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ABSTRACT 

 
The third edition of the French RCC-MR Code for Fast Reactors (FRs) which includes design rules for elevated 

temperatures (> 425°C) has been issued by AFCEN (French Society for Design and Construction Rules for Nuclear 
Island Components). 

The aim of this presentation is to update the status of RCC-MR code emphasising the progress made since the May 
1993 edition in the fields of design rules and material design data : 
∗ Revision of the complete set of material data for French austenitic stainless steel 316L(N), 
∗ Confirmation and revision of, respectively,  fatigue and creep weld factors for 316L(N) austenitic  stainless steel, 
∗ Extension to plain carbon steels of RCC-MR fatigue assessment with associated design data, 
∗ Completion of the set of material design data for high chromium alloy steel 9Cr 1MoVNb, 
∗ Modification of some Reference Material Specifications to take into account approved European standards, 
∗ Modification of sections related to welding procedure qualification and qualification of welders and operators 

taking into account European standards, 
∗ Introduction of less conservative ratchetting rules and extension to the case of overstress of short duration and of 

significant secondary membrane stresses, 
∗ Harmonisation of design rules between class 1 and 2 piping 
∗ For buckling analyses, definition of imperfection and extensions added concerning buckling with significant creep 

and buckling under cyclic loading, 
∗ Improvements of appendices A10 and A11 (recommendations for inelastic analyses) taking into account recent 

models, 
∗ Introduction of appendix A16 as a guide for Leak Before Break analysis and associated defect assessment. 
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INTRODUCTION 

 
The 2002 edition of RCC-MR Code (Design and Construction Rules for Mechanical Components of FBR Nuclear 

Island) is now available. This new edition available in French and English covers improvements resulting from more 
than ten years R&D activities in the domain of Fast reactors. The rules and requirements provided by this Code are 
however not limited to FRs and RCC-MR is therefore the most consistent set of rules applicable in the high temperature 
domain. 

The modifications of this new edition are of different nature: 
∗ Improvement of sets of material properties for base metal and associated welded joints taking into account the 

latest test results from R&D European activities, 
∗ Larger use of references to European standards, 
∗ Modification of design rules taking into account the feedback from design studies and recent improvements 

resulting from R&D work, 
∗ Extension of the scope of the RCC-MR by the introduction of a guide for Leak Before Break analysis (Appendix 

A16). 
The aim of this presentation is to update the status of RCC-MR code emphasising the progress made since the May 

1993 edition [1]. 
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STRUCTURE OF THE RCC-MR CODE 
 
Table 1 illustrates the general presentation of the RCC-MR code. The RCC-MR is split into five sections defined as 

follows: 
∗ Section I provides sets of design rules for various types of components, 
∗ Section II contains procurement specifications for parts and products which can be used for components designed 

and manufactured according to  RCC-MR, 
∗ Section III is devoted to rules for applying the various destructive and non destructive examination methods, 
∗ Section IV gives the rules relating to the various qualifications for welding operations and welding procedures, 
∗ Section V provides rules relating to manufacturing operations other than welding. 

 
Table 1. Table of contents of the RCC-MR code 

 
 Title Reference 

symbol 
SECTION I  NUCLEAR ISLAND EQUIPMENT 

Subsection "A": General
Subsection "B": Class 1 components
Subsection "C": Class 2 components
Subsection "D": Class 3 components
Subsection "H": Supports
Subsection "K": Examination and handling mechanisms 
Subsection "Z": Technical appendices 

 
RA 
RB 
RC 
RD 
RH 
RK 
RZ 

SECTION II  MATERIALS RM 
SECTION III EXAMINATION METHODS RMC 
SECTION IV WELDING RS 
SECTION V  FABRICATION RF 

 
Subsection Z contains a certain number of appendices referenced in the other subsections of SECTION I. Table 2 

provides the table of contents of this subsection. 
 

Table 2. Table of contents of subsection Z – Appendices 
 

Appendix Title 
A3 Characteristics of materials  
A6 Design of bolted assemblies 
A7 Analyses taking account of buckling 
A9 Characteristics of welded joints 

A10 Elastoplastic analysis of a structure subjected to cyclic loading 
A11 Elasto-visco-plastic analysis of a structure subjected to cyclic loading 
A12 Design rules for shells of revolution subject to external pressure and cylinders 

under axial compression 
A14 Design rules for linear type supports 
A15 Design rules for dished heads subject to internal pressure 
A16 Guide for Leak Before Break analysis and defect assessment 
A17 Design of flat tubeplates 

 
IMPROVEMENT OF SETS OF MATERIAL PROPERTIES  
 
General 

The RCC-MR code provides in Appendix A3 consistent sets of material properties which are needed for the 
application of the design rules of Section I. Appendix A3 covers in particular the following groups of materials: 
∗ Austenitic stainless steels: 316 or 316L(N), 304, 316L, 304L, 
∗ Nickel Iron alloy (alloy 800), 
∗ Carbon manganese steels, 
∗ Chromium molybdenum steels: 2.25 Cr 1 Mo and 9 Cr 1 Mo V Nb grades, 
∗ Precipitation hardened austenitic steel for bolting (25 Ni 15 Cr Mo V Ti Al). 

The material properties of Appendix A3 are applicable to the base material. The allowable stresses of the welded 
joints depend on the quality of the weld (type of joint, extent of control) and on the material properties of the base and 



3 

weld metal. Appendix A9 provides weld factors which can be used to determine the material properties of the welded 
joints on the basis of the properties of the base material. 

 
Revision of the Complete Set of Material Data for 316L(N) Austenitic Stainless Steel  

The set of material data for 316 L(N) material (A3.1S) has been revised taking into account the most recent results 
of the European R&D work on this material. This led to the modification of the following material properties: 
∗ Conventional yield strength at 0.2% offset: Rp0.2 
∗ Ultimate tensile strength: Rm 
∗ Values of allowable stresses: Sm and S 
∗ Values of time dependent allowable stress: St 
∗ Creep rupture stress: Sr 
∗ Creep-strain laws. 

 
Revision of Weld Factors for 316L(N) Austenitic Stainless Steel  

Appendix A9.1J provides weld factors applicable to 19 Cr 12 Ni 2 Mo and 16 Cr 8 Ni 2 Mo filler metals. Following 
the revision of time dependent allowable stress St and creep rupture stress Sr for 316L(N) steel, the creep weld factors Jt 
and Jr which are aimed at correcting respectively St and Sr stresses have been also revised. These factors which are 
temperature and time dependent, are shown (for a given temperature) to decrease with time, which means that the 
strength of the weld is all the more low compared to the base metal that the hold time is high. 

As far as fatigue weld factor is concerned, test results have confirmed that the fatigue curves for the welded joints 
should be obtained from those for the parent metal by dividing the strain range by the coefficient Jf  = 1.25. 
 
Revision of the Set of Material Data for Plain Carbon Steels  

The 1993 edition of the RCC-MR code provided two sets of material data for carbon steels corresponding to A42 
and A48 materials (A3.11S and A3.12S respectively). 

These sets of material data have been revised following European R&D work and this led to the modification of the 
following material properties: 
∗ Conventional yield strength at 0.2% offset: Rp0.2 
∗ Ultimate tensile strength: Rm 
∗ Values of allowable stresses: Sm and S. The new values take into account not only the changes of yield strength and 

tensile strength but also the new definition of Sm and S for ferritic steels which considers at temperature θ a margin 
on Rm(θ) of respectively 2.7 and 3.6 instead of 3 and 4 in the previous edition. 
In addition, these sets of material data have been completed by the addition of all the data needed for design against 

fatigue: 
∗ Cyclic stress-strain curves and associated parameters Kε and Kν 
∗ Design fatigue curves. 

Furthermore, a new set of material data has been added in the new edition of the RCC-MR code for A37 type 
materials. This set of material data contains the following properties: 
∗ Coefficient of thermal expansion 
∗ Young's modulus 
∗ Poisson's ratio 
∗ Minimum and average yield strength at 0.2% offset 
∗ Minimum and average tensile strength 
∗ Values of allowables stresses Sm and S. 

 
Completion of the Set of Material Design Data for High Chromium Alloy Steel 9Cr 1MoVNb 

The material 9Cr 1MoVNb known as modified 9 Cr 1 Mo has been extensively studied in the past year for 
application to Steam Generator Units for Fast Reactor (in particular in the frame of the European Fast Reactor project) 
and  is presently one candidate for vessel material of HTRs (High Temperature Reactors). The new edition of the 
RCC-MR provides updated values for the following properties based on the most recent test results: 
∗ Average yield strength at 0.2% offset 
∗ Average tensile strength 
∗ Values of time dependent allowable stress: St 
∗ Creep rupture stress: Sr 
∗ Cyclic stress-strain curves and associated parameters Kε and Kν 
∗ Design fatigue curves 
∗ Creep-strain laws. 
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In addition, test results have indicated that this material presented at high temperature an elastic-relaxation 
behaviour and this could be used to define a value of the symmetrisation factor Ks (used to calculate the stress at the 
beginning of the hold time, σk=Ks ∆σ* when there is no primary stress, where ∆σ* is the elastoplastic stress range) 
significantly lower than that used in the RCC-MR for austenitic stainless steels (see figure 1). 

Fig. 1 Symmetrisation factor for modified 9 Cr 1 Mo steel 
 

MODIFICATIONS RESULTING FROM THE LARGER USE OF REFERENCES TO EUROPEAN 
STANDARDS 

 
Modification of Reference Material Specifications  

In the 1993 edition of the RCC-MR, references were made to AFNOR standards in some Reference Material 
Specifications (RMS) in particular for ferritic steels. The corresponding RMS have been modified to take into account 
European Standards NF EN 10028-2 for pressure vessel steels and NF EN 10025 for supports.  
 
Modification of Sections Related to Welding Procedure Qualification and Qualification of Welders and 
Operators  

RS 3000 sets out the requirements relating to the qualification testing of welding procedures. This chapter contains 
the conditions for the execution of welding procedure approval tests and the limits of validity of an approved welding 
procedure. This chapter has been completely revised in the new edition of the RCC-MR code to refer to European 
standards NF EN 288-1, NF EN 288-2 and NF EN 288-3. 

RS 4000 covers the rules to be applied for qualifying welders and operators. It has been modified in this new 
edition to refer to European standards NF EN 287-1 for steels and NF EN ISO 9606-4 for Ni-based alloys. 

The new RCC-MR chapters are in agreement with corresponding RCC-M [2] chapters and the main differences 
between both codes are linked to the peculiarities of the RCC-MR in particular for what concerns tests at elevated 
temperature and requirements related to type of welded joints specific to Fast Reactors. 

 
IMPROVEMENT OF DESIGN RULES 
 
Improvement of Ratchetting Rules  

Ratchetting (progressive deformation) rules (RB 3260) have been significantly modified to include the most recent 
results from R&D work. The rules are still based on the efficiency diagram method but modifications are introduced to 
cover : 
∗ the special case of an overstress of short duration (as in the case of a seismic overstress or of an overstress due to 

rapid drain-out, to a sodium-water reaction, or to a steam hammer). In this case, correction factors based on [3] are 
introduced making the ratchetting assessment less conservative than if the overload was considered as permanent. 

∗ the special case of structures presenting secondary membrane stresses (e.g. cylinders subjected to axial thermal 
gradients that vary with time and in space). In this case, primary stresses are calculated not only on the basis of  
dead weight, pressure or moment loads but also taking into account that a fraction of the secondary membrane 
stresses acts as a primary stress [4]. 
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The new edition of the RCC-MR introduces also less conservative criteria in the efficiency diagram method. In the 
negligible creep regime, the effective primary membrane stress intensity should not exceed 1.3 times the value of 
allowable stress Sm whereas the effective primary membrane + bending stress intensity should not exceed 1.95 times the 
value of Sm in the case of plates or shells (the limits were originally 1.2 and 1.8 respectively). These criteria are 
equivalent to limiting the strain to respectively 1% and 1.7%. In the significant creep regime, the efficiency diagram 
method is not any more based on the calculation of a creep usage fraction. The new criteria require that the strain 
associated to 1.25 times the effective primary membrane and membrane + bending stress intensity is limited to 1% and 
2 % respectively. These limits should be divided by 2 in welded joints. 

 
Harmonisation of Design Rules Between Class 1 and 2 Piping 

A new sub-section had been added in the 1993 edition of the RCC-MR code concerning design rules for class 1 
piping (RB 3600). These rules were based on class 2 piping rules and the most significant differences between class 1 
and 2 rules [1] concerned the introduction of elastic follow-up factors and the addition of new criteria related to plastic 
instability and buckling (RB 3651.113 - Limitation of stresses due to pressure, to load-controlled moments and 
displacement-controlled moments) in replacement of buckling rules of  RC 3670 paragraph. 

In the 2002 edition of the RCC-MR, it has been decided to harmonise the two set of rules on the basis of former RB 
3600 rules. On the other hand, rules have been modified in order to simplify the determination of elastic follow-up 
factors. 

 
Improvement of Buckling Analyses Rules 

An important parameter of buckling analyses is the value of imperfection. In the new edition of the RCC-MR code, 
the definition of imperfection for buckling analysis can be based either on tolerances indicated on drawings (as before) 
or tolerances defined in chapter RF 4200 (maximum values of shape tolerances for typical components). 

The new edition of RCC-MR gives a design method for creep buckling analysis of 316 austenitic stainless steel 
components (A7.5000). This method, which is detailed in reference [5], allows critical creep loading or time to be 
assessed for a shell under mechanical loading. It was first studied and validated on electro-deposited nickel cylinders 
under external pressure. It is based on a ring model including an initial geometrical imperfection. The material is 
assumed to be elastic perfectly plastic. 

For 316 steel, a set of diagrams has been established giving a reduction factor to Euler instantaneous buckling load 
which is a function of temperature, hold time, thinness of the structure and geometrical imperfection amplitude. 
Therefore, knowing this set of parameters, an operating point can be located in the selected diagram, which must be 
under the curve corresponding to the hold time value (see figure 2).  

Fig. 2 Creep buckling diagram 
 
Another modification of Appendix A7 is linked to the coherence between A7.4000 (buckling under cyclic loading) 

and the new ratcheting rule of RB 3261.11. The two methods of A7.4200 and A7.4300, where the efficiency diagram is 
used with modified stresses, are still valid, but they consider in the new edition the primary character of membrane 
thermal stresses and the influence of primary overloads. 

The last improvement of the RCC-MR in relation to buckling concerns Appendix A12 which provides rules to 
determine minimum thicknesses for shells submitted to external pressure or cylinders under axial compression. The 
main change is linked to the modification of diagrams necessary for the method (B factor), these diagrams being in the 
new edition identical to the corresponding ones in RCC-M code [2]. In addition, the method for evaluating B factor 
from any particular tensile curve has been provided. 
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Improvements of Appendices A10 and A11 (Recommendations for Inelastic Analyses)  

Appendices A10 and A11 related to elastoplastic and elasto-viscoplastic analysis of a structure 
subjected to cyclic loading have been rewritten to provide recommendations for Inelastic Analyses. 

These appendices provide information on general principles for modelization (Von Mises' plasticity criterion, 
plastic or creep flow rule, strain hardening law) and give a description of the most commonly used constitutive laws, 
from the most simple one (perfectly plastic material, isotropic strain hardening material, kinematic strain hardening 
material) to the most sophisticated one with combined strain hardening (Chaboche model, Burlet-Cailletaud model, 
Guionnet model, Chaboche-Ohno-Wang model). 

They also provide recommendations to engineers on the use of models according to the failure mode analysed. 
In addition, Appendix A10 provide rules against progressive deformation using simplified elastoplastic methods. 

Two methods are proposed based on [3] and [4]. 
 

GUIDE FOR LEAK BEFORE BREAK ANALYSIS (APPENDIX A16) 
 
Appendix A16 provides a guide for Leak Before Break (LBB) analysis and defect assessment. The purpose of LBB 

analysis is to determine if it is possible to detect under in-service conditions the leak flow of a structure containing a 
fluid (vessel, pipe) prior to the defect that is at the origin of the leak provocates the rupture of this structure. 

The LBB approach initially based on [6] has been revised since then to include the most recent improvements 
resulting from R&D work carried out in the frame of a cooperative program between CEA, EdF and Framatome. An 
extensive test program enabled in particular to validate the A16 procedures on the following aspects [7] [8]: 
∗ crack propagation and instability under high cyclic load, 
∗ leak rate and crack opening area, 
∗ crack shape evolution up to and after wall penetration 

Appendix A16 provides also a comprehensive set of formula for defect assessment and give in particular stress 
intensity and reference stress solutions for a wide range of geometry. The defect assessment rules and associated 
material data are consistent with those of the RSE-M Code [9]. 

 
CONCLUSIONS 

 
The RCC-MR code is a complete set of design and construction rules for nuclear components. The modifications of 

the RCC-MR in its 2002 edition are supported by more than ten years R&D work in France and Europe and this new 
edition provides therefore to the engineers a modern set of rules applicable not only to Fast Reactors but more generally 
to components either operating at elevated temperature or having geometrical features close to those of FRs (thin 
shells). 
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