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Abstract

This study investigates the influence of temperature and numerical model param-
eters on the natural frequencies of a steel pedestrian bridge, using experimental
measurements and numerical modelling. The results showed that the natural fre-
quencies changed by 16%, 3%, and 3% for the first three modes when comparing
measurements conducted at outdoor temperatures of -8 C and +8 C. The structural
damping was lower for -8 C. Finally, it was concluded that longitudinal springs must
be introduced at the bearings in the numerical model in order to achieve agreement
between the numerical model and the experimentally identified natural frequencies
under both temperature conditions. Furthermore, the damping ratios and mode
shapes were found to depend on the excitation amplitude. Together, these observa-
tions suggest that the observed changes in dynamic properties are caused by friction

in the bridge bearings.



Sammanfattning

Denna studie underscker hur temperatur och numeriska modellparametrar paverkar
egenfrekvenserna hos en gangbro i stal, baserat pa experimentella méatningar och
numerisk modellering. Resultaten visade att egenfrekvenserna férdndrades med 16
%, 3 % och 3 % for de tre forsta egenmoderna vid en jamforelse mellan méatningar
utforda vid utomhustemperaturer pa -8 C och +8 C. Dampningen var lagre for -8 C.
Slutligen drogs slutsatsen att longitudinella fjadrar maste inféras vid brons lager for
att uppna 6verensstammelse mellan den numeriska modellen och de experimentellt
identifierade egenfrekvenserna under bada temperaturforhallandena. Vidare visade
resultaten att ddmpningen och modformerna var beroende av excitationens ampli-
tud. Tillsammans tyder dessa observationer pa att forandringarna i de dynamiska

egenskaperna orsakas av friktion i brolagren.
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Chapter 1

Introduction

1.1 Background

Pedestrian bridges are increasingly designed as slender and lightweight structures
that emphasize aesthetics and efficient use of material. Although these design trends
offer visual and material advantages, they can also lead to reduced structural per-
formance. As a result, modern pedestrian bridges are more susceptible to vibrations
induced by dynamic loads. Such vibrations can affect user comfort and, in some
cases, raise concerns regarding serviceability. A well-known example is the Millen-
nium Bridge in London, which was temporarily closed shortly after opening due to

excessive lateral movements.

According to Eurocode, pedestrian bridges shall be verified for comfort vibrations
when their natural frequencies fall within specified ranges. However, Eurocode does
not provide a detailed procedure for evaluating the associated acceleration levels.
As a result, designers are advised to follow guidance provided by national annexes or
requirements specified by relevant involved parties. A commonly adopted method
used for accounting for dynamic effect on pedestrian bridges is the classification
system proposed in the Sétra guideline. This methodology is based on classification
of pedestrian traffic and comfort levels, from which corresponding acceleration limits

can be determined for each bridge.

To investigate the dynamic properties of bridges, Finite Element Modelling (FEM)
is widely used, as it allows for a detailed representation of the geometry and struc-
tural components. The numerical model can be calibrated using experimental data
obtained from measurements, thereby improving its reliability. However, accurately

updating the model to reflect the real structure remains challenging, as the actual
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properties is influenced by complex boundary conditions, modelling assumptions,

and simplifications.

Environmental factors, such as temperature variations, can significantly influence
the structural behaviour of bridges. Changes in temperature are known to af-
fect the stiffness of materials and may also alter the boundary conditions through
temperature-dependent friction effects in the bearings. In numerical models, bound-
ary conditions are often idealised as pinned or roller supports. In reality, however,
the behaviour of bridge supports is more complex and may vary over time. Friction
in bridge bearings can introduce additional restraint, particularly in the translational
directions, which limits the free movement typically assumed for roller supports. As
a result, the dynamic properties of the structure may differ significantly from that
predicted by the FEM models.

Advanced non-linear models, such as Bouc-Wen formulations, have been proposed
to describe frictional behaviour in detail. However, these models require parameters
that are not readily available from bearing catalogues and therefore rely on calibra-
tion using experimental data. This makes their practical application challenging in

engineering analysis.

To address these challenges, this study aims to improve the understanding of the
dynamic properties of a steel pedestrian bridge under varying temperature conditions

through combined experimental measurements and numerical model updating.

1.2 Problem statement

A newly constructed steel pedestrian bridge in Sodertélje, Sweden, has indicated
that natural frequencies in the design phase falls below the limit. The numerical
model used, predicts natural frequencies within frequency ranges identified as crit-
ical for pedestrian-induced vibrations in current design guidelines. Discrepancies
between predicted and measured natural frequencies are common in bridge struc-
tures. In particular, uncertainties related to boundary conditions and temperature-
dependent behaviour may significantly influence the dynamic response, highlighting
the need for on-site measurements and model calibration to better understand which

factors most strongly govern the bridge’s dynamic properties.
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1.3 Purpose and research questions

The purpose of this thesis is to investigate the dynamic properties of a steel pedes-
trian bridge, with particular focus on the in uence of temperature variations. Fur-
thermore, the study aims to improve the reliability of a nite element model through
model updating based on experimental measurements. Particular emphasis is placed
on understanding how di erent modelling assumptions a ect the predicted dynamic
properties.

The research questions addressed in this study are:

1. How do temperature variations a ect the measured natural frequencies of the
steel pedestrian bridge?

2. Which assumptions in the numerical model must be revised to achieve agree-
ment with the measured dynamic properties of the bridge?

1.4 Scope and limitations

Two experimental measurements have been carried out, one at an outdoor temper-
ature of -8 C and one at +8 C. The study is primarily focused on the rst bending
mode, rst torsional mode and second bending mode of the bridge.

In the numerical modelling, linear nite element models have been developed in
Abaqus. Non-linear material behaviour and external loads other than pedestrian-
induced vibrations are not considered. Furthermore, only two sets of experimental
data are available for model calibration, which limits the extent of the model updat-
ing procedure. These assumptions and limitations de ne the scope of the present
study.

1.5 Thesis outline

The thesis is divided into six chapters.

Chapter 1 introduces the background of pedestrian-induced vibrations in steel pedes-
trian bridges, presents the research problem, de nes the purpose and research ques-
tions, and outlines the scope and limitations of the study.
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Chapter 2 presents a literature review of previous research related to steel pedestrian
bridges, comfort criteria, nite element model updating, pot bearings, non-linear
bearing modelling, and temperature e ects on structural dynamic properties.

Chapter 3 describes the methodology used in the study. The chapter includes the
experimental measurements performed on the bridge, the measurement equipment
and signal processing methods, as well as the development and calibration of the
numerical nite element models in Abaqus.

Chapter 4 presents the results from both the experimental measurements and the
numerical analyses. The identi ed natural frequencies, mode shapes, damping ra-
tios, and the in uence of di erent modelling assumptions are presented.

Chapter 5 discusses the obtained results with focus on the in uence of temperature,
boundary conditions, and bearing friction on the dynamic properties of the bridge.
The limitations of the numerical modelling are also discussed.

Chapter 6 summarizes the main conclusions of the study, answers the research ques-
tions, and provides recommendations for future research.



Chapter 2

Literature review

2.1 Steel pedestrian bridges

Several dynamic assessment studies have been made on various steel pedestrian
bridges. The following section summarizes the main ndings.

Van Nimmen et al. [1] compared the FE model predictions with in-situ measure-
ments for eight slender steel footbridges in Belgium. Their results showed that
deviations of up to 10% in natural frequencies can be expected, indicating that
uncertainties in the FE model are inevitable. They also evaluated the natural fre-
guencies according to current codes of practice and concluded that the methods
are highly sensitive to small variations in structural parameters. Consequently, in-
situ analysis of dynamic properties is strongly recommended for the built bridge for
veri cation.

Van Nimmen et al. [2] analysed the Bears' Cage steel footbridge. A signi cant
discrepancy was observed between the experimental and estimated FE model results,
where the rst natural frequency of the structure di ered by 43%. This discrepancy
was mainly attributed to an underestimation of the longitudinal sti ness of the
sliding pot bearing, which was in uenced by friction in the bearing.

Lai et al. [3] did a serviceability assessment of a steel pedestrian suspension bridge
numerically and experimentally. They reported di erences in the natural frequencies
between numerical and experimental results ranging from -2.36% to 7.99% and the
discrepancies were mainly attributed to limited prior knowledge of non-structural
components and uncertainties in the sti ness of the supports. Five total modes
were identi ed within critical ranges for walking and running and the corresponding
accelerations exceeded the limits.
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Zivanovic et al. [4] investigated a steel pedestrian bridge located in Podgorica,
Montenegro. The bridge is a steel box girder strengthened with a concrete slab with
inclined supports. The investigation showed that even a highly detailed initial FE
model may still produce signi cant discrepancies between numerical and experimen-
tally identi ed modal frequencies. In their study, much of the di erence was caused
by additional strengthening elements that were not included in the construction
drawings. However, the boundary conditions were also found to have a signi cant
in uence on the observed discrepancies.

Drygala and Dulinska [5] investigated a steel frame footbridge with relatively large
mass and sti ness. Three dynamic tests were performed on the bridge, shock ex-
citation, ambient vibrations and sine sweep testing. The frequencies acquired from
experimental results were compared to a detailed FE model and the largest error
ranged between 9.54% for the shock excitation test to 18.64% for the ambient vi-
bration test.

Marra et al. [6] performed human-induced vibration tests on a steel arch footbridge
in Pianoro. The bridge is a two-hinged arch bridge with a tapered truss cross-
section. They found that the damping ratio determined from operational modal
analysis were about 1% and should be regarded as conservative, while the damping
ratio from free-decay estimates from walking, running and jumping were ranging
from 2-4%.

El Dahr et al. [7] did a dynamic assessment of a 44.6 m long arch-and-tie pedestrian
bridge in Haidari, Greece. The bridge consists of a concrete deck supported by
steel girders-cantilevers connected to an arch. They performed walking and running
test and concluded that the comfort acceleration limits of 0.7 mAwere reached
for a pedestrian and a group of pedestrians running over the bridge. Although the
comfort acceleration limits were reached, the bridge was deemed safe for regular use.

Brownjohn et al. [8] investigated the Changi Mezzanine Bridge at Singapore's
Changi Airport. Various pedestrian tests were conducted and discomfort was found
for lateral motion. A tuned mass damper was installed to ensure the comfort of the
pedestrians.
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2.2 Pedestrian induced vibrations and comfort cri-
teria

The most common standards/guidelines for pedestrian induced vibrations used in
Sweden is presented below.

2.2.1 Eurocode

Eurocode [9] is the most commonly used standard in Europe for the design of struc-
tures and is also applied in the design of pedestrian bridges. Vibrations must be
assessed if the natural frequencies of the bridge fall within the ranges specied in
section A.2.9.3.3. According to these limits, the vertical and longitudinal natural
frequencies should not lie within 1.25-2.3 Hz for pedestrian excitation. For lateral
and torsional modes, the critical range is 0.5-1.2 Hz, while for vertical vibrations
induced by jogging, the range is 1.9-3.5 Hz.

2.2.2 Seétra

Service d'Etudes techniques des routes et auroroutes (Sétra)[10] is a technical depart-
ment within the Ministry of transport and Infrastructure in France. Sétra created
the guidelines to provide recommendations on how to implement pedestrian loading
and account for dynamic properties in the design phase of pedestrian bridges. The
guidelines aim to reduce the risk of resonance and to limit excessive vibrations.

A classi cation system based on frequency ranges is introduced to assess the like-
lihood of resonance. Four classes (1-4) are de ned, where Class 1 represents the
highest risk and Class 4 a negligible risk. The natural frequency classi cation for
vertical and longitudinal vibrations is presented in Figure 2.1, while the correspond-
ing ranges for lateral vibrations are given in Figure 2.2.

Figure 2.1. Frequency ranges for vertical and longitudinal vibrations [10].
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Figure 2.2: Frequency ranges for lateral vibrations [10].

2.3 Model updating

Several methods exist for nite element model updating, ranging from advanced
parameter identi cation techniques to simpler approaches based on adjustments of
key structural parameters. Examples of these approaches are presented in the studies
below.

Zivanovic et al. [11] concludes that the most successful way of modelling bridges in
FE tools are to use previous experiences for a good estimation of natural frequencies
and mode shapes. The only reliable way is however to do full-scale testing of the
built bridge.

Mottershead and Friswell [12] provided a state of the art review of model updating
in structural dynamics. The most common methods were representation model,
penalty function and sensitivity. The basis for all methods is to minimize the error

between experimental data and FE models. It is important to recognize which
parameters have the most in uence on the discrepancy between reality and FE
model and the use of both dynamic and static measurements are helpful.

Zivanovic, Pavic and Reynolds [13] found that a highly detailed FE model still un-

derestimated the natural frequencies compared to the experimental data, with a
discrepancy of almost 30% for the rst anti-symmetric vertical mode shape. A trial

and error method was implemented to incorporate horizontal springs in the longi-
tudinal direction of the deck. This manual tuning reduced the maximum frequency
error to only 4%.

Chen, Omenzetter and Beskhyroun [14] used a sensitivity-based calibration method
to achieve a more accurate FE model. It uses reference data, physical parameters
to update, and iterative model tuning. The reference data are often the natural
frequencies and mode shapes of the real structure, acquired through in-situ testing.
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While the parameters to update usually are the uncertain parameters and properties.
They tested on a twelve-span prestressed concrete bridge and achieved on average
3% less di erence between the experimental and FE based results after the model
updating for the rst four natural frequencies.

Schlune, Plos and Gylltoft [15] implemented a methodology combining manual
model re nement with non-linear optimization. Manual re nement was used to
correct modelling inaccuracies and to improve the representation of the structural
behaviour. Subsequently, non-linear optimization was applied to uncertain param-
eters to further re ne the model. The study incorporated both static and dynamic
measurements, whereas most studies typically rely on a single type of measurement.

2.3.1 Model updating considering boundary conditions

Boundary conditions are widely recognised as one of the most in uential factors
a ecting the dynamic properties of bridges. Selected studies investigating this e ect
are summarized below.

Salehi and Erduran [16] studied the boundary conditions of a railway bridge by using
arti cial neural networks. The study identi es the boundary conditions by vibration
measurements from passing trains. An initial nite element model could not repro-
duce the observed dynamics, so multiple FE models and arti cial neural networks
were used to update key parameters. This reduced the error between measured
and computed frequencies from 27.3% to 3.0%, and indicated that the boundary
conditions are among the most in uential parameter on the dynamic properties of
bridges.

Hester et al. [17] investigated nite element model updating with focus on correctly
representing bridge boundary conditions. Dynamic tests were performed on a short-
span steel highway bridge and the results showed that the behaviour of the bearings
had a signi cant in uence on the dynamic response of the bridge. The dynamic
tests indicated the presence of bearing restraint, which the authors attributed to
friction in the bearings.

Park et al. [18] study proposed a method to evaluate bridge boundary conditions
using neural networks. The behaviour of the supports is represented by rotational
springs in the nite element model. By establishing a relationship between the bridge
response and the rotational spring sti ness, neural networks are used to estimate the
support sti ness from measured data. Laboratory and eld tests on a steel girder

9
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bridge con rmed that the method can accurately identify boundary conditions and
improve FE model updating.

Hu-ady et al. [19] investigated the equivalence of di erent boundary condition rep-
resentations in nite element models. Bushing elements were used to represent the
elastic behaviour between connected components by de ning sti ness in both trans-
lational and rotational directions. The study presented methods for estimating the
sti ness of supports and showed that boundary conditions represented by equivalent
sti ness parameters can reproduce the structural response of more complex support
models with good accuracy.

2.4 Pot bearings

Figure 2.3: Drawing of a pot bearing [20].

Pot bearings [20] consists of an elastomer plate placed inside a steel pot, where it is
held in place by a piston on top and a sealing ring around the edges, see Figure 2.3. It
allows rotations in all directions which is given from the rotational capacity from the
elastomeric plate. Due to the nearly incompressible behaviour of the elastomer plate
under high pressure, the bearing can transfer large vertical loads. At the same time,
it only allows very small horizontal displacements. To account for this, a sliding
surface is usually included to enable translational movement. The sliding surface
consists of two steel plates with polytetra uoroethylene (PTFE) sheets placed in
between to reduce friction. However, friction coe cients are not presented in product
catalogues [20] [21] [22] [23] [24], it is instead referred to use Eurocode.

Eurocode [25] de nes how to dimension sliding bearings, such as pot bearings, in

10
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structures. The coe cient of friction between the sliding surfaces can be approxi-
mated from Equation 2.1.

1:2k
max — 10 +

(2.1)
p

The constant k depends on the material of the mating and, is the PTFE contact
pressure.

Dolce, Cardone and Croatto [26] carried out an experimental study on un lled PTFE
pads sliding against polished stainless steel, investigating the in uence of sliding
velocity, contact pressure, air temperature, lubrication conditions, and number of
cycles on the friction coe cient. The results showed that temperature has a signif-
icant in uence on the friction behaviour, where increasing air temperature leads to
a reduction in the friction coe cient, particularly in the low-to-medium tempera-
ture range, with a reduction rate of approximately 0.15-0.3%/(C for non-lubricated
interfaces. Furthermore, the friction coe cient was found to increase with sliding
velocity up to approximately 150 mm/s, beyond which it remains nearly constant,
while increasing contact pressure leads to a reduction in friction, with variations in
frictional force of up to approximately 30% for 50% changes in pressure. The com-
bined in uence of temperature, sliding velocity, and contact pressure highlights the
complex and non-linear nature of friction in steel-PTFE interfaces in pot bearings.

2.5 Non-linear modelling of bearings

The non-linear behaviour of bridge bearings plays a crucial role in accurately captur-
ing the dynamic properties of bridge structures. Various modelling approaches have
been proposed to represent this behaviour and are reviewed in the studies presented
below.

Wei [27] implemented pot bearings in a 3D shell model of a concrete railway bridge.

The friction model used was the Constantinou's model and an extended Bouc-Wen

model. This was integrated by a decoupled solving scheme into Abaqus as a "user-
de ned element". Comparisons between experimental results and the FE model

deemed the pot bearing element compatible with the 3D model. Wei recommended
use of simpler 2D models when incorporating pot bearings due to the large amount
of computational power needed in a detailed 3D model.

11
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Ulker-Kaustell [28] extended the classical Bouc-Wen model to incorporate the slip-
rate and contact pressure dependency of the friction coe cient. He implemented
the Bouc-Wen model into Abaqus as a "user de ned subroutine” and compared it to
single degree of freedom system implemented in MATLAB and from experimental
results, these showed a good agreement, validating the modelling approach of the
bearing. The bearing model was then implemented in FE models of four di erent
concrete railway bridges. The rst two bridges were found to have good agreement
between the theoretical model and the experimental data, noticeable improvement
from previously used models. While the third bridge didn't show any signi cant
in uence of the bearing friction on the dynamic properties and the fourth bridge
only had theoretical results.

Ulker [29] investigated how friction in sliding bearings a ected column buckling.
The bearing was modelled in 3D in Abaqus, where the di erent components of the
bearing, including the steel pot, piston and elastomer, were represented using solid
elements. The elastomer was described using a hyper elastic material model, assum-
ing near incompressibility, while the steel parts were modelled as linear elastic. The
interaction between the components was de ned through surface-to-surface contact,
where Coulomb friction was introduced in the sliding interfaces to represent the be-
haviour of PTFE-steel contact. The contact formulation played a central role in the
model, as the horizontal resistance of the bearing was governed by friction rather
than an explicitly de ned stiness. The model was analysed using a non-linear
procedure, where the frictional behaviour introduced a displacement-dependent re-
sistance that in uenced the e ective boundary conditions of the column.

Ulker-Kaustell and Karoumi [30] studied the non-linear behaviour of a railway bridge
during free vibrations after a train passage. The dynamic response was analysed
using measured data from the bridge, where variations in natural frequencies and
damping with vibration amplitude were observed. A two-dimensional nite element
model incorporating macro-elements based on the Bouc Wen model was developed
to represent the hysteric behaviour of key components. These elements were used to
model the non-linear behaviour of the bearings, track system, and foundations. The
results showed that the main contribution to the observed non-linearity originated
from the roller bearings.

Lantoine [31] implemented a 3D sliding bearing nite element in Abaqus based on
the Bouc-Wen model. The friction that occurs between the steel and the PTFE
sliding plate is modelled as a hysteresis phenomena using the Bouc-Wen model.

12
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This was done as a subroutine in Fortran, which then was integrated into Abaqus as
a "user-de ned element”. In previous studies, friction was only taken into account

in the longitudinal direction of the bridge and can therefore only be used in two
dimensional models. Furthermore, the element was based on contact pressure and
sliding velocity. In Lantoines work this is extended to work in three dimensional
models and also to account for contact temperature when calculating the coe cient
of friction.

Van de Velde et al. [32] studied the non-linear behaviour of pot bearings in the
railway bridge KW51. Displacement and strain measurements showed a non-linear
behaviour, which was attributed to friction in the pot bearings. This paper validates

a methodology to model this non-linear behaviour. A nite element model of the
bridge was constructed in the MATLAB toolbox StaBIL. The friction was repre-
sented as a function of the relative velocity between the bridge and the abutment
and the vertical pressure on the bearings, using Bouc-Wen elements. Friction was
only considered in the longitudinal direction of the bridge. It is shown that the
bridge response largely depends on the initial friction force in the bearings, which
primarily depends on temperature variations between di erent train passages.

2.6 Temperature e ects on dynamic properties

Temperature changes can in uence the dynamic properties of bridges through vari-

ations in the material's Young's modulus and through temperature-dependent be-

haviour of the bearings. Several studies investigating these e ects are presented
below.

2.6.1 Steel

Xia et al. [33] carried out a comparative laboratory study on a steel beam, an
aluminium beam and a concrete slab, and also a case study on the Tsing Ma Sus-
pension Bridge and the Guangzhou New TV Tower. For the steel beam the modal
frequency decreased about 0.02% per increase of one degree Celsius. The study also
found, both from the laboratory test and the case studies, that the major cause of
change in vibration properties under di erent temperatures is the change in elastic
modulus. Furthermore, they showed that no clear correlation between temperature
and damping was observed.

Kim, Park, and Lee [34] made laboratory tests on a steel plate-girder bridge under

13
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di erent temperature conditions. The tests showed that an increase in temperature
resulted in a decrease in the natural frequencies. The rst four modes decreased by
0.64%, 0.33%, 0.44%, and 0.22% respectively per degree increase in temperature.

Fu and DeWolf [35] made eld measurements and developed a non-linear nite-
element model for a bridge with partially restrained bearings. The bridge consisted
of a steel girder with a concrete slab, with rocker bearings. It was shown that
when the temperature increased from -17.€ to 15.6 C, the rst three frequencies
decreased by 12.3%, 16.8%, and 9.0%, respectively. The study also con rmed that
the partial end bearing restraint, measured from the eld data, altered the thermal
contraction with a change in the natural frequencies.

Moser and Moaveni [36] studied environmental e ects on natural frequencies of the
Dowling Hall Footbridge. This bridge consists of a steel frame and a concrete deck.
The temperature ranged from -14C to 39 C and the natural frequencies varied by
4-5%. It was shown that the natural frequencies and the temperature were strongly
correlated and that the relationship was non-linear. They also developed a model to
show the relationship between the natural frequencies and the temperature, which
showed that the temperature at the steel frame, concrete deck and at the supports
all played an important role in order to obtain the correct results. No temperature-
dependence was observed for damping ratios.

Foldhazy [37] investigated how temperature a ected the modal damping and natural
frequencies of a steel arch footbridge. The study showed that the ve investigated
modes decreased 2-6% when the temperature increased from 1to 10 C. The
change was deduced to originate mostly from changes in the Young's modulus but
also because of thermal expansion in the steel. The modal damping ratios changed
with 10-52% from 10 Cto 10 C.

Ponsi et al. [38] investigated the in uence of temperature on the modal frequencies
of a steel truss girder bridge. The study showed a clear correlation between temper-
ature variations and changes in the identi ed natural frequencies. To account for
this e ect, both linear regression and ARX models were developed to describe the
relationship between temperature and modal frequencies.

Poudel et al. [39] studied the inuence of temperature and boundary conditions
on the modal frequency response of composite bridges. The results showed that
under uniform temperature conditions the natural frequency mainly decreases due

14
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to the temperature-dependent elastic modulus of the material, while the in uence

of boundary conditions remains limited. However, under temperature gradients,

thermally induced convex deformation changes the structural stiness and makes
the frequency response more sensitive to the support conditions. This shows that
convex deformation plays an important role in how natural frequencies change with

temperature.

2.6.2 Asphalt

Weber [40] shows that asphalt pavements exhibit signi cant temperature-dependent
variations in elastic sti ness, which may in uence the global sti ness of footbridge
systems. The study indicates that incorporating this e ect in numerical models
can lead to changes in the predicted natural frequencies, particularly for lightweight
footbridges where the pavement layer contributes noticeably to the overall structural
behaviour.

2.6.3 Acrydur

Acrydur [41] is a coating used for steel and concrete bridges. It is made of a plastic
material (a viscous, elasticized PU-MMA hybrid resin) and is used for waterproo ng
structures. The material is more exible than asphalt and maintains its exibility
even at low temperatures. The Young's modulus at 2Q is 150 MPa, and at -15C

it is 455 MPa.

15
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Method

3.1 Overall methodology

Measurements using accelerometers and linear variable displacement transducers
(LvDT) were conducted at outdoor temperatures of 8 C and +8 C. A numerical
model of the bridge was developed using the nite element software Abaqus in order
to simulate the dynamic properties and compare with the experimental results.
Model updating was carried out in order to match the experimental results.

16
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3.2 Description of the studied bridge

Figure 3.1: The studied steel pedestrian bridge.

The bridge considered in this study is a steel pedestrian bridge with a slightly arched
geometry, see Figure 3.1. The bridge is located in Sddertélje and was constructed
in 2025. It has a total length of 31 m, a main span of 24.5 m and a width of 3 m.
The arch has a radius of 185.5 m.

3.2.1 Bridge deck

The steel type used for the bridge is S355J2. The girder consists of two slightly
curved T-shaped main beams, six trapezoidal sti eners, and two edge beams running
along the length of the bridge. Across the bridge width, eight T-shaped cross-beams,
spaced at 3.5 m intervals, are installed. At the supports, taller cross-beams are used.
In addition, fourteen rectangular sti eners are positioned outside the main beams.
Figures 3.2 and 3.3 show views of the girder from the midspan and from the side.
The cross-sectional dimensions are presented in Figure 3.4. A steel deck plate coated
with Acrydur is placed above the steel girder.
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