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Figure 2: The weight and speed of around 160,000 cars 

and 140 trains per day cause major vertical 

deformations and resulting displacements and twists    

at the ends of the bridge 

 

These can lead to material fatigue and restrictions 

on utilization.  

The technical challenge of replacing 500 bearings 

of the suspension bridge while traffic was still 

running was correspondingly great.  

REPLACEMENT OF 500 BRIDGE BEARINGS 

UNDER TRAFFIC 

The 25th April Bridge, also known as 25 de Abril 

Bridge (Ponte 25 de Abril in Portuguese) is            

a 3.2 km long suspension bridge that connects 

Lisbon, the capital of Portugal, with the municipality 

of Almada on the left bank of the Tagus River. The 

main span is 1,013 m and the total length of the 

bridge is 2,278 m. 

The bridge was completed and opened in 1966. 

The main girder has two decks. The top deck is for 

cars and since 1999, the lower deck has been 

carrying a double-track railway. 

In 2021, work began on the restoration of the top 

deck substructure. The need for restoration arose 

due to insufficient underpinning of the bridge 

bearings. This caused a cavity to form under the 

bearing, which in turn led to deformation of the 

bearing due to the load of the bridge. 

Around 500 bridge bearings installed in the steel 

framework had to be removed while traffic was still 

running, and replaced with new, very flat 

components from Maurer SE, Munich.  

The new bearings had to be installed in such a way 

that the steel structure moves against each other 

via the integrated plastic sliding surfaces and the 

load of the girders is evenly distributed without 

gaps or other production-related tolerances.  

When replacing the bearings of a suspension 

bridge that is open to traffic, it must be taken into 

account that the permanent compressive load 

variation causes alternating vibrations and forces 

to act on the structure.  

Additional challenges were posed by the speed at 

which the extraordinarily high number of identical 

bearings had to be replaced.   

FORCE-FIT AND FORM-FIT BEARING 

ANCHORING UNDER TRAFFIC   

The project managers' preliminary considerations 

focused primarily on the force-fit anchoring of the 

bearings on the transverse and longitudinal beams.  

The technique usually used for this purpose 

involves the use of individually manufactured lining, 

sheets or wedge plates for gap compensation.  

However, in view of the large quantity of bridge 

bearings and the time and costs involved in 

transporting them, this seemed disproportionately 

expensive.  

This was compounded by the constantly varying 

compressive conditions, which would have made it 

almost impossible to reliably produce suitable 

plates.  

The option of milling the bearing seat was also 

discussed, but this was ruled out as an intervention 

in the existing structure. Ultimately, an important 

requirement for the restoration was to carry it out 

as quickly and cost-efficiently as possible.    
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THE LIQUID-SHIM® MM1018 FROM DIAMANT 

POLYMER GMBH  

Finally, the third option was used on the 

suspension bridge in Lisbon: the Liquid-Shim® 

MM1018 from DIAMANT Polymer GmbH, which 

consists of a two-component metal polymer and 

can be inserted into the gaps and irregularities in 

liquid or putty version.  

An important argument in favour of using this 

variant was that the process has a general building 

approval and has already been used successfully 

thousands of times worldwide in steel and bridge 

constructions. 

The great advantage of the Liquid-Shim® compared 

to conventional steel lining plates is that it fills every 

gap geometry flexibly and precisely to 100 per 

cent, thus creating a complete force-fit and form-fit 

connection and also does not need to be 

mechanically processed or adjusted.  

It also prevents gap corrosion from occurring.  

The two-component reaction resin system can be 

used either as a putty or in a liquid version and can 

be filled or injected, which means that even the 

smallest, non-specific gaps can be securely 

compensated.  

 

DIGRESSION: HISTORY OF THE INJECTION PAD 

FOR THE LIQUID-SHIM® 

Ten years ago, professional divers were faced with 

the task of replacing so-called boat landings on 

offshore wind turbines. Boat landings are impact 

protection designed to protect the actual tower 

from damage by the mooring ship.   

Due to the changing water levels, these boat 

landings were at least 6 m long and each 

connected to the tower via four round flanges. This 

was precisely where the difficulty lay.  

The new components were manufactured on land 

and could only be adapted on-site during assembly 

with considerable effort.  

This was a perfect application for the Liquid-Shim® 

MM1018. The fact that at least one flange was 

always underwater made it difficult to process 

reactive resins.  

To solve this problem, the DIAMANT engineers 

developed the concept of the injection pad as part 

of a research project with the Leibniz University of 

Hanover and demonstrated its functionality in 

underwater use with divers. Injection pads, which 

were first applied in 2014, have been used where 

either sealing the gap space is difficult (such as 

underwater) or where there is simply not enough 

time to seal it. 

Figure 3: Lower deck that carries double rail tracks 

with inspection platforms on the sides 

 

 

Figure 4: DIAMANT Managing Director Carsten Kunde 

took the opportunity to personally inspect the restoration 

work on the Bridge 

 

https://diamant-polymer.de/en/product-solutions/liquid-shim/
https://diamant-polymer.de/en/product-solutions/liquid-shim/
https://diamant-polymer.de/en/product-solutions/liquid-shim/
https://diamant-polymer.de/en/product-solutions/liquid-shim/
https://diamant-polymer.de/en/product-solutions/liquid-shim/
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The metal-polymer enables the required full-

surface gap compensation in both its putty and 

liquid versions, completely independent of the 

varying load and traffic conditions.  

The material is also resistant to corrosion and 

seawater and resistant to petrol, oils, coolants and 

lubricants.  

The high compressive strength and dimensional 

stability were further arguments in favour of using 

the material in this project.  

Dynamic loads are tolerated just as well as high-

temperature fluctuations.  

FATIGUE STRENGTH OF THE METAL-POLYMER 

SCIENTIFICALLY TESTED 

The Institute for Building Materials Research, 

Conservation, Repair and Polymer Composites 

(IBAC) at RWTH Aachen University was 

commissioned to analyse the durability and the 

associated fatigue strength of the gap 

compensation material MM10182.  

For this purpose, dynamic cyclic compressive tests 

were carried out in the IBAC laboratory in order to 

analyse the fatigue behaviour of the material and 

estimate the lifetime under cyclic loading. 

The cyclic compressive tests were carried out with 

the following parameters:  

 Frequency: 10 Hertz 

 Sinusoidal load change 

 10 million load changes (target value) 

 3 average tensions (40, 50 and 60 N/mm²)  

 Different voltage amplitudes 

The dynamic loading was carried out using            

a servo-hydraulic testing machine. Figure 6 shows 

the Wöhler diagram associated with the test.  

 

Figure 5: Installation of an injection pad for Liquid-Shim® 

MM1018 on a carrier support 

 

 

Figure 6: The Wöhler diagram shows the stress amplitudes against the number of stress cycles for the samples. The MM1018 samples 

survived the 10 million stress cycles at the highest stress amplitude without visible damage 
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This diagram shows the number of cyclic load 

changes and the stress amplitude that can be 

withstood during these cycles.  

This allows the fatigue strength of MM1018 to be 

quantified. It can be seen that the high-

performance polymer can withstand a total of      

10 million load cycles at all 3 applied mean 

compressive stresses and that no cracks are 

recognisable in the tested samples.  

The highly filled metal polymer can therefore 

demonstrate the fatigue strength and durability that 

are vital for bridge bearings. 

APPLICATION OF MM1018 

For the restoration of the bridge bearings, the 

liquid variant MM1018 FL was used, with which 

even the smallest gaps and cavities can be 

perfectly filled and compensated.  

The two-component reactive resin system was 

supplied in the correct mixing ratio in a 2-bin set.  

A pump and special injection pads were used to 

simplify and speed up the injection process. 

The injection pads, which are made of a tear-

resistant foil and fitted with small hoses for filling 

the material, simplified the application of the 

Liquid-Shim®.  

The fastening screws of the bearings could be 

omitted through openings in the foil in order to 

protect the screws.  

Once the screw connections between the beams 

had been loosened and the longitudinal beams 

lifted a few millimetres using hydraulic presses, the 

worn bearings could be replaced. 

The major advantage of DIAMANT's Liquid-Shim® 

compared to conventional steel lining plates is that 

it flexibly fills every gap geometry 100 per cent and 

does not need to be mechanically processed or 

adjusted.  

MM1018 FL hardens quickly and achieves              

a compressive strength of up to 161 N/mm2. The 

composite material hardens within 24 hours and is 

not affected despite the ongoing traffic and the 

resulting vibrations.  

The injection pads used can be manufactured and 

customised precisely for the corresponding 

bearings.  

Figure 8 shows the technical drawing of the 

required injection pad and the actual used foil 

below it.  

With the help of this foil, the injection process can 

be completed even faster and the gap can be 

quickly compensated over the entire surface. 

After replacing the bearings, the injection pads 

were placed in the gap between the lower bearing 

plate and the bridge crossbeam and the new 

bearings were bolted in place.  

The gap compensation material was then pressed 

into the injection pad until all unevenness and gaps 

were filled and a force-fit and form-fit connection 

was created.  

This process took around 20 minutes per bearing. 

The total time required for 500 bearings was 

around 167 hours. 

The Liquid-Shim® from DIAMANT is a flexible 

solution for force-fit gap compensation in steel and 

bridge construction.  

The two-component reactive resin system can be 

used as a putty or liquid version and can be filled 

or injected.  

This means that even inaccuracies and 

unevenness between head plates, bridge bearings, 

crane runway and rail guides as well as steel 

components that are difficult to access can be   

100 per cent compensated or filled.  

Figure 7: The fast-curing metal polymer fulfils                 

the strength requirements for steel with a compressive 

swelling strength of up to ten million load cycles 

It is also seawater-resistant and rustproof 

 

https://diamant-polymer.de/en/product-solutions/liquid-shim/
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https://diamant-polymer.de/en/product-solutions/liquid-shim/
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Figure 8: Injection pads (grey) simplify and accelerate the force-fit and form-fit gap 

compensation with the Liquid-Shim® MM1018 FL 

 

 

Tolerance overruns, gaps or wedge gaps can be 

quickly and efficiently filled with MM1018 - even on 

bridges and structures that are permanently 

exposed to high loads, pressure load fluctuations 

and changing vibrations and forces.  

The metal-polymer has been approved by the 

German Institute for Structural Engineering and is 

the perfect solution for gap compensation on steel 

structures, even during ongoing traffic or 

operation. 

CONCLUSION 

During the bearing replacement on the 25th April 

Bridge in Lisbon, the Liquid-Shim® MM1018 FL 

was successfully used and made a decisive 

contribution to the realization of the project.  

The use of the polymer ensured that the bearings 

could be exchanged even under changing 

pressure loads.  

In addition, the Liquid-Shim® in combination with 

injection pads enabled the bearings to be replaced 

quickly and safely, while at the same time providing 

full-surface load transfer. 

This meant that the necessary 500 bridge bearings 

could be exchanged time-saving, cost-effectively 

and easily.  

This will allow car and train traffic continue to flow 

safely and without problems over one of Lisbon's 

landmarks for decades to come.  
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100% GAP AND TOLERANCE COMPENSATION

WITH MM1018  – THE LIQUID SHIM

In a single step. Without mechanical processing. More quickly and 
less expensive than conventional lining plates or wedge plates. 

Introducing our globally trusted solution MM1018 for gap and tolerance 
compensation in bridge construction! Applied in countless construction 
sites worldwide, our innovative product ensures unparalleled structural 
integrity and safety for your bridges. Save time and money with our ad-
vanced technology, allowing for precise fitting and alignment of bridge 
components in a single step, without costly delays. Join our satisfied 
customers and experience the proven effectiveness of our MM1018.

Advice & sales:
www.diamant-polymer.de/en 
info@diamant-polymer.de 
or call +49 2166-98360

To provide you with the best service 
possible, our team is ready to apply 
our products directly on site. Just like 
we successfully did for projects like 
the Chenab Bridge (India) and the 
Yavuz-Sultan-Selim Bridge (Turkey).

https://www.diamant-polymer.de/en/product-solutions/liquid-stiffener/
https://www.diamant-polymer.de/en/product-solutions/liquid-stiffener/
http://www.diamant-polymer.de/en
mailto:info%40diamant-polymer.de?subject=
https://www.linkedin.com/company/diamant-polymer-gmbh/
https://www.youtube.com/@DIAMANTPolymer/videos

