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ABSTRACT 
 
This report reviews the current status of standardisation for measurement methods 
relating to the high temperature performance of materials. 
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1 INTRODUCTION 
 
Advanced materials are now being deployed in new and existing power plant to improve 
operating performance and reliability, availability, maintainability and operability.  These 
materials, from ferritic alloys for boilers to ceramics for filter elements or coatings for the 
protection of gas turbine blades, are the result of extensive research programmes.  In some 
cases, it can take over ten years to take a new material concept from initial trials to 
implementation, supported by the necessary long-term mechanical and environmental 
performance data. 
 
The long term commitment required for materials research related to development, 
performance assessment, monitoring, repair, etc., and the pre-competitive nature of 
much of this research, makes it ideal for collaborative research initiatives, even where 
the collaborating country may be viewed as a competitor in the world-wide power 
generation market. 
 
In 2004 collaboration between UK and US companies and institutes was instigated in 
the form of a 4-year programme, covering several aspects of materials performance in 
fossil-fuelled power plants.  The organisation of the programme is shown in Figure 1. 
 
 

 

 
One major objective within Task 4 is to review the differences in Standards that are 
used in the participating countries.  This report presents an initial review of the current 
situation. 

2 HIERARCHY OF STANDARDS 

 
Worldwide, the overarching Standard’s Body is the International Organisation for 
Standardization ISO).   ISO has over 100 countries participating as full member through 
selected organisations.  For the UK this body is the British Standards Institute (BSI) and 

Task 1
Steam Oxidation

Task 2
Boiler Corrosion

Task 3
Syngas Fuels in Gas Turbines

Task 4
Standards and Databases

Task 5
Life Prediction of Coatings

Task 8
ODS Materials

Technical Committee

Figure 1  Organisation Chart for UK/US Collaborative Programme on Advanced Materials for 
Low Emission Power Plant
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for the USA the American National Standards Institute (ANSI) represents their 
interests.  By agreement any Standards ratified by ISO are automatically adopted by the 
member countries. 
 
Within Europe the European Committee for Standardization (CEN) provides the 
platform for standardisation.  As well as formal standards CEN also provides a vehicle 
for standardisation known as a Technical Workshop Agreement (TWA), which 
provides a rapid route to gain consensus for topics that may not have a suitable 
committee within the structure. 
 
In the USA although ANSI does not develop standards itself, it provides all interested 
U.S. parties with a route to come together and work towards common agreements. The 
process to create these voluntary standards is guided by consensus.  In the materials 
area the body that is most active in developing standards is the American Society for 
Testing of Materials (ASTM). 
 

3 STANDARDS OF INTEREST 

 
The first activity within the review of Standards was to determine which measurement 
procedures were of interest to the partners participating in the collaboration.  Each Task 
Leader from the UK and US sides was asked to identify which measurements they 
would be undertaking within their tasks.  Table 1 lists the investigative techniques and 
potential standardization needs for each UK-US task. Task 4 then further evaluated the 
testing needs for each investigative technique and sorted these needs into three groups 
relating to mechanical-, physical- and corrosion-testing.  Sections 3.1 to 3.3 evaluate 
these in detail. 
 

Table 1. Testing Needs and Standardization Required by Each Task  
Task Investigative Technique Standardisation Required within Task 4 

Lab exposures Y (by agreement within Task 1) 
Steam Loop exposures N (only one lab doing these exposures) 

1 

Post test evaluation N (use ISO standard under development) 
Lab exposures Y (by agreement within Task 2) 
Probe tests N (too diverse for standardisation) 

2 

Post test evaluation N (use ISO standard under development) 
Burner Rig Exposure N (only one lab doing these exposures) 3 
Post test evaluation N (use ISO standard under development) 
Thermal ageing Y (by agreement within Task 2) 5 
Post exposure evaluation N (activity for Task 5) 
Uniaxial Creep  N (ISO Standard exists) 
Increasing load creep 
(step creep) 

Y (by agreement within Task 8) 
8 

Slow Strain Rate Tensile 
Test 

Y (ISO Std. Exists but strain rate needs 
agreement within Task 8) 
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3.1 MECHANICAL TESTING 

 
The mechanical tests of interest within each Task were: 

• Hardness 
• Tensile 
• Creep 
• Low Cycle Fatigue (LCF) 
• High Cycle Fatigue (HCF) 

 
Current ISO standards for hardness measurement are maintained under committee 
TC164 Mechanical testing of Materials. Standards exist for Knoop [1-4], Brinell [5-8], 
Vickers [9-12] and Rockwell [13-15] scales.  In addition there is also a series of 
standards for instrumented indentation testing [16-18] and a comparison between the 
different hardness scales [19].  The specific case of hardness measurement of welds has 
its own procedure [20]. 
 
TC164 also maintains the standards for tensile testing of metallic materials.  Standards 
exist for testing at both ambient [21] and elevated [22] temperatures. In addition ISO 
provides guidance on the conversion of hardness values to tensile strength [23].  As for 
hardness measurements the specific case of testing welds is addressed separately [24]. 
 
Uniaxial creep testing is also covered by an ISO standard [25] for the test method as 
well as calibration of the associated load [26] and extension [27] devices. 
 
Surprisingly ISO does not publish any standards on the use or calibration of 
thermocouples. ASTM E230 [28] and BS EN 60584-1 [29] both give definitive values 
of the emf values associated with the given temperature for all standard thermocouples.  
No technical differences between the two standards are apparent.  Guidance on the use 
[30] and calibration [31] of thermocouples is also available. 
 
Low cycle fatigue testing of high temperature materials is not yet fully standardised.  In 
the USA, ASTM produced a dedicated volume on LCF [32], and ASTM standard 
practices exist for strain controlled (ASTM E606 [39]),and thermomechanical (ASTM 
E2368 [40]) fatigue testing.  In the UK a standard for constant amplitude strain 
controlled fatigue at ambient temperature has been published [33].  For testing at 
elevated temperature CEN have published a TWA document that discusses the 
uncertainties of measurements in this test [34]. 
 
High cycle fatigue at ambient temperatures is addressed by ISO [35]  
 
 
3.2 PHYSICAL TESTING 
 
The physical properties of interest to the Task Leaders were: 

• Thermal Diffusivity 
• Dilatometry 
• Surface Area Measurement 
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The measurement of thermal diffusivity using the flash method is described by ASTM 
[36].  This standard was developed for homogeneous monolithic materials but has many 
features that can be applied to diffusivity measurement of coated specimens.  There is 
no equivalent European standard. 
 
There are currently no generic standards for the measurement of thermal expansion 
using dilatometry. 
 
ISO Standards exist for the determination of surface area of solids using either gas 
adsorbtion [37] or permeability [38] techniques 
 
3.3 CORROSION TESTING 
 
Within the corrosion area the procedures of interest were: 

• Laboratory exposures in steam and mixed gases (including deposits) 
• Post-exposure evaluation of environmental attack 
• Steam Loop exposures 
• Coating Thickness 
• Burner rig testing 
• Thermal Cycling/Cyclic Oxidation 

 
Currently no international (ISO), US or European standards exist for high temperature 
corrosion of metallic materials. However this area is being actively pursued by ISO 
TC156 WG13 and standards for: 
 

• Test Method for Isothermal Exposure Testing under High Temperature 
Corrosion Conditions 

• Method for Metallographic Examination of Samples after Exposure to High 
Temperature Corrosive Environments 

• Thermal Cycling Exposure Testing Under High Temperature Corrosion 
Conditions  

 
 are in preparation. 

4 RECOMMENDATIONS FOR STANDARDISATION 

The mechanical tests of relevance to this collaboration are already well-covered by ISO 
standards with the exception of high cycle fatigue.  Representations should be made to 
the relevant ISO committee to determine whether standardisation of this test is on the 
agenda for action in the near future. 
 
For physical property measurement the obvious gap in standardisation is in 
measurement of thermal expansion using dilatometry.  Again representation should be 
made to the relevant ISO committee. 
 
Tests for oxidation and corrosion are already under active consideration by ISO.  There 
is no advantage in lobbying for further activity in this area. 
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