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Steel orthotropic decks are sensitive to stiffeiedeckplate fatigue. Larger
traffic volumes and concentrated wheel loads cbuateé to this phenomenon.
Traditionally, the effect of the wearing coursestéken into account through load
dispersal under 45° reducing the stress at the gixtk surface. However for asphalt
surfacings this effect is small. A more reliabléuson could be present if a structural
cooperation were present between the deck andutffi@écig. In this paper, the results

are presented from a study of various alternatfeesa lightweight bridge surfacing

contributing to fatigue reduction at the stifferterdeckplate intersection. Asphalt,
neoprene and composite layers are considered asasvbbneycomb sandwich panels.
The effect of the solutions is measured by straimggs on an orthotropic bridge prior to
the final surfacing installation. The results aoenpared with conclusions derived from a
finite element model and indicate that dependingtten type of layer, a 20 to 30 %
reduction of stresses is possible, resulting inta 3 times longer fatigue life, without

increasing the deck weight.
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1. THE ORTHOTROPIC STEEL BRIDGE DECK CONCEPT

1.1. Introduction

Due to their contribution to the general resistant¢he structure, by
significantly reducing the total weight of the ctmstion, orthotropic steel deck
plates are one of the most commonly used deckragster larger span bridges.
This contribution also allows the design of tiedhabridges of a more moderate
span but with an extremely low structural depth, a.structural depth of only 1
m for a double track railway bridge with a lengtistj over 110 m. The recent
design practice in Belgium has used this advantagabout 10 arch bridges,
most of them a part of the development of the Eemopnetwork of High Speed
Lines where a considerable number of short to nmedépan bridges for the
high-speed railway lines have been designed. Howevthotropic deck plates
are also highly sensitive to fatigue damage, rémmiran in-depth fatigue
analysis, ensuring the fulfillment of all fatigueterions. This problem is mainly
caused by many stress concentrations and largatadgd of stress variations
caused by road traffic in particular. Recent indtional research has extensively
studied this phenomenon [1].

1.2. Stressfield in an orthotropic deck

The complex stress field in an orthotropic roadidpei can be attributed
to three different actions working in a union. Tfhet of these actions is caused
by the membrane stresses occurring because ofetidirty of the lateral main
girders of the bridge, with the bridge deck itsmiting as their upper flanges.
This action, in fact, represents the main actiothefoverall bridge concept.

The orthogonal anisotropy (i.e. orthotropic behgvad the deck with the
distribution of the load working on the deck copesding to different rigidities
of the ribs and the crossbeams is responsibld&sécond action existing in the
deck plate.

Finally, the local bending along longitudinal carisverse axis of the deck
plate elements under direct wheel loading causeshiind action existing in an
orthotropic road bridge. The largest stress coma#gahs for this deck concept
are found at the ribs where longitudinal stiffenas connected to the deck plate
and both hogging and sagging bending effects anadipas well as at the
intersection of both longitudinal and cross stifen(see Fig. 1).

1.3. Influence of wearing cour ses

Road pavements on the deck plate may contributethteo dispersal of

concentrated wheel loads from road traffic. This laéso been observed for
railway loading, where the ballast may disperse titaek loads. However,

wearing courses and pavements are not always blaite sufficient to reduce
the heavy traffic loads, for instance in the calsmovable bridges. An example
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of this is the Calandbridge in Rotterdam, which waamined more closely and
where severe damage due to cracking and fatigudd®s found. In Belgium,
large span bridges with orthotropic plated deck (ftstance the Vilvoorde
viaduct) do not suffer from this cracking, but sieamovable bridges also show
this sensitivity. This situation has to be consedein view of the ever increasing
axle loads and more compact wheel loads introdbgewad traffic. The design
and fatigue loads as mentioned by prEN 1997-2tf2}, were intended as higher
bond values of European traffic may well be cirtaafrequently at present. In
view of these considerations, the conclusion medblfind systems to decrease
the aggressive effects of concentrated wheel loadsthotropic plated decks or
to eliminate these effects.

Ui 1
| ”'lluth il

Fig. 1. Finite element model, showing the differgrdups of fatigue sensitive locations

1.4. Objective of the research program

When trying to improve the fatigue behavior of ata@i@ bridge type, one
has only two possibilities. The first one is touwed the number of stress cycles,
the second one is to reduce the stress rangesfatigiie sensitive details.

Since it is not the objective of this study to makdical changes to the
orthotropic deck concept, this paper tries to iotltions byinstalling an extra
layer on top of the steel deck plate, thus imprgvihe load dispersal
before it reaches the deck surface. Several péssti such as asphalt layers,
independent rubber, synthetic or even FRP matsedisas aluminum or FRP
sandwich panels are considered and were studigdlliniusing finite element
modeling [3], [4] and laboratory testing [5],[6] pwepare for the full scale field
testing.
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2. THE INSTALLATION OF ASPHALT LAYERS
ON THE ORTHOTROPIC DECK

One of the most logical solutions for the above tiomed fatigue
problems is the use of an asphalt layer as a digpetayer. Since most road
bridges are equipped with asphalt layers anyhow,pasitive influence of this
layer would be greatly beneficial in improving tlatigue behavior.

To study, the influence of an asphalt layer on réinodropic bridge deck, a
finite element model was developed. For most previfinite element models
for asphalt calculations, linear elastic materiaddels were used, however to
model the asphalt layer as correctly as possiblés@n-elastic material model
was developed

The best material behavior law for bituminous matsris the Burgers
model, incorporating not only the loading frequendut also the phase
distortion which exists in the stress-strain relaship for a visco-elastic
material, thus enabling the study of the degradabithe material over longer
time periods. However, since the Burgers model oaha used in the available
finite element software, i.e. SAMCEF, the closggtraximation was used. The
Zener material model uses a Young's modulus Egriparating the dependency
of asphalt on the ambient temperature as well ah@moading frequency. This
simplification should not radically interfere withe calculation of the maximum
occurring stress range in the considered weldingilde

N1
E
1 EJ_
Se .
N 2 N E,
a) Linear Elastic b) Zener ¢) Burgers
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Fig. 2. Different possible material models for aaplayers
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Fig. 3. Variation of relative stress range as afiom of temperature for asphalt

To make the material model even more accuratecdtealations for this
paper were performed using a behavior law thaemsperature dependent, to
allow the study of the influence of the asphaltelagt different temperatures.
The initial results, as shown in Fig. 3, clearhintat a positive effect for the
asphalt layer. Generalizing, asphalt clearly alleaweduction of the stress range
in the longitudinal stiffener connection; howevée tsize of this reduction is
highly dependent on the asphalt temperature. Onlpveer temperatures can
this reduction be called significant.

3. FIELD TESTING PROGRAM

3.1. The Albert Channel bridge

During the spring and summer months of 2004, aerestte number of
tests were carried out at a tied arch bridge witlohotropic deck. The bridge,
which is being built as a part of the High SpeedviRegy link between Antwerp
and the Netherlands, crosses the Albert Channed, a@n Belgium’'s most
important waterways, a little north of the city/Arfitwerp.

The orthotropic deck is made up of a 15 mm thictkddate with a width
of 10 m between the main side beams, longitudirsiffened by 10 trapezoidal
stiffeners passing continuously through 1 m higingverse crossbeams which
are distanced at 3,9 m from each other. To redneefdtigue stresses at the
longitudinal stiffener to crossbeam intersecti@rgé cope holes are cut out of
the crossheams. The photograph in Fig. 4 showseiebridge days before its
installation, as well as the crossbeams and trag@zcstiffeners of the
orthotropic deck.
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Fig. 4. Bridge over the Albert Channel before itiateon - Photograph of orthotropic
deck of the Albert Channel Bridge, showing a cressh, trapezoidal longitudinal
stiffeners and the cope holes

The bridge is fully equipped with more than 200astrgauges. The
majority of these gauges are located on the deatie gind the joint between the
deck plate and the web of the longitudinal stiffisné he testing program does
not only include local testing of the orthotropiectt plate, but also testing of the
global bridge action of the tied-arch itself.

a) Asphalt layer b) Glass fiber reinforced epoxabsl

s
LR

c) Neoprene layer with polyamide d) Aluminum honeycomb sandwich
inlays panel

Fig. 5. Dispersion layers installed on the Alben@nel Bridge
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3.2. Test layers

Before the installation of the ballast and the ksa@ number of bridge
sections is equipped with various dispersion lagarsliverse as asphalt, rubber
with and without polyamide inlays, glass fiber fenced epoxy plates,
aluminum honeycomb sandwich panels, e.a., soméiafvare shown in Fig. 5

Some more detailed information, such as dimensiand thickness
values, about these layers is summarized in tabléhis table also illustrates a
wide variation between the different layers beingd®ed. Most layers, but the
asphalt one, were glued onto the steel deck plaiag special neoprene-based
glue. The asphalt layer was installed using classitallation techniques for
cold asphalt.

The use of neoprene-based glue ensured that theeciion between
dispersion layer and deck plate was as sound asbfmskeeping in mind that
the tests were performed on a railway bridge, immglyhat all layers and strain
gauges needed to be removed at the end of théystimited testing period.
This factor also implied that the used glue hade@ quick-bonding one.

The attachment of layers to the deck plate proeedet optimal in most
layers. Only the gluing of the glass fiber reinfmlezpoxy layer proved to be less
than ideal, when examined during the removal oflélyers. As previous finite
element studies prove, a good connection of theedson layer is of the utmost
importance for optimal dispersion. Thisight imply that the results found for
the epoxy layer aren't as positive as they wouldihéer ideal conditions.

Table 1: Characteristics of the dispersion layers

Area Thickness
[m?] [mm]
NR/SBR Rubber layer 7 20
CR/SBR Neoprene layer, 7 8
with 2 PA inlays
Polyurethane plate, 4 15
PUR90
Epoxy plate, 2,2 20
HGW 2372.4 with glass fiber
inlays
Asphalt layer, 3 95
particle fraction 2-5mm
Aluminum sandwich panel 4,5 25
- skin 0,8
- core, cell size 6,3mm 23,1
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3.3. Strain gauge locations

During the passage of fully loaded 45 ton trucksiils measurements
were carried out, to allow a comparison of the @fef the different dispersion
layers on the stress range in the connection ofahgitudinal stiffener to the
deck. This off course implies that an extra sectibthe bridge deck is equipped
with strain gauges, to allow the recording of refere values.

Fig. 6. Location of the strain gauges on the dddk® Albert Channel Bridge

Each section for local measurements is equippeld ¥4t strain gauges, all of
them located between the first and second longialdstiffener and halfway

between consecutive crossbeams. The placementss 8irain gauges is shown
in Fig. 6. This number is chosen for practical ogmsin connecting the strain
gauges to the measuring device, as well as bec¢hissplacement and number
of gauges is enough to allow a study of the clitioeation as well as the strain
field around this specific detail.
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3.4. Testing procedure
The lorry is to drive over the deck at a slow andstant pace and with
the front wheel on the driver’s side along thedwaling lines, from the side of
the bridge going inwards:
» the wheel exactly above the first stiffener;
» the middle of the wheel above the side of the §tiftener;
» the side of the wheel next to the first stiffener;
» the middle of the wheel exactly between the fingi stiffeners;
» the side of the wheel next to the second stiffener;
» the middle of the wheel above the side of the seéatiffener;
» the wheel exactly above the second stiffener;
» the middle of the wheel above the second sidee§étond stiffener;
» the side of the wheel after the second stiffener.
This creates a total of 9 different loading positio
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Fig. 7. Example of measurement output for a séRaftrain gauges
(Strain [10° m/m] vs Time)

Meanwhile, the strain in all concerning strain gesids recorded at a
sampling frequency sufficiently high to allow theeasurement of the strain
peaks that sometimes happened to be very steepedquency of 200 Hz,
combined with a slowly driving lorry, proved to laecurate enough for the
measurements, while still keeping the noise probl&ithin acceptable limits.
In Fig. 7, the strain variations of all 12 straiauges under the passage of the
lorry, with its front left wheel in the middle beden the first two stiffeners, has
been displayed. All five axles of the lorry areibadistinguishable, as well as
the two equally heavy axles of the trailer.
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Fig. 8. Comparison of the maximum strain valuedifferent layers
(Microstrain = 16 m/m)
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3.5. Testing results

After filtering through the measurement data foisalin gauges and all 9
load positions, it was possible to make a provisiatomparison between the
efficiency of the six different layers in reducirthe stress ranges in the
orthotropic deck. These values are shown in theetkiimensional chart in Fig.
8. One of the values for the rubber layer is ordjt&nce the concerning strain
gauge gave an unreliable signal for the consideading position.

Looking at this diagram, it becomes quite appatieat the variety, found
in the layer characteristics of paragraph 3.2, aan be found in the degree of
strain reduction that can be achieved.

While some of the proposed layers offer low reductralues, this could
be expected based on FEM [4] and due to practicdilgms with the testing on
real bridges. The glass fiber reinforced epoxy layféers a real reduction only
for loading positions resulting in tension in theck plate, which could be
expected, bearing in mind the unsatisfactory cotimedetween the layer and
the deck plate because of bad gluing. The othesrlaffering only a slight
reduction is the neoprene layer with inlays, whigs only 8 mm thick, being
the thinnest layer of the test.

By comparison, the classic rubber layer, withol&ya making it more
susceptible to deformations, offers a considersddection on the stress peak of
about 15%, with its higher thickness of 20 mm. Othayers offering
comparable reductions are the polyurethane andalidplgers. However, when
looking at the asphalt layer, it is always wisentaintain a reserved position.
The characteristics of asphalt layers are hightyperature dependent. While it
was not possible to repeat the field tests at miffe temperatures, this was
studied previously in a laboratory test [5], as Iwad using finite element
calculations [4]. Any reduction found here, cansthanly be counted upon
depending on the climate of the construction regfarmother important factor is
that this was the thickest layer, 55mm, also makirthe heaviest solution. A
point in favor is that on most road bridges asplagirs are installed in the form
of wearing courses anyway. Any contribution is tansextra bonus.

However, the layer that delivers the most satigfyiesults is, without a
doubt, the aluminum honeycomb sandwich panel. Ndy does it allow a
reduction of about 25% on the peak value of thesstrange, it is also the layer
with the lowest weight, i.e. only 6,4 kg/m2 in thést series.

4. CONCLUSIONS

The field tests performed during the making of théger clearly follow
the trends postulated in previous papers [4]. linstpa layer on top of an
orthotropic deck with a sole purpose of the reductf the stress peaks in the
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deck itself seems to be a possible pathway to aplaien eradication of the
fatigue sensitivity, which is so typical for a byelwith an orthotropic steel deck.

BIBLIOGRAPHY

1. De Corte W.: An improved detail category fomptaoidal stiffener to deck
plate welds, based on full scale stress data atiguéa tests, in: 3rd
International Conference on New Dimensions in BeglgKuala Lumpur,
Malaysia, 2003, 139-149.

2. ENV 1991-3: ,Eurocode 1 — Basis of design aritbas on structures — Part
3: Traffic loads on bridges”, CEN Brussels, 1995.

3. ENV 1993-3: “Eurocode 3 — Design of Steel Sties — Part 3: Steel
Bridges”, CEN Brussels, 1997

4. De Backer H., De Corte W., De Pauw B., Van Bog&h.: The use of
dispersion layers to reduce the fatigue damagertimotvopic steel bridge
decks, in: 10th Nordic Steel Construction Confeegn€openhagen,
Denmark, 2004, 413-424.

5. Taerwe L., Thomas P., Poppe A.-M., Methodolog@r ontwerp en
evaluatie van het draagvermogen van wegbruggen rloendg aan
werkelijke verkeerstoestanden — Experimenteel Crudds, Laboratorium
Magnel, Ghent 1999

6. ENV 1992-2: “Eurocode 2 — Design of Concrete Stites — Part 2:
Concrete bridges”, CEN Brussels, 1996



