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! Abstract

The estimated life for concrete bridges in Denmark is 100 years. One condition to
ensure this long lifetime is waterproofing of the bridge deck together with a high
quality asphalt pavement.

The surfacing of the concrete bridge deck is important because the concrete should be
protected against water and de-icing salts. These factors can lead to reduction of the
durability of the concrete by washing out the concrete and risk of frost damage.
Penetration of water will also increase the risk of alkali silica reactions, and chlorides
from de-icing salts may reach the steel reinforcement in the concrete and initiate
corrosion.

The first layer in the surfacing of the concrete bridge is the waterproofing. The
traditional way to waterproof concrete bridge decks is two layers of fully torch-welded
polymer modified bitumen sheets on a primer system. The sheets consist of an
impregnated non-woven polyester reinforcement covered by polymer modified bitu-
men on both sides.

On top of the waterproofing sheets, a draining layer is laid. The draining layer consists
of 15 mm very open-graded asphalt concrete with an air void content of 20 percent by
volume. The purpose of this layer is to permit drainage of water from the surface of
the waterproofing to drain channels, which lead the water to drip-pipes or drains at the
abutment and thus relieve the waterproofing from water pressure.

The drain channels are placed in deep lines parallel to the edge beams and directly
above the waterproofing sheets. The drain channels are normally made of very open-
graded epoxy concrete with a thickness of more than 25 mm and with a width between
100 and 150 mm. The drip-pipes are placed under the drain channels. Each pipe
normally drains about 100 m? bridge deck.

Above the draining layer, the protecting and wearing course are laid with a thickness
of 80 to 100 mm in total. The protecting course is normally asphalt concrete with a
high content of aggregate larger than 4 mm and with low air void content (less than 4
percent by volume). The protecting course is a binder layer, which also protects the
waterproofing from mechanical damage, and minimises leak of water to the draining
layer.

On smaller bridges, the wearing course is often the same as that used on the adjacent
road. On larger bridges Stone Mastic Asphalt (SMA) is normally used as wearing
course.
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Introduction

The estimated life for concrete bridges in Denmark is about 100 years. One condition
to ensure this long lifetime is waterproofing of the bridge deck together with high
quality asphalt pavement. When the performance of the waterproofing and the asphalt
pavement is as specified in the Danish Road Standards [1, 2, 3], the lifetime for the
wearing course on the bridge is approximately 25 years and 50 years for the protecting
course and the waterproofing. Hence, during the lifetime for a concrete bridge, the
wearing course has to be replaced three times, while the protecting course and
waterproofing have to be replaced once.

The surfacing of the concrete bridge deck is important because the concrete should be
protected against water and de-icing salts since these factors can lead to reduction of
the durability of the concrete by washing out the concrete and risk of frost damage.
Penetration of water will also increase the risk of alkali silica reactions, and chlorides
from de-icing salts may reach the steel reinforcement in the concrete and initiate
corrosion.

The first layer on the concrete bridge is the waterproofing. The traditional Danish way
to waterproof concrete bridge decks is two layers of fully torch-welded polymer
modified bitumen sheets on a primer system. On the waterproofing sheets a draining
layer is laid. The purpose of this layer is to permit drainage of water from the surface
of the waterproofing to drain channels. Above the draining layer, the protecting and
wearing course are laid with a thickness of 80 to 100 mm in total. Construction of the
surfacing for a concrete bridge is illustrated in figure 1.
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Figure 1. Construction of the surfacing for a concrete bridge with an estimated lifetime

of 100 years. During this lifetime, the wearing course has to be replaced three times, while
the protecting course and waterproofing have to be replaced once.



The main functional requirements for the waterproofing and asphalt pavement are the
following:

* The waterproofing must be watertight under all conditions.

» Waterproofing and asphalt pavement must have mechanical stability and strength to
resist traffic loads including compression and shear forces in curves and during
braking and acceleration.

» Waterproofing and asphalt pavement must be resistant to cracking and stratification
during influence from temperature variations and traffic loads.

* Waterproofing and asphalt pavement must maintain mechanical and chemical
resistance during normal loads, and from weathering and de-icing chemicals.



Waterproofing sheets

The concrete surface, where the waterproofing should be applied, should have a gradi-
ent of more than 10 per thousand in the longitudinal direction to ensure that drainage
can occur in the drainage layer built in and on the surface of the asphalt pavement.
This is very important since the lack of this gradient has shown several damages on
concrete bridges due to water penetration.

When the concrete has cured to a sufficient strength (during summer season this
strength can be obtained after only 3 days) the concrete surface is shot or sandblasted
in order to remove excess cement laitance and to create a surface texture that will
ensure good bonding when the waterproofing is carried out. As soon as possible after
the shot or sandblasting, a primer is applied on the clean concrete which must be
surface-dry. The purpose of the primer is to establish a good bond to the waterproofing
sheets and to close the voids in the concrete, thus minimising the risk of formation of
blisters or bulges between the concrete and the waterproofing sheets. Sealing of the
concrete surface with two layers of sand dusted epoxy primer is used when total assu-
rance against blister formation is wanted.

It is only allowed to use a primer type approved in Denmark [4]. Today, three primers
are type approved. Two are based on synthetic materials in a solvent and one is a
solvent free epoxy primer dusted with sand. The two synthetic primers containing
solvent cannot withstand direct torch-welding, when the waterproofing membranes are
applied and hence they are protected by a second primer that consists of 50% solution
of polymer modified bitumen.

When the primer or primers have been applied, the texture of the concrete surface
must be between 0.4 and 1.3 mm measured by the sand patch method [5] all over the
bridge deck.

After priming of the concrete bridge deck, normally two polymer modified bitumen
sheets are fully torch-welded on the surface. For bridges with low daily traffic (ADT <
2000), without considerable importance for local and regional traffic, without heavy
traffic or without braking or turning traffic, only one polymer modified bitumen sheet
is specified (upper sheet).

The polymer modified sheets consist of an impregnated non-woven polyester
reinforcement covered by polymer modified bitumen on both sides. The thickness of
each sheet is 4.5 mm. The lower sheet has | mm polymer modified bitumen on top of
the reinforcement and 2.5 mm on the under side. In the upper sheet the reinforcement
is placed at the top of the sheet, with only 0.1 - 0.2 mm polymer modified bitumen
above the reinforcement and 3.3 - 3.4 mm under the reinforcement. It is important to
have a minimum of polymer bitumen on top of the upper sheet, since a draining layer
is laid on top of the upper sheet, and hence too much bitumen on top may risk
blocking the drainage. The sheets are normally 1 m wide and 10 m long.



The sheets are normally torch-welded by a gas burner battery with 6 to 10 flames. The
joining of the bitumen sheets must have an overlap of at least 100 mm in the longitudi-
nal direction (which is also the longitudinal direction of the bridge) and at least 150
mm in the transverse direction. Overlaps are placed in accordance with the direction
of the slope in such a manner that the sheet in the upper position overlaps the sheet in
the lower position. The second layer of polymer modified bitumen sheets is applied in
such a manner that the overlaps are displaced by at least the width of one overlap in
relations to the first layer.

It is recommended that the waterproofing should be applied in the summer months
(from April to September). After application, the waterproofing sheets should be
covered with a light cover such as tarpaulins to protect the sheets against sunlight and
development of blisters between the sheets and concrete. Further, it is recommended
to apply the asphalt layers as soon as possible.

Figure 2. Polymer modified waterproofing sheets are
torch welded to the surface of the primed concrete.
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! Flashing at the edge beam

The edge beam is a very important part of the waterproofing since experience has
shown that many problems with the waterproofing start at this point. For that reason,
particular care is taken at the edge beams where water often is “gathered” due to the
transversal gradient of the bridge. Further, movements due to temperature and
shrinkage between the pavement and the concrete with the applied waterproofing
sheets have to be taken into account.

At the edge beams, the waterproofing sheets are applied approximately 10 cm
upwards against the edge beam. On the top of the polymer modified bitumen sheets,
an elastic synthetic sheet is placed without gluing. On the three sheets, a stainless steel
profile is bolted to the concrete. Tightening the bolts at least twice with a torque
spanner before the asphalt layer is applied regulates the pressure, from the steel profile
against the sheets.

Under the steel profile, no overlap of the polymer modified bitumen sheets or the

synthetic sheet must take place, and only butt-joining is allowed. An example of the
construction at the edge beam is illustrated in figure 3.
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Figure 3. Special care is taken at the edge beam where the sheets are fastened with a
stainless steel profile to the concrete.
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Draining

It is important to relieve the waterproofing from any water-pressure. To ensure this,
the upper side of the waterproofing is drained to drip-pipes or to direct outlets. Thus,
the slope of the upper side of the waterproofing is directed towards such outlets.

A drainage layer provides the drainage of the waterproofing. An open-graded asphalt
concrete is laid on the surface of the waterproofing sheets in a thickness of 15-20 mm.
The purpose of this layer is to permit sub-surface drainage of any seepage water
through the above-lying pavement through drain channels to drip-pipes or drains.

The open-graded asphalt concrete must retain a large content of air voids,
approximately 20 vol-%, when compacted and post-compacted by the traffic. Further,
the stability of the layer must be sufficient for its function as a base layer for the pave-
ment.

The open-graded asphalt concrete normally consists of crushed granite and standard
bitumen in 4-5% by weight. The percentage passing the 8 mm sieve shall be 100% and
the percentage passing the 2 mm sieve less than 25% by weight. After the drainage
layer is laid, it must be rolled immediately.

Drain channels are placed in deep lines parallel to the edge beams and directly above
the waterproofing sheets. They are always placed outside the trafficked area. The
drain channels are normally made of very open-graded epoxy concrete in a thickness
of more than 25 mm and with a width between 100 and 150 mm. Further, drain
channels are also laid parallel with the joints, at the upstream side of the joint.

Drain channel

Wearing course

Protecting course
Draining layer
Waterproofing sheets

150 x 150 mm net of
stainless steel
e

e
00 mm
< o Drip pipe of stainless steel
4 4%
4 1-
@ 63 mm pipe
20 mm

Figure 4. Drip-pipe placed lower than the surface of the waterproofing under a drain channel.
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Drip-pipes are placed under the drain channels. They must be corrosion resistant and
sufficiently wide to avoid closing. Each pipe normally drains about 100 m? bridge
deck.

Due to the risk of ice building during winter times, drip-pipes ought to be placed away
from trafficked areas under the bridge.

The drip-pipes are placed lower than the surface of the waterproofing. To establish
this, a funnel-shaped recess is made in the concrete surface with a depth of 10-20 mm.
The inner diameter of the drip-pipes is no less than 50 mm to avoid that a layer of lime
plugs them.
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Protecting and wearing course

Above the draining layer the asphalt pavement is laid with a thickness of 80 to 100
mm. It normally consists of a protecting and a wearing course.

The protecting course is in most cases asphalt concrete (ABM), modified compared to
traditional asphalt concrete, with a high content of aggregate larger than 4 mm and
with low air void content (lower than 4 percent by volume). ABM is made with a hard
bitumen grade (penetration, 100g, 5 seconds, 25°C, is between 50 and 70 1/10 mm)
and is rich in binder content.

The protecting course is a stable and dense binder layer, which also protects the
waterproofing from mechanical damage and prevents penetration of surface water.
Due to the stability of the pavement and for the sake of the heat influence on the
waterproofing sheets lying below, the protecting course should not be thicker than 50
mm.

On smaller bridges, the wearing course is often the same as that used on the adjacent
road. On larger bridges, Stone Mastic Asphalt (SMA) is normally used as wearing
course. The wearing course should also be made with a hard grade or polymer
modified bitumen.

The specifications for asphalt pavements on bridges are based on the specifications for
pavements for roads but are made more rigorous in their requirements, a stronger
material and performance control is demanded together with a more comprehensive
inspection during the execution of the work. The control is primary sharpened in the
intensity of which cores are taken from the pavement for material control in the
laboratory. In addition, cores must be taken 20 mm from joints in the asphalt layer in
order to measure the air void content.
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Joint sealing

In the longitudinal direction of the bridge, a joint is made between the wearing course
and the edge beam with the purpose of absorption of movements between the concrete
edge beams and the asphalt pavement due to traffic and temperature. This joint is
filled with a hot poured joint sealant or a cold applied joint sealant after priming of the
sides in the joint. Before applying the primer and sealant, the joint must be cleaned,
which normally is done by sandblasting. The joints are filled up to the edge. Where
the vertical joint side continues above the joint level, the joint sealant is moved
upwards in a small groove. Only a type approved joint sealant and matching primer
may be used.

Expansion joints may be necessary between the adjacent road and the bridge or
between bridge elements on longer bridges. These expansions joins can be made
mechanically or by use of a bituminous joint sealant filled with stone aggregate
(asphaltic plug joint).

To obtain large movements (a real dilatation joint) an asphaltic plug joint is made in
both the protecting course and the wearing course. (The width of the joint is
approximately 200 mm wider in the wearing course than in the protecting course
below). Hot stones are placed in the joint and immediately compacted. Immediately
after compaction, hot bituminous sealant is poured on the stones in such a way that the
binder fills all the voids and just covers the stones. This procedure is performed at
least twice or until the asphaltic plug joint is level with the wearing course.
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Final remarks

The concept described for surfacing of concrete bridge decks has been used many
years in Denmark with a very good result. At the Great Belt Link, the concept has
recently been used for the 6.6 km long concrete bridge. On this bridge, the surfacing

consists of two layers of epoxy primer to get assurance against blistering, 15 mm open
graded asphalt concrete, 40 mm protective course (ABM) and 40 mm SMA as wearing

course. The bridge surfacing was completed in 1995 and the lifetime of the wearing
course is expected to be at least 25 years after heavy traffic.

Figure 5. The 6.6 km West bridge on the Great Belt Link has two layers of epoxy primer to
get assurance against blistering, 15 mm open graded asphalt concrete, 40 mm asphalt
concrete (ABM) as protective course and 40 mm Stone Mastic Asphalt (SMA) as wearing
course.
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