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Abstract 
A bridge’s expansion joints will almost certainly have to be replaced several times during the 
course of the bridge’s life, often causing great disruption to traffic and significant expense to the 
owner – impacts which should, of course, be minimised. The choice of expansion joint selected to 
replace an old joint strongly influences the expense and disruption caused by replacement works, 
not only for the current replacement project but also for the next one in the future. Therefore, the 
way in which joint replacement works are to be carried out, and in particular the type of joint to 
be used, warrants careful consideration by the responsible engineers. This paper presents a range 
of solutions, covering single gap joints, sliding finger joints and modular joints, which minimise the 
amount of an existing structure that requires to be broken out when replacing an expansion joint. 
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1 Introduction 
Expansion joint renewal is a source of 
considerable expense to bridge owners and can 
cause enormous disruption to traffic – both 
impacts which should be minimised during the life 
of any structure. The best way to do this is to use 
only high-quality, properly designed expansion 
joints, and ideally ones which have proven their 
performance on many structures for many years. 
This will ensure that maintenance and repair 
efforts will be minimised during the life of the 
joint, and that the frequency of replacement 
projects can be reduced thanks to a longer service 
life. But where significant movements must be 
accommodated, even the best, most perfectly 
designed and detailed joint is likely to require 
replacement several times during the life of the 

main structure. This is because the joint is far 
lighter and less robust than the bridge as a whole, 
yet subjected to fatigue loading with the passing 
of every vehicle. 

When the time comes to replace an expansion 
joint, a solution is required which not only 
minimises disruption to traffic and total effort and 
expense, but also fulfils any other relevant 
objectives. For instance, it is generally desirable to 
minimise the amount of deck structure which 
must be broken out, in order to avoid unnecessary 
weakening of an otherwise sound structure and to 
minimise noise and dust pollution during the work 
(as well, of course, as contributing to reduced 
effort, expense and traffic disruption). And the 
opportunity should always be taken to consider 
ways of improving the performance or 
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functionality of the joint – for instance, by 
reducing the noise caused by traffic crossing the 
joint. Of course, the normal functionalities of high-
quality joints, such as the watertightness required 
to prevent deterioration of the bridge structure 
beneath, must always by ensured. 

Solutions to such challenges are presented below, 
covering a wide range of expansion joint 
replacement scenarios: a single gap joint which 
can generally be used to replace any small-
movement joint; a sliding finger joint which can 
generally be used to replace any medium-
movement joint (and facilitates very easy future 
rehabilitation work); and a modular joint, for even 
very large movements, for which a partial renewal 
can be designed, avoiding the need to break out 
concreted-in elements. 

2 The Tensa®Crete single gap joint 
Where the movements to be facilitated by an 
expansion joint are small (typically 80 mm or less), 
single gap joints (with a single rubber seal joining 
two steel edge profiles) often present an optimal 
solution – being very strong and durable, totally 
watertight and very accommodating of multi-axial 
deck movements and rotations. When equipped 
with noise-reducing surface plates (“sinus plates”), 
single gap joints such as Tensa®Crete (Type RE), as 
well as becoming very quiet under traffic, can 
facilitate deck movements of up to 100 mm.   

The Tensa®Crete joint (Figures 1 and 2) was 
developed especially for use in bridge 
refurbishment projects, minimising the amount of 
break-out required when installed to replace an 
old joint. The steel edge profiles of the joint are 
anchored in Robo®Flex high-strength polymer 
concrete, which is strong enough to secure them 
to a suitably prepared concrete substructure 
without reinforcement. This enables their 
dimensions, and in particular their depth, to be 
greatly reduced – so much so, in fact, that this 
type of joint can typically be installed within the 
depth of a bridge’s asphalt surfacing. This means 
that much less of the existing structure must be 
broken out (Figures 3 and 4), resulting in less 
construction effort, less wastage of materials and 
less noise and dust nuisance. Indeed, breaking out 
of more than the surfacing may be highly 

undesirable or impossible in certain cases, for 
instance where a girder is in the way or where the 
steel bars of reinforced concrete would need to be 
cut, weakening the structure. Whatever the 
existing joint type, it is only necessary to remove 
the joint to a depth of approximately 60 – 80 mm 
(likely to involve no breaking out of concrete or 
placing of reinforcement) and ensure a clean, solid 
subsurface to which the polymer concrete can 
bond (see Figure 3). 

In addition to being much stronger than regular 
concrete, the polymer concrete used also cures 
very quickly, gaining the strength needed to 
support traffic loading within a matter of hours 
(e.g. as little as 4 to 6 hours, depending on 
temperature and humidity) – further reducing the 
impact of the work on traffic. And the joint can be 
equipped, if desired, with noise-reducing surface 
plates. Refer to [1] for further details. Such 
expansion joints can thus play an important role in 
the rehabilitation of many of the countless bridges 
around the world which require renewal of small 
movement expansion joints. 

 
Figure 1. A Tensa®Crete single gap joint with 
anchorage in high-strength polymer concrete 

 
Figure 2. Tensa®Crete single gap joints can be 

installed diagonally and detailed with horizontal or 
vertical bends 
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Figure 3. The anchorage in polymer concrete 
minimises break-out – often requiring only 

removal of the old joint and asphalt surfacing 

 
Figure 4. Use of a joint requiring anchorage in 

normal concrete (as shown) is far less convenient 
when installed to replace an existing joint 

3 The Tensa®Flex sliding finger joint 
Where the movements to be facilitated by an 
expansion joint are larger than can be 
accommodated by single gap joints, finger-type 
joints often present an optimal solution, offering 
low maintenance, low noise and high driver 
comfort. One type of finger joint, described 
below, was developed, among other reasons, to 
simplify expansion joint installation and 
refurbishment works and minimise the impact on 
traffic while such works are carried out. 

The Tensa®Flex (Type RC) sliding finger joint, as 
illustrated in Figures 5 and 6, is a flexible metal-
elastomeric bonded system which consists of two 
asymmetric parts. The lower (female) part has 
fingers which are welded to a base plate, and is 
anchored to one side of the gap that is to be 
bridged. The upper (male) part has protruding 
fingers which slide between the fingers of the 

female part as the bridge deck expands and 
contracts. The fingers of the upper part are pre-
tensioned downwards and therefore apply a 
permanent pressure to the opposing sliding 
surface of the lower part. This expansion joint can 
facilitate expansion / contraction movements of 
up to 800 mm.  

 
Figure 5. A Tensa®Flex (Type RC) sliding finger 

expansion joint, as installed 

 
Figure 6. Schematic section of a Tensa®Flex 

expansion joint 

The joint’s design offers many advantages, in 
addition to low noise and high driver comfort: 
vertical movements of one side of the joint 
relative to the other are facilitated, as the pre-
tensioning downwards of the fingers ensures that 
they will remain in contact with the sliding surface 
below at all times, avoiding hazards to over-rolling 
traffic; the “simply supported” design of the 
fingers which span the bridge gap means that no 
significant moment loading is transferred to the 
support structure; the flexible and shock-
absorbing design protects the bridge structure 
from fatigue-related problems; and of particular 
interest for bridge maintenance staff, the modular 
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design of the system allows the individual 
elements of the joint to be replaced in a very short 
period of time (for example, in one night) on a 
lane-by-lane basis. It is also possible to only 
replace the joint under the lane with heaviest 
traffic, should this section of joint require 
replacement earlier than the rest. 

3.1 Installation in a new structure or where 
traffic can be disrupted 

The installation of the joint on a concrete surface 
(without the use of an optional steel 
substructure), either on a new structure or where 
traffic management considerations do not 
demand a speedier return of the structure to full 
service, is illustrated by Figures 7 to 10.  

 
Figure 7. Placing of reinforcement and shuttering 

in preparation for concreting 

 
Figure 8. Placing of concrete with precise leveling 

of top surface to receive finger plate elements 

 
Figure 9. Placing of drainage channel 

 
Figure 10. Placing and securing of finger plates, by 

hand 

3.2 Replacement of expansion joints with 
new Tensa®Flex joints - using Mini-Fly-
Over traffic management system to 
minimise traffic disruption 

If an existing expansion joint is to be replaced by a 
new Tensa®Flex joint when it reaches the end of 
its lifetime, the Mini-Fly-Over system can be used 
to allow traffic to cross the site during the 
daytime, while the construction works are carried 
out at night-time (if necessary, on a lane-by-lane 
basis). In this way, unhindered traffic flow during 
peak times can always be facilitated. The process 
is illustrated below with reference to the 
replacement of the old expansion joints (modular 
type) of the Felsenau Viaduct, a major highway 
structure in the Swiss capital, Berne, which carries 
over 100,000 vehicles per day and which therefore 
required all of its six traffic lanes to be open to 
traffic at all times except nighttime and weekends. 
A view of the work site at one end of the viaduct is 
shown in Figure 11, and an overview of the 7-
week works programme is shown in Figure 12. A 
detailed overview of the one-week programme for 
each traffic lane is presented in Figure 13. 

 
Figure 11. View of work site during weekend 

closure of first traffic lane 
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Figure 12. Overview of the 7-week programme, 
allowing one week per lane plus one extra week 

 
Figure 13. Detailed overview of one-week 

expansion joint replacement programme for each 
traffic lane 

Step 1: The old modular expansion joint was 
removed. Clean removal was facilitated by saw-
cutting the joint and the structure beyond the 
extents of the joint as shown in Figure 14. 

Step 2: The asphalt wearing course was then cut 
back at each side and surfaces prepared to sup-
port the Mini-Fly-Over sliding plates. Quick-drying 
Robo®Flex polymer concrete was used to enable 
the surface to be put into service very quickly. At 
the same time, shuttering and reinforcement steel 
were placed in preparation for concreting (Figure 
15). 

 
Figure 14. Removal of existing joint during a 

weekend closure of one traffic lane 

 
Figure 15. Placing of reinforcing steel and 

shuttering, and of Robo®Flex concrete at each side 

Step 3: The Mini-Fly-Over was then placed on the 
Robo®Flex surface, as shown in Figure 16, and 
secured, enabling traffic to pass over the joint 
during weekday daytime lane openings. 

Step 4: During the first weeknight lane closure, the 
Mini-Fly-Over was removed to allow the work to 
progress, and concrete was placed as shown in 
Figure 17. The surface of the concrete was leveled 
to an accuracy of +/-1 mm. The Mini-Fly-Over was 
then put back in place to facilitate traffic. 

Step 5: When the concrete surface had hardened, 
the drainage channel (flexible EPDM) was 
positioned and fixed, with connection to the 
bridge’s waterproofing membrane (Figure 18).  

Step 6: Finally, the new Tensa®Flex expansion 
joint was mounted on the concrete surface, after 
drilling of anchor holes. The elements of the joint 
were small enough to be placed by hand, making 
lifting equipment unnecessary (Figure 19). 

With all work carried out at night and at 
weekends, when one lane could be temporarily 
closed to traffic due to lower traffic volumes, the 
expansion joints could be replaced with no 
significant impact on traffic flows – a very 
satisfying result for the responsible authorities. 

 
Figure 16. Placing of Mini-Fly-Over plates on 
Robo®Flex surfaces before end of first closure 



19th IABSE Congress Stockholm 2016 
Challenges in Design and Construction of an Innovative and Sustainable Built Environment 

6 

 
Figure 17. Pouring of concrete during first 

weeknight lane closure 

 
Figure 18. After concrete has set, placing of 

drainage channel during a nighttime lane closure 

 
Figure 19. Placing of Tensa®Flex finger plate 

elements by hand after drilling of anchor holes 

4 The “box-in-box” method for 
renewal of modular joints 

Modular expansion joints have a great deal to 
offer to bridge designers and constructors, thanks 
to their ability to facilitate very large longitudinal 
movements and the great flexibility they can offer 
– no other type of joint can accommodate 
longitudinal movements of two metres or more 
while also facilitating transverse and vertical 
movements, and rotations about all axes. A 
modular expansion joint contains on its surface a 
number of lamella beams which divide the 

movement gap at the end of a bridge deck into 
smaller individual gaps. The lamella beams are 
connected by elastomeric sealing profiles, and 
supported by perpendicularly orientated beams 
underneath, typically spaced approximately 1.6 
metres apart, along which the lamella beams 
slide. These beams, known as support bars or 
cross-beams, span between steel boxes in the 
deck at each side of the bridge’s movement gap, 
as shown in Figure 20. 

 
Figure 20. Section through a modular expansion 

joint showing a support beam beneath its surface 

In the past, when the time came to replace a 
modular joint at the end of its life, it was 
necessary to supply and install a full new joint 
after complete removal of the existing joint and 
any concreted connections to the bridge deck. 
Such work typically required breaking out of 
significant quantities of concrete at each side of 
the bridge gap, and placing of new reinforcement 
and concrete around the new joint. But a method 
has now been optimised which saves this effort, 
bringing a number of benefits. The method is 
illustrated in Figures 21 to 28 below, and 
described in more detail in [2]. 

Recognising that the parts of a modular joint 
which are concreted in are not subjected to 
dynamic loading, it may be concluded that it will 
not be necessary to replace those parts in most 
cases – saving the effort of breaking out the 
concreted-in parts and the traffic disruption 
caused while the structure is partially demolished 
and reconstructed. As an added benefit, this 
approach also avoids weakening what might 
otherwise be a perfectly sound structure.  
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Figure 21. Removal of the lamella beams of the old 

joint, following removal of asphalt 

 
Figure 22. Cutting of the steel edge beam at each 

side of the joint, at each support bar location 

 
Figure 23. View of the retained substructure 
following completion of cutting and removal 

 

 
Figure 24. Lifting in of the new sub-assembly, 

complete with support bars 

 
Figure 25. Connection of the new sub-assembly to 
the existing substructure by welding, before void 

between old and new boxes filled with mortar 

 
Fig. 26: View of joint following securing in place, 

before reinstatement of edge profiles 
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Fig. 27: View of joint following reinstatement of 
edge profiles, application of corrosion protection 
and insertion of rubber seals, before placing of 

deck waterproofing and asphalt 

 
Figure 28. View of joint following completion of 

first phase during phased replacement. The 
elastomeric sealing profiles (on left) have yet to be 

inserted in the second section 

5 Conclusions 
When the time comes to replace a bridge’s 
expansion joints - as it almost inevitably will, 
perhaps several times during the bridge’s life – a 
number of important considerations should be at 
the forefront of the planning process. Of course, 
the direct costs of the work should be kept to a 
minimum. Even more significantly in many cases, 
the indirect costs of the work, such as disruption 
to traffic and environmental impacts, should also 
be minimised since these can be far higher [3]. 
And it is often important to avoid unnecessary 
impacts on the main structure, which might 
weaken it or reduce its durability.  

In order to meet these objectives, it is very often 
desirable to minimise the amount of the existing 

structure that must be broken out. In addition to 
minimising structural impacts, this also reduces 
the effort required for demolition and removal, 
and the effort and materials required for 
reconstruction – and as a result, the impacts on 
traffic such works would have. 

The methods presented in this paper illustrate 
how the goal of minimising impacts on a bridge's 
structure, its users and its owner's finances during 
expansion joint replacement works can be 
achieved in many varying circumstances. And they 
show how the choice of a particular expansion 
joint solution, at any stage during a bridge’s life, 
can make an important contribution towards 
achieving that goal when the time comes to 
replace that expansion joint years later. It is thus 
clear that such approaches to expansion joint 
renewal should be seriously considered in the 
planning of all bridge rehabilitation projects. 
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