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Sommario 
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This report has been issued in the frame of the second research programme of the ENEA and MSE 
(Economie Development Ministry) agreement and it is one of the deliverables of the Task I " 
Reactor IRIS - Seismic analyses" of the work-programme 2 " Evolutionary INTD (Intemational 
Near Term Deployment) Reactors" ofthe research theme on "Nuovo Nucleare da Fissione" , 

It reports a proposals of guidelines to be used for the seismic isolation of NPPs. In that activity 
reference was done to the EN15129 European standard. 
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INTRODUCTION 

 

Nowadays, the designs of nuclear power plants (NPP) of Generation III+ and the future ones 

of Generation IV are characterized by enhanced safety requirements. In particular, they have 

to be highly secure and designed to withstand extremely severe external events such as floods, 

tornadoes, plane crashes, fires and, in particular, earthquakes. Their many protective features 

considerably reduce the impact of external or internal threats through the redundancy, 

diversity, independence and reliability of the safety systems. Seismic isolation is considered 

the most promising technology to protect the modern NPPs in such extreme conditions.  

At present, over 10,000 buildings are seismically isolated all over the world; most of 

them are provided with High Damping Rubber Bearings (HDRBs). Seismic isolation 

technique is also widely used for bridges and viaducts and for industrial plants. In spite of 

this, only two nuclear facilities are currently provided with base isolation: 4 PWRs at Cruas 

(France) isolated with 3600 neoprene pads, and 2 PWRs at Koeberg (South Africa) isolated 

with 1830 rubber bearings coupled with friction plates. It is worth noting that these isolation 

systems, designed in the 70’s and manufactured in the early 80’s, are quite ‘rough’; in fact, 

today’s seismic isolators have better characteristics and can provide better performances. In 

addition to these two old applications, the Jules Horowitz Reactor, now under construction at 

Cadarache with a seismic isolation system made of rubber bearings, must be cited. 

The extremely limited number of existing isolated NPPs is probably due to the 

relatively low seismic input assumed as design for the Generation II reactors, and also 

because most of them were water reactors, which are characterized by quite stiff structures 

and rigid components. Among the advanced designs, only IRIS (International Reactor 

Innovative and Secure) and 4S (Super Safe, Small and Simple) are provided with base 

isolation . On the contrary, among the fast reactors, most of the past designs already include 

the seismic isolation: ALMR (Advanced Liquid Metal Reactor), S-PRISM (GE), DFBR 

(Demonstration Fast Breeder Reactor), STAR-LM (Secure Transportable Autonomous 

Reactor-Liquid Metal) and EFR (European Fast Breeder Reactor). Unfortunately, no 

application of these reactors has been done and there is a dramatic lack of information and 

experimental results about the behavior of large isolators under severe dynamic conditions. In 

addition, no specific standards exist for NPPs (in reality, Japan has developed a specific 

guideline [1], but, as far as we know, no English version is available). 
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The lack of specific standards for the application of seismic isolation to NPPs is one of 

the main problems that limit the application of this new technologies in nuclear field. Thus, it 

is extremely important and urgent starting, at least, with a proposal of guidelines specifically 

addressed to NPPs.  

It is worth noting that several standards for isolated civil structures (both buildings and 

bridges) are already available all over the world (see [2, 3]). In Europe, the European 

Standard EN15129 on Anti-Seismic Devices [4] was recently definitively approved and will 

become mandatory in all European countries within 2011. This standard is very complete and 

cover all the different aspects, from the design to the manufacturing phases, from the 

qualification tests to the inspection and maintenance procedures, etc.. Thus, we think that 

EN15129 is the most promising standard to be implemented in order to include nuclear plants, 

for Europe in general and for Italy in particular. As a matter of fact, Italy is the most seismic 

European country among those interested in the application of new NPPs. 
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PURPOSE 

Aim of this document is the elaboration of a proposal to modify EN15129 in order to extend 

its validity to the seismic isolation of NPPs. Reference will be made to clause 8 of EN15129 

(Isolators), with particular regard to section 8.2 (Elastomeric Isolators). As a matter of fact, 

these isolators, in particular the High Damping Rubber Bearings (HDRBs) are the most 

promising ones to be used in present and future NPPs. 

In the following sections the relevant clauses of EN15129 will be considered; proposals will 

be done in order to extend their validity to the case of NPPs. Original parts of EN15129 will 

be reported as pictures within boxes, to avoid possible modifications and confusion with the 

text of the present document. 

It is worth noting that the changes proposed and the other comments and suggestions have 

been deeply discussed with the experts of seismic engineering in the framework of several 

technical meetings, especially within the seismic group of the IRIS Project. 
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GENERAL REQUIREMENTS FOR ISOLATORS (§ 8.1) 

 

 

 

The general requirements given in clause 8.1 (see above) are quite complete and then fully 

applicable also to NPPs.  

Of course, most of the clauses of EN15129 are applicable to the case of NPPs; thus, in the 

following, only the clauses when a change or a comment is needed will be reported and 

discussed. 
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GENERAL REQUIREMENTS FOR ELASTOMERIC ISOLATORS (§ 8.2) 

 

   

 

 

 

General requirements given in clause 8.2.1.1 (see above) are applicable to NPPs with the 

following modification:  

- product variability ± 15% 

This proposal is aimed to reduce the variability range of the characteristics of the isolators, 

with particular regard to the horizontal stiffness. This will lead to a more precise definition of 
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the real isolation frequency, which will be closer to the design value. As a matter of fact, the 

isolation frequency is the most critical parameter of the design of an isolated structure and 

particular attention must be paid to its definition. 

 

COMMENT: no significant variation of temperature is expected under a NPP, in particular 

there is no crystallization risk (see also § 8.2.1.2.4). 
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HORIZONTAL CHARACTERISTICS ON RUBBER SHEAR STRAIN (§ 8.2.1.2.2) 

 

 

 

 

 

It is strongly recommended that, in a NPP, the deformation of the elastomeric isolator at the 

design displacement do not exceed 100% shear strain (see also § 8.2.3.4.1). This will 
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provide a higher safety margin against failure in case of an unexpected earthquake (beyond 

design). The first damage usually occurs at 300% shear strain for the hardest compounds (G 

modulus higher than 1.1 MPa) and at 350-400% for the softer ones, thus the isolators can 

have a safety factor well higher than 3. It is worth noting that most of the seismic loads are 

supported by the isolators, while the isolated structures and the components inside remains in 

the elastic field; thus, a high safety factor for a so critical component is not only auspicious, 

but mandatory.  

The type tests shall include additional amplitudes, up to failure or instability, to evaluate the 

ultimate displacement capacity to support the vertical load (see § 8.2.1.2.7).  
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EFFECTS OF TEMPERATURE (§ 8.2.1.2.4) 

 
 

 

 

COMMENT: as already mentioned, no significant variation of temperature is expected under 

an isolated NPP, thus the test at low temperature (typical of bridges applications) could be 

avoided. 
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HORIZONTAL DISPLACEMENT CAPACITY (§ 8.2.1.2.7) 

 
 

 

 

The seismic isolator shall never lose the capacity to support the vertical load in any condition, 

even for beyond design earthquakes. To this aim, based on the results of the failure test 

reported in (§ 8.2.1.2.2), a maximum displacement must be defined and an horizontal fail-safe 

system (a sort of containment ring) shall be positioned at this distance from the base of the 

isolated building. In case of extremely violent earthquakes, the hammering between the base 

of the building and the containment ring is preferable to the collapse of the whole isolation 

system. The hammering should be preferable damped by the use of shock absorbers. 
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ISOLATOR DESIGN (§ 8.2.3) 

 
 

 

 

The design seismic input of a NPP is quite severe; even in case of beyond design earthquakes, 

the isolators must continue to support the dead load of the structure up to very large 

deformations. The recess attachment system is not suitable to support large deformation. 

Thus the only fixing method to be used for NPP is that using bolts. 
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DESIGN SHEAR STRAIN (§ 8.2.3.4.1) 

 
 

 

 

As already mentioned, it is strongly recommended that the deformation of the elastomeric 

isolator at the design displacement do not exceed 100% shear strain ( q,max  1) to provide 

an adequate safety margins against failure in case of unexpected earthquakes. 

This prescription has consequences in terms of costs of the isolation systems and also in terms 

of testing, installation and replacement of the isolators. In fact, to satisfy this requirement, the 

isolator turns out to be quite higher and, to keep the same horizontal stiffness, also larger in 

diameter, that means more expensive and encumbering. The latter, also means that the 

isolators shall have larger concrete pedestals; this reduces the room available for inspection 

and replacements. Also the testing will be more expensive. However, there is also a positive 

consequence: the larger cross section of the isolator allows a better distribution of the dead 

load over the rubber layers (lower stresses). Thus, the isolator have higher safety margins to 

support unexpected vertical loads that can be due to the failure of a partial number of 

isolators, soil settlements, etc.  
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ISOLATOR TYPE TEST (§ 8.2.4.1.2) 

 
 

 

 

NPPs are characterized by huge masses and severe seismic inputs. Thus, quite large isolators 

must be used. In civil buildings, the standards usually allow the scale reduction up to 50% of 

linear dimensions. However, the manufacturing process of seismic isolators, in particular 

rubber bearings, can be quite different in case of large sizes (e.g. vulcanization of the rubber 

in the most internal part of the isolator). For this reason, for nuclear application, the type test 

shall be done on full-scale prototypes. It is worth noting that the type test are carried out on 

a quite limited number of isolators and that the type tests are valid for similar isolators (see 

above). Unfortunately, only few labs all over the world, have the capability to test large 

isolator in dynamic conditions. 

  The type tests required by clause 8.2.4.1.2 are listed in the second column of the following 

table.  
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In addition to the above tests, the execution of a series of tri-axial tests with real seismic 

excitations (increasing up to failure) is strongly recommended. In fact, not only rubber 

bearings, but also other type of isolators (e.g. sliders with curved surfaces) can have a quite 

different behavior when loaded at high velocity in the two horizontal directions 

simultaneously, under the vertical dead + seismic loads.  

Of course, this kind of test is not usually performed (and also not required) for the reason 

stressed above: only two labs in the world have a suitable equipment. However, this cannot 

considered a limit for the applications to NPPs. 
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ISOLATOR FACTORY TEST (§ 8.2.4.1.4) 

 

 

 

COMMENT: clause 8.2.4.1.4 requires that at least 20% of the production isolators for each 

type, chosen randomly, shall be subjected to factory tests (third column of table 11, previous 

section).  

For isolators to be installed in NPPs, this quantity should be increased (for the compression 

test, at least) up to 50% or even more.  
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IN-SERVICE INSPECTION (§ 12) 

 

 

 

COMMENT: Seismic isolators are, first of all, bearings and they behave as bearings for most 

of their life (they behave as isolators during earthquakes, only). Thus, for in-service 

inspection criteria and rules, EN1337 standard shall apply [5]. For NPPs, suggested 

intervals for regular and principal inspections are 1 and 5 years, respectively. The following 

table, taken from clause 9 of EN1337, gives the criteria to be followed for in-service 

inspections.  
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CONCLUSIONS 

No standard concerning the application of the seismic isolation to nuclear power plants is 

currently available in Europe and in USA. EN15129 is the most complete standard for the 

application of seismic isolation to civil structures. Making reference to this document, which 

will become mandatory in all European countries within 2001, a proposal has been done to 

extend it validity to the case of nuclear power plants.  

The most important difference between a civil structure and a nuclear plant is that the 

latter must maintain its integrity even after an extremely violent earthquake, beyond the 

design conditions, to avoid the release of radioactivity. This means that, in case of using 

seismic isolation technique, the isolators shall be designed with higher safety margins, 

manufactured and tested with lower tolerances and tested in more severe conditions. Thus, 

some proposals have been done to modify EN15129. Two of these are particularly important 

and have relevant consequences on the design, manufacturing and testing of the devices: 

 

1) Limit to 100% of the shear strain the deformation of the isolator at the maximum 

design displacement; 

2) Perform the type tests on full-scale devices, with additional tests in tri-directional 

dynamic conditions. 

 

Both the above proposed requirements lead to a larger and more expensive isolators, more 

difficult to be manufactured and tested, but they are necessary to provide seismic isolators 

capable of satisfying the severe requirements of GENN III+ and GEN IV nuclear power 

plants.  
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