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Detection of steel fractures in existing prestressed bridges with DFOS
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ABSTRACT: Prestressed concrete bridges are designed to limit cracking. Aging can lead to prestressing steel fractures with strain
changes without visible cracks. To detect and locate fractures, long-term monitoring with distributed fiber optic sensors in
combination with acoustic emission sensing is useful. This study focuses on fiber optic sensing based on Rayleigh backscattering.
A long-term monitoring system was installed to ensure the service of two prestressed concrete bridges in Munich. Their
prestressing steel is at risk of stress corrosion cracking. For reliable operation of the fiber optical measurements, tests were carried
out both in the lab and in the field to investigate the measurement signal in conditions that are as isolated as possible. On the
bridges data is collected at three-month intervals starting in 2021. Furthermore, strain changes caused by temperature fluctuations
and traffic loads were captured. Moreover, valuable insights are being gained in a long-term operation. The investigations show
that long-term fiber optical strain measurements are useful to assess the structural behaviour of existing prestressed bridges over
several years and can ensure safety of structures.
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1 INTRODUCTION

The first standards and regulations for prestressing steel in
Germany were developed after 1945 [1]. The first decades of
the use of prestressing steel were the source of many structural
problems in prestressed bridges. Due to the lack of knowledge
at that time, some deficiencies can still be found in existing
bridges today. One such material defect is the susceptibility of
prestressing steel to stress corrosion cracking. This can lead to
brittle failure of the steel without plastic deformation and
subsequent collapse of the component without warning.
Recently stress corrosion cracking led to the component failure
of the Carola Bridge in Germany [2]. In this case, cracks were 2
observed years before failure, but the existing crack widths

In Munich, a monitoring system with AE has been in
operation since 2021 on two bridges with prestressing steel
sensitive to stress corrosion cracking. Additionally, distributed
fiber optical sensors (DFOS) are in usage for crack detection.
On these bridges, DFQOS can also be used to monitor structural
behaviour. This application of DFOS for structural behaviour
monitoring has been carried out in many cases. [5], [6], [7] and
[8] are just a few examples. This case study provides some
insights into the laboratory and field tests and shows selected
results from the past years.

MONITORING KREUZHOF BRIDGES

were below the standard limits [3]. Acoustic emission (AE)
monitoring is proposed for the remaining bridge components

[4].
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Figure 1. longitudinal and cross-section of the bridge
,,Kreuzhof** BW40/45
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German bridges with stress corrosion cracking sensitive steel
must be reassessed according to the guideline HA SpRK [9].
This guideline recommends the numerical verification of
sufficient warning behaviour as crack-before-failure. For both
"Kreuzhof" bridges, the crack-before-failure criterion could not
be verified in every section. But even in areas with sufficient
warning behaviour, an object-related inspection instruction
must be defined.

The bridges were built in 1967 and span a four-lane road.
They are three-span slab bridges with longitudinal tubular
voids and span lengths of about 20.5 m —29.0 m—20.5m. The
concrete slabs are prestressed by the bonded post-tensioning
system according to the approval of the company “Polensky
und Z6llner”. There is a minimum of two and a maximum of
six post-tensioning tendons in each web between these hollow
bodies. Figure 1 shows the longitudinal and the cross-sectional
profiles of bridge “BW40/45”.

Acoustic emission sensors have been installed for direct
detection of steel fractures. They are measuring continuously
since 2021. The local and global structural response to fractures
is measured as strain changes along the length of the bridge.
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Data is collected three to four times a year using BRUSens V9
distributed fiber optical sensors. Rayleigh backscattering
technology is used with the ODiSI instrument manufactured by
Luna Innovations Incorporated. The DFOS are applied in a
groove milled into the structure and are located in every second
web on the bottom of the slabs. In addition, 1.5 years of data
acquisition was carried out using different sensor technologies
for object-specific traffic load determination (B-WIM system).
More details can be found in [10] and [11].

3 VERIFICATION OF STRAIN MEASUREMENTS

For verification of the measurements tests were performed in
the laboratory using the same type of sensor. The BRUSens V9
is a layered sensor with an outer PA sheath, a stainless steel
tube and a multilayer buffer to the optical fiber. In order to
simulate the strain transfer from the host material to the sensor
core in an equivalent way, the sensor was applied to a concrete
specimen using the same method. The aim of these tests was to
investigate conditions that were as isolated as possible. This
was achieved by applying pure compressive, tensile or
temperature loads, generating a specific crack width and
performing a long-term test under constant conditions. In
addition, different sensors with the same and different
measurement principles were used for each test to validate the
reliability of the strain signal.

Test loads were also applied to the bridges by trucks at the
beginning of the monitoring and repeated after six months. The
tests were carried out to assess structural behaviour and to
analyse environmental effects on the measured data. For in-
field verification, it was possible to compare the DFOS results
with those from the B-WIM strain gauges.

4  RESULTS AND DISCUSSION

Laboratory tests show reliable results for compressive and
tensile strains in the uncracked concrete. When cracks appear,
due to the sensors layers a slippage can occur. In this case the
crack width can no longer be determined exactly. Various
studies have also analysed the measurement signal at crack
opening with different sensors, i.e. [5], [12], [13], [14]. The
appearance of a crack manifests itself always as a strain peak,
even in the case of slippage. In prestressed structures already
new formed small cracks are first signs of a deterioration.

If a test specimen is subjected to a constant temperature load,
the DFOS BRUSens V9 will record the thermal expansion of
the inner stainless steel jacket layer. In addition, the strain
profile scatters over the sensor length with increasing
temperature difference. In the tests, a value between
15 und 19 x 10%/K was determined for the thermal expansion
coefficient of the sensor, whereby the average value is
16 x 10%/K according to the manufacturer Solifos AG [15].

Strain measurements on the bridges show that only very
small strain changes of less than 30 um/m (0.03 %o) occur when
two trucks with a maximum vehicle weight of 42tonnes are
loaded. This means that the measurement signal from light
vehicles such as cars is masked by the DFOS measurement
noise. On both bridges no cracks have been detected since the
start of monitoring.

In contrast, strain changes due to temperature variations are
particularly pronounced. Figure 2 presents selected results from
the mid-span of the 'Kreuzhof' bridges. The raw data taken on
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twelve different days since November 2021 are shown. When
these results are compared with the theoretical strain change at
the given temperature, the same influence of thermal expansion
on the data as in the laboratory results is observed.
Furthermore, strain peaks in Figure 2 have a dominance of
approx. 200 pm/m (0.20 %o). In laboratory tests, such peaks are
an indication of the presence of a crack. A visual inspection of
the bridge revealed an offset in the concrete surface in the
location of the peak. This concrete offset results in a
longitudinal offset of the sensor, which means that linear strain
transmission between the concrete and the glass fibre core is
not possible. When comparing all measurements over several
years, the strain peaks appear in the same location. Provided a
single measurement signal is referenced to a measurement
taken at a similar temperature, no more pronounced strain
peaks are visible. The conclusion is that no new strain change
has occurred at these locations. In a theoretical case of a
possible prestressing steel fracture, a local peak would appear
that could be distinguished from the temperature.
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Figure 2. Raw data of the results and the corresponding

temperature in the mid-span of bridge BW40/45 from

November 2021 to June 2024

5 CONCLUSION

The long-term monitoring on the “Kreuzhof” bridges in
Munich, employing acoustic emission sensors and distributed
fiber optic sensors (DFOS), does guarantee a safe operation of
the bridge service. Laboratory tests have been crucial in
understanding the limitations and reliability of the DFOS
measurements, particularly in the presence of cracking and
temperature variations. While with in field tests object specific
limitations are discovered.

The City of Munich decided to replace the bridges due to the
risk of stress corrosion cracking in the prestressing steel and a
future tram line which will pass under these bridges. In January
2025 destructive structural tests were carried out shortly before
the partial dismantling to validate the monitoring system. The
first results will be generated in the middle of the year 2025.
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