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ABSTRACT: The Abruzzi area in Italy is one of the strongest seismic areas in Europe. 

In August 2016 an earthquake with magnitude 6.2 occurred close to the village Amatrice. 

The centre of the village was nearly totally destroyed and more than 240 people died. 

Another location of a strong earthquake was the city of L'Aquila, located only 50 km 

away from Amatrice. In L'Aquila a strong earthquake happened with a magnitude of 6.3 

in April 2009. Due to the latest seismic activities since 2009, the municipalities and the 

government agreed in different procedures to protect people against injuries due to 

seismic damages. One of the procedures is the installation of base isolation systems at 

public and apartment buildings as retrofit but also for new structures. Among others, 

company MAURER delivered for an apartment building in L'Aquila in 2013 in total 65 

nos. of Sliding Isolation Pendulum bearings with special sliding material UHMWPE. The 

max. ULS design load was 2600 kN, the seismic design load 1950 kN. Dynamic friction 

was between 3% and 3.75% and the devices were designed for a displacement capacity of 

+/-150 mm. The already installed isolators become activated during one of the latest 

earthquakes in this area. The focus of this paper is on the design and testing of the devices 

according to EN 15129, the retrofit installation procedure and the effect of the already 

installed isolators to the structure.   

1 INTRODUCTION 

1.1 Location 

The city of L’Aquila is located in the Abruzzi area 140 km eastwards from Rome. This region is one 

of the strongest seismic areas of Italy with peak ground accelerations between 0.250 and 0.275 g (see 

figure 1). Heavy earthquakes occurring every few years and a lot of people got injured and many 

people died. Plenty residential buildings and historical structures were damaged. Therefore the 

government decided that public buildings but also residential apartment buildings must be retrofitted 

to survive several earthquakes without any damages of the structure.  

1.2 Seismic protection system 

Different solutions are possible regarding seismic retrofitting. Regarding the function, in general two 

systems can be distinguished. Either strengthening or moving, means to allow the structure to move 

smoothly during an earthquake. With both system structures can survive several earthquakes. In case 

of the residential building in L’Aquila it was decided to go with the moving system and to cut the 

foundation and install an isolation system. Maurer was requested for an economical solution for such a 

system. Due to the requested long life time and the requirement of same performance of the isolators 

over the whole life time of the structure, Maurer eliminated a solution with rubber or lead rubber 

bearings and proposed sliding isolation pendulums with one single curved surface.   



2 

                                      

Figure 1. Location of L’Aquila and appurtenant seismic zone 

2 SLIDING ISOLATION PENDULUM BEARINGS 

In total 65 nos. of single curved surface sliders were delivered. The design of the isolators was strictly 

done according to EN 15129 and ETA-06/0131. To cover the different vertical ULS loads between 

300 kN and 2600 kN, 5 different types became necessary. The maximum vertical seismic design load 

to be considered was 1950 kN. Seismic displacement capacity for types 1 to 4 was +/- 150 mm and for 

type 5 +/- 210 mm. Design radius for all types was 4.00 m and the coefficient of friction was 

determined with 3% and 3.75%. Isolators were designed for a rotation capacity of +/- 0,01 rad.  Upper 

and lower bearing plates were made of steel with a spherical calotte in between made of MSA®. 

Sliding material MSM® guarantees the defined performance for a long lifetime.  

 

               

Figure 2. Technical drawing of produced Sliding Isolation Pendulum 
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2.1 Sliding Material 

MSM® is an UHMWPE (Ultra high molecular weight polyethylene) modified with various additives, 

featuring enhanced sliding characteristics. It is a special elasto-plastic, patented, high performance 

sliding material suitable for low and high temperatures from -50°C up to + 70°C with very good wear 

resistance. In comparison to usual PTFE or other similar materials, MSM® is characterised by 

substantially higher durability, twice as high allowable pressure and therefore smaller dimensions as 

well as much greater wear resistance level. MSM® can accept extremely high sliding velocities of 

more than 1m/s without showing wearing effects at all. Wear and seismic testing showed that even 

after 10-50 km accumulated sliding path and several MCE events, absolutely no degradation of the 

sliding liner or the stainless steel sheet happens. At maximum displacement positions the sliding liner 

edges will be loaded with up to 200 MPa, without any negative effect.  

Therefore the structural designer and owner can be sure that even after several MCE events none of 

these SIP bearings need maintenance or must be exchanged during the life time. 

 

2.2 Spherical calotte 

Besides the sliding material the rotation element is the main important part of the Sliding Isolation 

Pendulum bearing to guarantee a good function over the whole lifetime. The spherical calotte transmit 

the vertical loads from super- to substructure, covers the sliding material on top and enables easily to 

rotate around any axis without appreciable response forces. All spherical calottes were made of MSA® 

(Maurer Sliding Alloy) a non-corrosion material with special surface treatment.  

3 TESTING 

The sliding isolation pendulum bearings were strictly designed in accordance to EN 15129, the 

European Standard for Anti Seismic Devices. According to this standard, prototype tests have to be 

done to prove the theoretical performance. 6 prototype tests (two of 3 types) became necessary to 

cover the requirements for testing frequency according to EN 15129. The tests were executed at 

University of German Armed Forces Neubiberg, an approved test laboratory and have been observed 

by MPA Stuttgart, an independent and approved third party control institute. All tests have been 

executed according to the below shown test matrix (Table 1- SIP 800 kN) successfully. 

Table 1. Test Matrix for SIP 800 kN 
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All results were recorded and a comprehensive test report was written by University of German 

Armed Forces. The real test plot in Figure 3 is an example of the typical behaviour of the pendulums. 

 

 

          

     Figure 3. Test plot of SIP 800 kN          Figure 4. Test machine  

After testing the isolators were opened to determine any degradation or damages to the liner or device 

itself. No damages were found. There were no signs of wearing, extrusion or scratches in the liner and 

on the stainless steel. 

The simulation of more than three MCE events on the same SIP device showed no signs of wearing 

and the performance characteristics did also not change at all.  

The test results have proven the reliability of the isolators´ damping capability during several 

simulated MCE events. The isolators produced constant hysteretic loops (Fig. 3). 

4 INSTALLATION 

All devices were supplied as one unit and installed in the structure. The weight of the isolators was 

between 46 kg and 90 kg. Handling and local transport into the structure was only possible per hand 

and with small lifting tools. New columns were built out of concrete in the basement area. The 

isolators were installed on top of the new columns and connected with the existing superstructure by a 

special flat anchorage system. Afterwards installed isolators were protected with a membrane against 

dust and sand. In the next step the existing walls had been cut from the existing superstructure and old 

walls had been demolished. At least, membrane cover was removed and transport fixation of isolators 

was opened to allow the isolators to move.  
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Figure 5. New columns          Figure 6. Installed isolator with membrane cover 

5 SEISMIC ACTIVATION 

During the earthquake in Amatrice in August 2016, installed isolators in L’Aquilla got activated and 

protected the structure against damages successfully. During an inspection of the structure regarding 

any damages due to the Amatrice earthquake, also the isolators were visually checked. The isolators 

have been installed with sliding surface on the bottom side. Neoprene apron was lifted and a dust-free 

area on the polished stainless steel was clearly visible up to 50 mm around the spherical calotte. Due 

to the curved surface, the superstructure moved back into centre position after the earthquake. Several 

isolators have been checked and all showed the same picture. This was the proof, that the design of the 

base isolation system and the execution and production of the Sliding Isolation Pendulums itself was 

done in a good way and the isolators did worked excellent. Although the seismic impact was not the 

max. considered design earthquake the system worked as expected.  

 

 

Figure 7. Picture of activated isolator 

6 CONCLUSIONS 

For the residential apartment building in L’Aquila a base isolation system consisting of Sliding 

Isolation Pendulums (SIP) was chosen, as it deemed to be best in terms of technical performance and 

economical demands. 

The third party testing under severe testing conditions at University of German Armed Forces 

Neubiberg confirmed the performance stability and reliability according to specification.  
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Based on the test results and the results of visual inspection at already installed isolators after the 

earthquake, it could be ensured that maintenance will not be needed. Concluding from this, the service 

life time will be identical to the building or even longer. 

As mentioned under clause 5, the Sliding Isolation Pendulum bearings protected the structure against 

any damages. All inspected isolators moved back into centre position. The re-centring function 

guarantees a protection particularly against damages due to aftershocks.  
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