest deformation values were obtained during the

march across the footbridge by a group of 10 people (PHASE

I, T

Odksrratcenda {uStrain|

RIAL C), the results reached 34 pStrain.

Uczba pomiarow

Figure. 5.Train F, vandalism behavior

DISCUSSION OF THE RESULTS:

e The system of Bragg sensors allows to carry out
effective analysis of the footbridge deformation with
a precision of up to + 1 uStrain.

e Dynamic load of the footbridge caused by the

vandalism action by a larger group of people may
lead to a discomfort and be a nuisance for pedestrians
staying on the bridge, and even prove dangerous to its
supporting structure. In the final stage, they may even
cause a construction disaster significantly.
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