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Abstract 
The main objectives of the project are: 
− Develop a standard for fracture resistance testing in multi-metal specimens. 
− Develop harmonized procedures for dissimilar metal welds brittle and ductile integrity assessment. 
The underlying aim of the project is to provide recommendations for a good practice approach for the 
integrity assessment (including testing) of dissimilar metal welds as part of overall integrity analyses 
and leak-before-break (LBB) procedures. 
 
In a nuclear power plant (NPP) a single metallic component may be fabricated from different materials. 
For example, reactor pressure vessel (RPV) components are mainly made of ferritic steel, whereas 
some of the connecting pipelines are fabricated from austenitic stainless steel. As a consequence, 
components made of different kind of steels need to be connected. Their connecting welds are called 
dissimilar metal welds (DMW).  
Despite extensive research in the past within the EURATOM Framework, e.g. the projects BIMET 
and ADIMEW, further work is needed to quantify the structural performance of DMWs.  
 
The first step of the project is to gather relevant information from field experience. Typical locations 
of DMWs in Western as well as Eastern type light water reactors (LWRs) will be identified together 
with their physical and metallurgical characteristics, as well as applicable structural integrity 
assessment methods. The collection of relevant field information including findings position (flaw) 
will be followed by computational structural integrity assessment analyses of DMWs for dedicated test 
configurations and real cases. These analyses will involve simple engineering methods and numerical 
analyses. The latter also involves the use of innovative micro-mechanical modelling approaches for 
ductile failure processes in order to augment existing numerical methods for structural integrity 
assessment of DMWs. Ageing related phenomena and realistic stress distributions in the weld area 
will be considered. The computational analyses are supported by a comprehensive materials test 
program. Its aim is the development of a procedure for measuring fracture toughness in DMWs. 
Assessment of LBB behaviour is also part of the test program. 
 
The project will promote the development of a common understanding for structural integrity 
assessment of DMWs in existing and future NPPs in EU member states. It will provide the technical 
basis for the development of harmonised European codification and standards for multi-metal 
components, which are currently non-existing. A trainee program will be finally developed and text 
book as well as learning materials will be issued.  

1. Introduction 
NPPs contain a large number of welded structures and welds represent their weakest part with respect 
to fracture due to cracking risk. In welded joints the risk of defects is greater due to manufacturing and 
stress concentration. Different yield limits between adjacent materials cause strain concentration along 
the interface and reduce the ductile resistance. 
 
There is a need to develop a standard for toughness measurements in multi-metallic specimens. In 
addition harmonised procedures for defect assessment in DMWs are still missing. The 
MULTIMETAL project should deliver a good practice approach for testing, integrity and LBB 
analyses. The absence of specific defect assessment procedures for DMWs leads to the use of very 
conservative or costly surveillance programs. 
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The list of practical problems related to DMW integrity is quite large: 
− A DMW constitutes a composite of metals in which gradients of material properties are difficult to 

characterize. 
− High energy welding procedures applied to ferritic and austenitic steels used in LWRs usually 

harden the deposited material and the so-called heat affected zone (HAZ, zone next to DMW on 
ferritic side), creating an overmatch with the base metal. Undermatching is observed in high strength 
steel or aluminium. Many studies have shown that the material toughness of the weldment or the 
HAZ is not an intrinsic property of the material where the crack is located, but also depends on the 
strength properties of the neighbouring materials. Fracture resistance characterization by global 
parameters such as crack tip opening displacement (CTOD) and the so-called J integral requires 
much more attention for welds and HAZ than for homogeneous materials. 

− The thermal mismatch between weld and base metals causes residual stresses, which may influence 
fracture for low toughness DMWs. 

− In ferritic base metals welding changes the microstructure of the HAZ leading to a possible 
reduction of toughness. 

− These problems have to be taken into account in fracture assessment procedures. Within the last 10 
years numerous detailed studies have been performed on the structural integrity of DMW and a 
number of models and formulae have evolved from these to address the above issues. A detailed 
review of the results of all these studies, supported by experimental and numerical benchmarks, 
could lead to harmonized procedures for testing and defect assessments in and around DMWs.    

 
At the moment no common standards are available to assess the structural integrity of multi-metalic 
components. In addition there are no common standards for materials testing of DMWs. Thus there is 
a need for a research project on DMW resistance characterization and associated defect assessment 
procedures. The overall aim of the MULTIMETAL project is to develop pre-standard guidelines for 
the measurement of DMW material properties and to develop a good practice approach for the fracture 
assessment of DMWs.  

2. Organisations involved 
In total eleven organisations from different European countries are cooperating within in the frame of 
the MULTIMETAL project. 
Below all organisations and their organisational responsibilities are listed. 
 
− Technical Research Centre of Finland (VTT), Finland, Coordination, WP1 and WP5 leader 
− AREVA NP France and Germany, WP2 leader 
− Commissariat à l'Énergie Atomique (CEA), France, WP3 leader 
− Joint Research Centre of the European Commission (JRC), Netherlands, WP4 leader 
− British Energy (BE), United Kingdom 
− Bay Zoltán Foundation for Applied Research (BZF), Hungary 
− Electricité de France (EDF), France, WP6 leader 
− TECNATOM (TEC), Spain, WP5 leader 
− Jožef Stefan Institute (JSI), Slovenia, WP7 leader 
− Studsvik Nuclear AB (STU), Sweden 

3. Project Structure and tasks 
The project is organized in seven work packages reflecting different tasks and responsibilities. The 
coordination of the project is performed by VTT. An overview of the interaction of the different work 
packages is given in Figure 1.  
 
WP1 Project Management  
The first task of MULTIMETAL is to manage the consortium created. Milestone is a Web site 
(dedicated to the project MULTIMETAL correspondances) online after three months. 
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WP2 State of the art and collection of field experience  
The second step of MULTIMETAL is to collect relevant field information, i.e. types, locations and 
characteristics of DMWs in European type LWRs. This information covers materials, weld procedures, 
environmental and loading conditions as well as existing test procedures and defect estimation 
schemes. Information on the treatment of residual stresses in DMW will also be included in the 
collection process. It is intended to bring together the experience and outcome of previously 
performed studies in various European countries on different types of DMW and reflect on the 
outcome of these studies. The DMWs treated in these studies were austenitic welds (EU projects 
BIMET and ADIMEW), narrow gap welds in the European pressurized water reactor (EPR), Inconel 
welds and welds in VVER reactors (Eastern type LWRs). A milestone for this WP is the deliverables 
of the experience from field after 6 months. 
 
WP3 Experiment design and guidelines  
A comprehensive test program on different types of specimens taken from DMW mock-ups will be 
undertaken. Since the main aim of the project is to propose a robust procedure for fracture resistance 
measurement of DMWs, this task represents the “core task” of the project. Milestones are the Mock-
Ups delivery (after 6 months) and recommendation issue on measurement before lunching the 
benchmark. 
 
WP4 Numerical analysis of DMW behaviour  
The fourth task is dedicated to structural integrity and fracture assessment calculations in DMWs in 
order to support the design process of specimens to be used under Task 3 and to provide 
recommendations on the appropriate use of the existing calculations approaches. Important issues for 
fracture assessment calculations in DMW like transferability of specimen results to real components, 
treatment of residual stresses and sensitivity of calculation results to input data characterizing the 
DMW are part of this task. Milestones are the setup of a framework for parametric building of 
numerical models after 6 months and the identification of optimal specimen design. 
 
WP5 Benchmark (experimental and numerical work) 
The most promising fracture resistance measurement procedure evolving from Task 3 and the most 
promising fracture assessment calculation procedure evolving from WP4 are applied to dedicated 
DMW designs (specimen) and DMW cases respectively by the individual project participants in a 
benchmark framework. Milestones are the benchmark definition sent out (experimental and numerical). 
 
WP6 Best practice document  
The outcomes of Tasks 3 to 5 will be summarized in an appropriate form for wider dissemination and 
adoption. This should be a best practice document and it has two key objectives: 
− To propose a standard for testing of the toughness in DMWs as well as transferability rules for large 

crack extensions. 
− To provide harmonized best practice guidance for defect assessment in DMW including boundary 

ageing and lifetime management of pressure circuit components at European level 
− To provide a pre-codification document for improvements of national European procedures which 

will be made to aid adoption of the methodologies developed and validated within MULTIMETAL. 
Milestones are the different documents issue. 
 
WP7 Trainee  
Finally a training course and exchange program for young scientists based on outcomes and 
experience gained from MULTIMETAL will be developed. This also includes the issuing of a text 
book and learning material, which as such provides knowledge preservation of the project. Milestones 
are the exchange of research workers as well as the training course and the issue on a textbook for 
young professionals. 
The MULTIMETAL end products will consolidate the results (see figure 1) in the form of best 
practice guidelines for harmonization of the procedure for fracture toughness assessment (testing and 
integrity) of dissimilar metal welds. 
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Figure 1: MULTIMETAL - Interaction of the different  work packages 

4. Status of the project 
The project MULTIMETAL Kick-Off meeting has been held in March 2012 in Budapest beside the 
NUGENIA meeting. The next step of MULTIMETAL will be the collection of relevant field 
experience and state-of-the-art for DMWs assessments. This work contains in detail: 
− List of relevant  information on design and manufacturing, report degradation and crack issues 
− information on residual stress fields in DMWs and report methods to quantify prevent or mitigate 

them as well as the most influencing parameter 
− information on integrity assessment procedures with regards to mismatch in fracture mechanics 

formulas 
− information on specimen preparation 
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