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ABSTRACT: It is difficult to get adequate information about the load-bearing properties of the different asphalt systems which
are used for the surfacing of modern timber road bridges. The authors have participated in a research project to investigate the
load-bearing behaviour of different, asphalt-based road surfacing systems under service loads. First, suitable material
combinations and layer compositions were selected for detailed research. The transfer of horizontal forces through the composite
construction was a special research interest. A number of test series was carried out to investigate the adhesion between the
surfacing and the timber deck. The test results were comparable to those obtained for surfacing placed on concrete and steel bridge
decks. The tests confirm that the requisite bonding strength can be achieved with similar systems such as those used in steel and
concrete bridges. Structural recommendations for the practical application are also presented in the paper.
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1 BACKGROUND AND PROJECT AIMS

Nowadays, mastic asphalt and rolled asphalt are both used for
the surfacing of timber road bridges. A durable sealant
between the asphalt layer and the timber deck is of enormous
importance for both systems [1], [2]. It protects the timber
deck from direct contact with the molten asphalt during the
pouring phase. Later on, it prevents the entry of water.

In systems without shear connection between asphalt structure
and bridge deck, there is the risk of the development of
"surface waves" caused by high braking and acceleration
forces. In Germany for instance, only systems with shear
connection are permitted for traffic road bridges.

In comparison to concrete and steel bridges, research work on
the surfacing of timber bridges has been rather modest.

The authors have participated in a research project to
investigate the properties of different, asphalt-based road
surfacing layers under service loads. The research project was
concerned with the shear resistance of the surfacing, and with
the problem of “blistering” which may occur when hot asphalt
is poured on a timber deck. The research work included the
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scientific observation and monitoring during the renovation of
the surfacing of the Bubenei Bridge in Canton Berne,
Switzerland [3].

The paper will give an overview of the test set-ups and the
results obtained. The monitoring of the resurfacing of the
Bubenei Bridge gave useful inputs which also helped in the
formulation of recommendations for the practical application.

2 MATERIALS AND METHODS

2.1 SHEAR TESTS

Systems without shear connection and systems with a shear
connection between asphalt structure and deck material are
used for road bridges: the tests performed during the research
work were limited to systems with a shear connection.

Figure 1 shows the layer composition of a typical system with
shear connection. The surface coating on the timber bridge
deck is the “glue” which holds the bridge deck and the sealant
together. The mastic asphalt structure lies on the sealant and is
glued to it.
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Figure 1: Sketch of a system with a bonded shear
connection between asphalt and bridge deck
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In surfacing systems without shear connection, the surface
coating is replaced by a separation layer, e.g. glass-fleece and



oil-impregnated paper. As mentioned above, only systems
with shear connections were tested.

All test specimens included a layer of temperature modified
mastic asphalt (pouring temperature 200 °C) because they are
more favoured in systems with shear connection. No rolled
asphalt was used.

The following parameters were also investigated:

a) The deck material, such as steel, concrete, cross laminated
timber (CLT) and laminated veneer lumber (LVL).

b) The sealant system, such as polymer bitumen membranes
and liquid synthetic sealants (based on polymethyl
methacrylate, PMMA) together with various surface
coatings.

Table 1 explains the parameters of the test specimens.

Table 1: Layer composition of the test specimens

Deck material ~ Surface coating Sealant
Concrete Sanded epoxide PBM
Concrete LS primer LSS
Steel Primer PBM
Steel LS primer LSS
CLT Sanded epoxide PBM
CLT LS primer PBM
CLT LS primer LSS
CLT Epoxide primer LSS
LVL Sanded epoxide PBM
LVL LS primer PBM
LVL LS primer LSS
LVL Epoxide primer LSS

PBM: polymer bitumen membrane; LSS: liquid synthetic sealant (PMMA)

The selected material combinations and layer compositions
were subjected to shear and tensile bonding (adhesion) tests.
Figure 2 shows the set-up for shear tests.
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Figure 2: Test set-up for the shear tests

2.2 RESURFACING OF THE BUBENEI BRIDGE

The surfacing of the Bubenei Bridge needed to be redone
because of numerous cracks in the asphalt. No sealant was
used in the old surfacing. The timber deck had a very high
moisture content of 18 — 20 %. The distribution was very

uneven: in some places the moisture content was measured
to be over 100 %.

For cost reasons, the owners and the project engineer
decided to leave the timber deck in position despite the
extraordinary moisture content. Their reasoning was that
the new sealant would prevent more water from getting to
the timber deck. The fact that the new sealant would also
prevent the timber from drying upwards was an accepted
risk: the engineer estimated that the drying downwards
away from the sealant would be slow but adequate.

Because of the high moisture content of the timber deck,
there was a risk of severe blistering when the mastic
asphalt would be poured. Despite the risk of “surface
waves” caused by braking and acceleration forces, the
project engineer decided to use a surfacing system without
a shear connection to the bridge deck. The selected
solution is shown in Figure 3 below: it had two important
advantages to mitigate the risk of blistering. First, a
separation layer of glass-fleece and oil-impregnated paper
was combined with closely drilled release openings for the
controlled discharge of any water vapour which might
form during the pouring of the mastic asphalt. The second
measure was the massive reduction of energy input by
using temperature-modified mastic asphalt with a
relatively low pouring temperature of 200 °C. The
thickness of the lowest asphalt protective layer was
reduced to 25 mm and it was placed carefully by hand.

Top layer, 45 mm GA M16

Protecitve layer, 25 mm GA M8

PBM, single-ply
................................... Oil-impregnated paper

Bridge deck (glued
laminated timber) with
holes for the vapour
pressure equalisation

|
% f
Figure 3: Layer composition of the new surfacing of the
Bubenei Bridge

The researchers were given two monitoring assignments
on the Bubenei Bridge. Before the new surfacing was
poured, they mounted temperature gauges at different
depths of the timber deck to clarify if the temperatures
would rise high enough to cause the moisture in the timber
to vaporise. Moisture measuring instruments were
mounted in several places to monitor the expected, long-
term drying of the timber downwards, away from the
newly placed sealant.
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3 RESULTS

3.1 SHEAR TESTS

The test results showed different load-bearing behaviours
for the two sealants used. Layer compositions with
polymer bitumen membranes (PBM) exhibited very ductile
behaviour: the yield shear stress of 0.2 - 0.6 N/mm? was
attained at an elastic deformation of 1 - 2mm. The plastic
deformation after the yielding was considerable: the tests
were stopped after a deformation of 10 mm was attained
(Figure 4). After the tests, the elastic deformation of the
specimens was slowly but fully recovered after a few days.

Figure 4: Plastic deformation of a test specimen with PBM
sealant on CLT (left) and on concrete (right)

On the other hand, layer compositions with liquid synthetic
sealants (LSS) exhibited wvery brittle load-bearing
behaviour. The failure shear stress was 2.5 - 5 times higher
than the values obtained for the specimens with PBM. In
all the tests, failure always occurred at the interface
between the LSS and the mastic asphalt (Figure 5).

Figure 5: Brittle failure of the shear connection of the
LS sealant on a steel deck

The shear force / deformation diagrams below confirm that
the results of the shear tests depended mainly on the type
of sealant used: the test specimens with PBM all exhibited
ductile behaviour, whilst the LSS all exhibited brittle
failure modes. The type of bridge deck did not seem to be
of any importance: there were no significant differences
when timber, steel or concrete bridge decks were used
(Figure 6, Figure 7, Figure 8 Figure 9).
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Figure 6: Shear stress and deformation diagrams for
different surface compositions on a concrete deck
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Figure 7: Shear stress and deformation diagrams for
different surface compositions on a steel deck
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Figure 8: Shear stress and deformation diagrams for
different surface compositions on a CLT-deck
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Figure 9: Shear stress and deformation diagrams for
different surface compositions on a veneer timber deck



3.2 OBSERVED BLISTERING DURING THE
MANUFACTURE OF THE TEST SPECIMENS

During the manufacture of the test specimens for the shear
tests, in particular during the pouring of the hot asphalt onto
the bridge deck, some remarkable observations of blistering
were made. Many of the specimens with an epoxide primer
suffered some clear blistering. The epoxide primer is known
to be open to water vapour diffusion. The heat of the asphalt
apparently caused water vapour to rise from the timber to
accumulate directly at the bottom face of the sealant. The
water vapour caused a partial separation of the sealant from
the timber deck: in some places it penetrated the sealant and
collected as “blisters” in the asphalt (Figure 10, Figure 11,
Figure 12).

Figure 10: No blistering observed in this specimen of
asphalt surfacing on CLT

Figure 11: Clear blistering in the surfacing of this specimen
of asphalt surfacing on CLT

Figure 12: This test specimen has been cut open to display
the clear blistering

The effect of the blistering which occurred in some specimens
was evident during the later shear tests. The shear strength of
samples with blisters was reduced by approximately 10 - 15%
as compared to an undisturbed sample. The obvious reason
was the reduced contact area for the shear force. It was
also observed that the test specimens which exhibited
blistering were more ductile in their load-bearing
behaviour than the specimens which did not suffer
blistering. A plausible explanation might be that the
weakened material around the blisters were deformed more
readily but then got caught in the indentations on the wood
surface (Figure 13, Figure 14).
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Figure 13: Shear stress / deformation diagram of a test
specimen without blistering
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Figure 14: Shear stress / deformation diagrams of test
specimens with blistering



3.3 RESURFACING OF THE BUBENEI BRIDGE

The research team was allowed to scientifically observe the
renovation of the surfacing of the Bubenei Bridge (Canton of
Berne, Switzerland). The massive timber deck was surfaced
with a 25 mm thick asphalt structure [4] supplied with vent
holes but without a shear connection. Despite the high wood
moisture content, no increased blistering was observed. The
temperature in the wooden deck was observed to rise very
slowly during the application of the temperature-modified
asphalt: a sudden evaporation of water could not occur
according to the temperature measurements (Figure 15).
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Figure 15: Temperature profile for a timber deck during
asphalt coating

The second task of the researchers was the long-term
monitoring of the moisture content of the timber beams of the
bridge deck. These had suffered considerable wetting because
no sealant had been foreseen in the old surfacing. Because of
cost reasons, the engineers had decided to reuse the beams.
The new sealant prevented a drying upwards through the new
surfacing. There was a risk that the drying of the beams
downwards might be too slow to prevent fungus attack. This
task is still on-going.

4 TECHNICAL SPECIFICATIONS

4.1 GENERAL STATEMENTS

The pouring of hot asphalt for the protection layer
immediately above the sealant and bridge deck is
particularly risky with regard to blistering. This risk can be
mitigated by limiting the thickness to 25 mm [4].

In unroofed bridges, the strewing of lightly coloured sand
or similar material on the wet, topmost asphalt helps to
reduce the surface temperature in summer and thus to
mitigate the risk of later blistering.

The research project also revealed that for the
rehabilitation of a bridge surfacing, the requirements for
the surfacing system and the composition of layers are
quite different from those for a new bridge construction.

4.2 NEW CONSTRUCTION

There are drawings in the Swiss standard SN 640451
which illustrate different variants for the composition of
surfacing systems without shear connection. Our research
work indicates, however, that the protection layer should
not exceed 25 mm (Figure 16). A top layer of 45 mm is a
possible solution in the above mentioned standard.
However, the noise emissions can be considerable when
heavy traffic rolls on this rough top layer. On highly
frequented roads, particularly at braking points before
traffic lights, a three layered asphalt construction would
reduce the noise emissions and also help prevent the
development of “waves” (Figure 17).

Top layer: 45 mm GA M16
Protective Layer: 25 mm GA M8
Sealant: PBM

Separation layer: glass-fleece and
oil-impregnated paper
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Figure 16: Sketch of a classical system with no shear
connection between asphalt and bridge deck

Top layer: 2 x 35 mm GA M11
Protective layer: 25 mm GA M8
Sealant: PBM

Separation layer: glass-fleece and
oil-impregnated paper
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Figure 17: System with no shear connection between
asphalt and bridge deck: three layers of asphalt for higher
demands

Surfacing systems with shear connection should be
provided with a vapour-tight sealant, which is an important
solution to the blistering problem. For future rehabilitation
purposes, the removal of the surfacing could lead to a
damaging of the timber deck. It may therefore be useful to
provide a wearing layer on top of the timber deck, e.g. in
the form of a thick wood-based board. The mechanical
connection between the board and the timber deck should
be designed for the expected horizontal forces. The
epoxide seal should be placed on top of the wearing layer
(Figure 18). During the rehabilitation, the wearing surface
can be readily replaced.

Top layer: 35 mm GA M11
Protective layer: 25 mm GA M8
Sealant: PBM

Surface coating: sanded epoxide
Wood-based material e.g. LVL
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Figure 18: Surfacing system with a shear connection: note
the recommended wearing layer (wood-based material)
between sealant and timber deck



4.3 RECONSTRUCTION

For the rehabilitation of a bridge surfacing, the site
conditions need to be studied carefully because they have a
great influence on the choice of a suitable solution, in
particular the maximum possible thickness of the surfacing
system and the state of affairs of the timber deck with
regard to evenness, moisture content etc.

In surfacing systems without shear connection, the drilling
of ventilation holes to regulate the vapour pressure is
generally recommended to reduce the risk of blistering
during the pouring of the asphalt. The protective asphalt
layer should not be thicker than 25mm (Figure 19).

Top layer: 35 mm GA M11

Protective layer: 25 mm GA M8
Sealant: PBM

Separation layer: glass-fleece and
oil-impregnated paper
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Figure 19: Recommended surfacing system with no shear
connection between asphalt and bridge deck

In surfacing systems with shear connection, the boundary
conditions should be carefully studied. The maximum
thickness possible for example may be limited by the
surrounding conditions. In such a case it may not be
possible to provide a wearing layer over the timber deck as
recommended for new structures. Thus the epoxide primer
and the sealant would have to be placed directly on the
timber deck (Figure 20). The risk of blistering is too high if
the moisture content of the timber deck is above 18 %: a
surfacing system without shear connection should be used.

Top layer: 35 mm GA M11
Protective layer: 25 mm GA M8
Sealant: PBM

Surface coating: sanded epoxide
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Figure 20: Recommended surfacing system with shear
connection between asphalt and bridge deck

5 CONCLUSIONS

The research work largely confirms earlier research work
that asphalt surfacing types which are typically used for
steel and concrete bridges can — with some appropriate
modifications - be safely and reliably used for timber
bridges as well. The shear tests performed confirm that the
different layer compositions perform equally well on
timber, steel or concrete decks.

A durable sealant between the asphalt layer and the timber
deck is an important water protection for the timber material.
For timber bridges with a shear connection between the
asphalt structure and the timber deck, a sealing with a vapour

proof surface coating prior to the installation of the sealant or
the pouring of the hot asphalt is essential.

Another important need is to prevent blistering, because
timber decks typically contain much more moisture than
steel and concrete decks. Surfacing types which use an
epoxy primer to help activate the adhesion between the
sealant and the timber deck are particularly at risk with
regard to blistering hazards. This hazard can be mitigated
by reducing the energy of the poured asphalt with three
measures: first, temperature-modified asphalt with a
pouring temperature under 200 °C should be used.
Secondly, the protective asphalt layer lying directly on the
sealant should not exceed 25 mm. Finally, the hot asphalt
should be placed carefully by hand and not with a road
finishing machine.

The research work showed that the load-bearing behaviour
of the bridge surfacing under shear forces was largely
determined by the type of sealant used. Two important
sealants types were thoroughly investigated. Although the
sealants of the type polymer bitumen membrane (PBM)
had a much lower yielding stress that the brittle shear
strength of the liquid synthetic sealants (LSS), the former -
PBM - is probably more suitable for timber bridges
because it can better accommodate the large deformations
which may occur between the surfacing and the bridge
deck of timber bridges.
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