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ABSTRACT:  

This paper presents the French regulations for seismic protection of critical 
industrial facilities. After an overview of the seismic regulations newly enforced to 
implement the Eurocodes in France, emphasis is put on the scope of the recently 
published bylaws governing the seismic protection of such installations: scope, 
definition of the seismic hazard, schedule of implementation. To conclude the 
guidelines under preparation, defining the technical rules for each type of 
equipment, are introduced.  
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1 Introduction  

Seismic protection in France is enforced by law; therefore, the various documents 
related to its aspect must be endorsed by the Administration and published via 
decrees and bylaws. Anticipating the publication, started in 2005, of the various 
parts of Eurocode 8 dealing with seismic design of constructions, a new seismic 
zonation map of France had to be established based on the probabilistic framework 
retained by Eurocode 8 for seismic hazard. Based on this zonation map, several 
bylaws have been published for buildings, bridges, critical industrial facilities and 
several others are still under preparation.  

The purpose of this paper is to provide an overview of the existing regulations 
applicable in France and to describe in more details those related to industrial 
facilities, which are at the heart of this conference. In addition, some information is 
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provided on the various technical guidelines, under preparation, that will 
accompany the regulatory documents.  

2 Background on Eurocode 8 and its implementation in France 

For the purpose of EN 1998, national territories shall be subdivided by the National 
Authorities into seismic zones, depending on the local hazard. By definition, the 
hazard within each zone is assumed to be constant. For most of the applications of 
EN 1998, the hazard is described in terms of a single parameter, i.e. the value of 
the reference peak ground acceleration on rock (type A ground), agR.  

The reference peak ground acceleration, chosen by the National Authorities for 
each seismic zone, corresponds to the reference return period TNCR of the seismic 
action for the no-collapse requirement (or equivalently the reference probability of 
exceedance in 50 years, PNCR) chosen by the National Authorities. An importance 
factor γI equal to 1.0 is assigned to this reference return period. For return periods 
other than the reference, the design ground acceleration on type A ground ag is 
equal to agR times the importance factor γI (ag =γI.agR). The reference peak ground 
acceleration on type A ground, agR is defined by the National Authorities with a 
recommended value of 475 years (10% probability of exceedance in 50 years) for 
TNCR.  

Given that until 2010 the zonation map in France was not based on a probabilistic 
approach, and according to the previous statements, a probabilistic seismic hazard 
analysis has been entrusted to GEOTER, a private consulting engineering 
company, under the control of the French Association for Earthquake Engineering 
(AFPS) and of the Institute for Radioprotection and Nuclear Safety (IRSN). The 
results have been eventually translated into regulatory documents and published in 
the form of two decrees in October 2010 (2010-1254 and 2010-1255). The national 
territory is divided into 5 seismic zones (zone 5 corresponds to the Caribbean 
islands); each town is allocated to one of these zones.  

   
Figure 1 : Seismic zonation map of metropolitan France 
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3 Overview of existing regulations 

Based on the seismic hazard map depicted in figure 1, several regulatory 
documents were published by the National Authorities in the form of bylaws 
during the period 2010-2011. These documents define the reference ground 
acceleration agR associated to each zone and the importance category of each type 
of construction. The peak ground accelerations listed in figure 1 are deemed to 
represent a seismic action with a probability of exceedance of 10% in 50 years 
(earthquake return period of 475 years). However, this value is not explicitly 
mentioned in the official documents because several discussions took place in the 
scientific community and some institutions, like AFPS, considered that the values 
are overconservative and represent a seismic hazard corresponding to longer return 
periods, as evidenced by discrepancies with neighbouring countries. Nevertheless, 
the discussion may seem irrelevant since the choice of the level of seismic 
protection belongs to the National Authorities, whatever the return period is. 
However, as it will be discussed later in the paper, this underlying assumption of 
475 years has consequences on the hazard level for industrial facilities. 

Today, three official documents (bylaws) have been published during the period 
2010-2011: 

• The first one (October 2010) concerns ordinary buildings for which the 
reference ground accelerations indicated in figure 1 have been retained. 
Two different spectral shapes, which depend on the soil classification, are 
assigned to seismic zones 1 to 4 and to seismic zone 5. For the latter the 
spectral shape recommended in EN 1998-1 for type I earthquake is chosen. 
For zones 1 to 4 a modified version of the recommended shape for type II 
earthquake is provided. Importance coefficients range from 0.8 to 1.4 
depending on the importance category of the building (I to IV). 

• The second one (October 2011) concerns bridges. The reference ground 
accelerations in each zone and the spectral shapes are identical to those of 
the ordinary buildings. Importance coefficients range from 1.0 to 1.2 
depending on the importance category of the bridge (II to IV). 

• The third one (January 2011) concerns critical industrial facilities. This 
document will be presented in more details in the following paragraph.  

In addition to the previous documents two additional ones are under preparation. 
They are related to ordinary pipelines, silos, reservoirs and slender structures for 
the first one and to dams for the second one. It is worth noting that in all documents 
Eurocode 8 is referenced as the relevant technical document, even if it is 
supplemented by additional nationally established guidelines, like for industrial 
facilities or dams.  

The spectral shapes defined in the bylaws are presented in figure 2 for ordinary 
buildings, bridges and ordinary pipelines, silos, reservoirs and slender structures.     
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Figure 2 : Spectral shapes for ordinary buildings and bridges                             

seismic zones 1 to 4 (left) – seismic zone 5 (right) 

4 Regulations for Industrial facilities 

Until January 2011, industrial facilities were covered by a bylaw dated May 10th 
1993. This document has been removed and the new regulations are now provided 
in the January 24th, 2011 bylaw, which is in fact an amendment to the bylaw of 
October 4th 2010 that represents the regulations for critical facilities covering, until 
that date, all aspects but seismic design.  

The new regulation defines the scope, the seismic action with reference to the 
seismic zonation map of figure 1, and the schedule for implementation. Unlike the 
other regulatory documents for ordinary buildings and bridges, the document also 
requires that existing structures be assessed.  

4.1 Scope of the document 

The equipment inside a given facility which are covered by the text are those for 
which "seismic failure is susceptible to induce dangerous phenomena for human 
lives outside the perimeter of the facility, except if there is no human occupation". 
In other words areas concerned by the previous sentence are the areas located 
outside the facility; if those areas are not populated in the sense defined below, the 
equipment under consideration does not have to comply with the document. Zones 
of non-permanent human occupation are defined as areas without any public 
building, inhabitants, permanent workshops, roads with a traffic flow exceeding 
5 000 vehicles per day, and in which new constructions are prohibited. The 
regulations are applicable both to new facilities and existing ones. New facilities 
are defined as those for which the administrative authorization has been granted 
after the 1st of January 2013; all others facilities are considered as existing ones. 
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4.2 Seismic action 

The zonation map of figure 1 is applicable. However, given the consequences of 
failure of the concerned equipment, the earthquake return period for which the 
equipment is designed is increased in order to obtain a probability of exceedance of 
1% in 50 years for new facilities. Although, the exact value of the target return 
period is not explicitly mentioned in the regulatory document, it is intended to be 
5 000 years. To define the accelerations associated with each seismic zone of the 
map, it has been assumed that the reference accelerations for ordinary buildings 
and bridges are for a return period of 475 years. Then, according to Eurocode 8, the 
value of the importance factor γI multiplying the reference seismic action to 
achieve the same probability of exceedance in TL years as in the TLR years for 
which the reference seismic action is defined, may be computed as  

γI ~ (TLR/TL
)–1/k  (.1.) 

The exponent k depends on the seismicity of the area; Eurocode 8 recommends a 
value of 3. This value is confirmed as a representative value for the French 
metropolitan territory in the study by Marin et al [1]. Accordingly for a return 
period TL = 5 000 years, the importance factor should be equal to 2.2. This is the 
values that has been chosen to define the reference acceleration for new facilities. 
For existing value an importance factor of 1.85 has been retained corresponding to 
a return period of approximately 3 000 years. The applicable values for each 
seismic zone and type of facility are provided in table 1. 

 

Table 1: Reference horizontal acceleration (m/s2) for critical facilities 

Seismic zone New facility Existing facility 

1 0.88 0.74 

2 1.54 1.30 

3 2.42 2.04 

4 3.52 2.96 

5 6.60 5.55 
 

With regards to the spectral shapes associated with each seismic zone, in view of 
the acceleration levels specified in table 1, which should be linked to higher 
magnitudes than those linked to the reference seismic action with the return period 
of 475 years, the so-called type II spectrum, adapted for France, has been retained 
for zones 1 to 3 (left diagram in figure 2) and the so-called type I spectrum for 
zones 4 and 5 (right diagram in figure 2).  
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4.3 Schedule for implementation 

The new facilities shall comply with the requirements of the regulatory document 
at the time of application for the authorization to operate and the required seismic 
protective measures shall be implemented before starting operating the facility.  

For existing facilities, the owner shall produce no later than December 31th, 2015 
studies assessing the seismic reliability of the facility and defining the necessary 
retrofitting to comply with the regulatory document. The schedule for 
implementation of the needed retrofits will be defined by the Administration before 
July 31th, 2016 and will not extend beyond January 1st, 2021. 

4.4 Future evolutions 

It is indicated in the regulatory document that if the seismic zonation happens to be 
modified, increasing the seismic levels, the owner of the facility shall undertake a 
new study within 5 years following the modification. 

Furthermore, the regulations will be revisited after comments emanating from a 
relevant committee (CSPRT: Conseil supérieur de la prévention des risques 
technologiques) upon presentation before July 1st, 2016 of a report, presenting the 
conclusions of the seismic studies, by the Minister in charge of the facilities. 

5 Technical guidelines for seismic design, assessment and retrofit of critical 
facilities 

As evidenced by the presentation made in paragraph 4, the regulatory document for 
critical facilities only covers, from a technical point of view, the definition of the 
seismic hazard which the facility must be designed for. Reference to Eurocode is 
not made explicitly in the document except again for the definition of the spectral 
shapes. Therefore, in order to help the owners of facilities, who are not necessarily 
seismic experts, and to provide the owners and the Administration with common 
reference technical documents for design of new facilities and assessment and 
retrofit of existing ones, task groups have been set up to write guidelines. When the 
task is completed, the guidelines will have the status of jointly agreed standards. 
These tasks groups are composed of experts from AFPS and representative of the 
concerned Industries. The program is jointly sponsored by the Ministry of Ecology-
Sustainable Development and Energy (MEDDE) and the Industries and is placed 
under the responsibility of GICPER, a professional organization gathering the 
Industries. The technical aspects of the program are entrusted to AFPS and SNCT 
(trade union for boilers and industrial piping) and have to be endorsed by these 
organizations. A representative of the Ministry participates in each of the task 
group to ensure that the guidelines will be acceptable to the Ministry. A general 
flowchart of the operational organization is presented in figure 3.  
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Figure 4: Organization of the task group for guidelines 

The guidelines will be composed of several documents: 

• A document on the general methodology describing the procedure to be 
followed and covering transverse topics to all other guides, like load 
combinations, analyses methods, criteria for verification, etc… 

• Several specialized technical guides dealing with specific equipment and 
allowing the owner to undertake a seismic study aiming at conferring his 
facility an acceptable seismic behaviour and demonstrating compliance 
with the regulatory document. 

The general document describes the methodology to be followed by the owner, 
notably for the definition of the regulatory framework, identification of the 
concerned equipment, the methodology to classify the equipment, the requirements 
and the justification tools for new and existing facilities. The tools can be based on 
post earthquake observations, calculations, and/or experiments.  

Each of the  following topic will be covered by a specific guide: 

• 1. Atmospheric storage tanks (july 2013) 

• 2. Safe shutdown of an installation based on seismic instrumentation (may 
2013) 

• 3. Supporting structures (December 2013) 

• 4. Pipelines and valves (December 2013) 
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• 5. Process 

• 6. Case studies 

The last guide listed above is intended to provide concrete examples of application 
of the guidelines on a test facility. Another paper in this conference is presenting 
the content of guideline number 2. 

The schedule of publication of the various guidelines is indicated in parenthesis; 
the general methodology will be ready by the end of June and published next fall. 
The last two guides will start during summer 2013. 

6 Conclusion 

This paper has presented a general overview of the implementation of the new 
seismic regulations in France to accompany the publication of the seismic 
Eurocode EN 1998. Emphasis has been put on critical facilities describing in 
details the content of the regulatory (bylaw) document and outlining the additional 
work under progress for the development of technical guidelines which will have 
the status of jointly agreed standards between the Administration and the owners 
and are deemed to comply with the regulatory documents.  
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