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Presentation 1

Perspectives of Energy Supply in Europe -  
Market Opportunities for Plant Suppliers in Germany

H. Franke

FDBR e.V., Düsseldorf 

Abstract

The perspectives of Energy Supply in Europe and in Germany have been continuously 

changing over the past few years. They are now characterised by a puzzle of ambitious 

targets and the lack of harmonised instruments to achieve these targets. It is hardly pos

sible to assess the market opportunities of plant suppliers in Europe within this framework 

in motion.

From technology supplies' perspective it seems the most appropriate approach to see the 

situation with its customers' eyes. This picture clearly shows:

(1) The industry in general, the power generation utilities, and the technology suppliers 

themselves, they all, need a functioning power generation market:

The industry in general -  in order to stay competitive. Energy prices have become essen

tial for a company's decision to "stay on board" of the European industrial base.

The power generation utilities - in order to get reliable long-term signals for investment 

into any technology that contribute to the target of secure energy supply with lower than 

today emissions at competitive prices.

And last not least, the technology suppliers - in order to get encouraged to develop and 

provide all those technologies.

Such a functioning market mechanism by definition must get maximal use out of market 

forces i.e.

(1) it must integrate all needed energy sources -  fossil fuel-based and renewables, (ii) 

providing capacity to secure supply should accepted and handled as a valuable economic 

good, (iii) any capacity - existing and new ones - that secures power supply with an en

sured power quality must not be discriminated, and of course (iv) the market mechanism 

works only if national instruments are co-ordinated at EU-level.

(2) In such a functioning market technology suppliers can provide marketable fossil fuel- 

based power plant technologies. Using today a broader approach to what means 'plant 

efficiency' they can optim ise existing or build new capacities with increased flexibility at 

secured life-time operation.
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This way, technology suppliers can meet the challenges for secure energy supply caused 

by alternating power input from renewable sources into the grid.

By adapting the power plant fleet to those challenges in a functioning market gas- and 

coal-fired power plant technologies remain competitive during the next decades, as latest 

studies show.

(3) Besides stable market mechanisms and optimised technologies a political acceptance 

of all needed technologies is required in order to get confidence for long-term investment 

into European power plant fleet.

Explicit political backing of efficient and flexible fossil fuel-based power generation tech

nologies is also a decisive competitive factor in order to encourage employment of these 

technologies in countries beyond Europe. This way those advanced German and Euro

pean technologies could contribute worldwide to secure energy supply with lower than 

today emissions.

The German technology supplier will have to use all those market opportunities in Europe 

and beyond in order safe their still existing technical and economic potential. This poten

tial remains essential, as well, for getting the perspective of a secure, affordable energy 

supply with lower emissions in Europe implemented into reality.



Presentation 2

The Current and the Future USC Technology 

M. Fukuda (1), K. Moriyasu (2)

(1) Research Institute for Advanced Thermal Power Systems, Tsukuba

(2) J-Power (Electric Power Development Company), Tokyo

Abstract

The improvement in the efficiency of the coal fired power plants has been mainly 

achieved by raising steam conditions. The steam temperature was raised from 538deg-C 

to 566deg-C at the end of the 50’s, and remained at this temperature until 1993. Steam 

power plants that have been built recently usually have a steam temperature of around 

600deg-C and a steam pressure of 25MPa. We usually call such a steam condition USC 

(Ultra Super Critical steam condition). J-POWER (Electric Power Development Company) 

started a comprehensive development program of USC technology in 1981 to develop the 

USC technology, subsidized by the Japanese government. Materials to be used for 600 

to 650deg-C systems were developed through the year 2000. The materials which con

tain 9 to 12 Cr steels were developed at that time and are being used for the USC plants 

in Japan today. Almost half of the coal power plants in Japan employ USC technology 

and is a fundamental power source today.

Following the USC technology development program, stimulated by European projects, 

Japanese boiler, turbine and valve manufacturers, institutes, and utility companies have 

been cooperating to develop 700deg-C class advanced USC technology since 2008 with 

the support of the Japanese government. Basic technologies of material and manufactur

ing for boiler, turbine and valve were developed and verified by 2012. Long term material 

tests will be conducted through 2020.

Boiler components test and turbine rotating tests are scheduled to be done by 2017. 

Some boiler superheater panels, large diameter pipes and valves will be tested in a 

commercially operating boiler from 2015 to 2017. The turbine rotor parts which have the 

same diameter as commercial rotors will be tested at 700 deg-C and at actual speed.

The basic design of the test facility has been completed. The detailed design and material 

preparation are being done today.



Presentation 3

The Development and Research of Supercritical and Ultrasuper- 
critical Coal-fired Power Generation in China

X. Lan, H. Xu
Key Laboratory of Condition Monitoring and Control for Power Plant Equipment, 

North China Electric Power University, Beijing

Abstract

Although the history of SC and USC coal-fired power generation in China is not long, the 

capacity and the development speed of the SC and USC coal-fired power generation 

units are among the world top. According to the commissioning and operation of the SC 

and USC units, the most prominent issue is steam side high-temperature oxidation of 

boiler pipes and the consequent solid particle erosion on turbine blades. In order to pre

vent and control the problem, research on steam side high-temperature oxidation of ma

terials has been studied and technological innovation of SC and USC units both on de

sign and operation has emerged. As the world largest coal consuming country with 53% 

of coal resources for thermal power plant, China is seeking a more efficient and energy 

saving with less pollutant emissions way to construct and operate its coal-fired power 

plant.

This paper reviewed the development of Chinese supercritical and ultra-supercritical coal- 

fired power generation technology. The development process, the problem at the present 

stage, the research and technological innovation for the problem and the future develop

ment in high efficient ultra-supercritical technology of China were mainly introduced. The 

research advances in steam side high-temperature oxidation of materials for SC and USC 

coal-fired power generation units in Key Laboratory of Condition Monitoring and Control 

for Power Plant Equipment of Ministry of Education in North China Electric Power Univer

sity were presented.

Keywords:

Supercritical and ultra-supercritical, coal-fired power generation, steam side high- 

temperature oxidation, research advances.
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Presentation 4

The Role of Fossil-Fired Power Plants for the 
Future Energy Supply

K.-H. Czychon

GKM Großkraftwerk Mannheim AG 

Abstract

After a short introduction to electricity generation on the example of GKM an overview of 

the current economic landscape regarding power generation will be given. The back

ground of the policy to accelerate the expansion of electricity production by renewable 

energy carriers will be explained. The challenges for conventional power plants and the 

significance of it for the reliability of the energy supply in Germany will be presented. It will 

be shown that highly efficient conventional power plants will remain indispensable for 

many decades for a secure supply of electricity generation.



Presentation 5

Characterization of Boron and Mechanisms for Boron Effects in 
9Cr Steel for A-USC Boilers at 650° C

F. Abe (1), T. Horiuchi(2), K. Sakuraya (1), S. Suzuki(3),
M. Tabuchi(1), S. Tsukamto(1)

(1) National Institute for Materials Science (NIMS), Tsukuba 

(2) Hokkaido University of Science, Sapporo

(3) Tohoku University, Sendai 

Abstract

The addition of boron and nitrogen to 9Cr-3W-3Co-VNb steel without any formation of 

boron nitrides during normalizing heat treatment is essential to achieve the additive 

strengthening due to boron and nitrogen and to suppress the Type IV fracture in welded 

joints at 650° C. The addition of boron retards the onset of acceleration creep by the sta

bilization of fine distributions of M23C6 carbides at and near prior austenite grain bounda

ries during creep, which effectively decreases the minimum creep rate and increases the 

creep life. Excess addition of boron and nitrogen causes the formation of boron nitrides 

during normalizing heat treatment at high temperature, which significantly reduces soluble 

boron, resulting in the degradation in creep strength of base metal and welded joints.

The characterization of boron in the present steel is carried out by means of Field Emis

sion type scanning Auger Electron Spectroscopy (FE-AES), Secondary Ion Mass Spec

trometry (SIMS) and Energy Dispersive characteristic X-ray analysis (EDX). In FE-AES, 

the concentration of boron is quantitatively evaluated using a spectrum at 170 - 180 eV, 

which consists of boron and tungsten spectra. The contribution of W to the mixed spec

trum at 170 - 180 eV is removed by using a W(MNN) spectrum at 1800 eV. Boron is en

riched in M23C6 carbides, which is more significant in the vicinity of prior austenite grain 

boundaries, but not in Fe2W Laves phase. Boron is evenly distributed in M23C6 carbides. 

The enrichment of boron in M23C6 carbides is also confirmed by SIMS. Boron nitrides, 

having a size of several □m, formed during normalizing heat treatment are easily ob

served at bottom of dimples on fracture surface by SEM-EDX after ductile fracture at 

room temperature.



Presentation 6

Advanced Creep Strength Enhanced Ferritic Steel and its Creep 
Softening in Comparison with Grades 91 and 92

F. Masuyama, T. Yamaguchi 

Graduate School of Engineering, Kyushu Institute of Technology, Fukuoka

Abstract

The creep strength enhanced ferritic (CSEF) steel fam ily of grades 91, 92, 122, 911, 23 

and 24 has been developed in last three decades for use in boiler piping and headers of 

high efficient fossil-fired power plants. The grade 92 among these CSEF steels has the 

highest creep rupture strength to increase the steam temperature up to 620 deg. C, how

ever the weld heat affected zone is much weaker in creep than the parent metal due to 

the Type IV failure. Alloy design trials or proposal of the candidate steels in laboratory 

level has been conducted to improve the creep rupture strength than that of grade 92. 

Presently it is becoming possible in a very near future to introduce the new high strength 

ferritic steels beyond grade 92 on the commercial basis through the codes and standard 

coverage, and also the new steels could mitigate the Type IV failure at the welds to be 

applicable at the maximum use temperature of 625 deg. C and above. But the creep deg

radation behavior in such new advanced steels is not yet well investigated and it is not 

verified that the creep degradation/life assessment techniques studied for the existing 

CSEF steels are applicable. Therefore the creep degradation and softening behavior of 

new advanced CSEF steel was studied and the hardness creep life assessment tech

nique developed using grade 91 was applied to investigate the similarity of degradation 

process with the conventional CSEF steels. The present paper introduces the develop

ment status and performance of new advanced steels beyond grade 92 in Japan and 

deals with the creep degradation and softening behavior of the new steel in comparison 

with grades 91 and 92.
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Presentation 7

Performance of Creep Resistant Ferritic Steel with Intermetallics
K. Kimura, Y. Toda, M. Auchi, M. Shibuya, H. Kushima, K. Sawada

National Institute for Materials Science (NIMS), Tsukuba

Abstract

Creep strength enhanced ferritic (CSEF) steels are widely used for high temperature 

structural components of Ultra Supercritical (USC) and combined cycle power plants. 

Creep strength of CSEF steels is improved by tempered martensitic microstructure 

strengthened by precipitates of M23C6 carbide and fine MX carbonitride. However, re

markable drop in creep strength of CSEF steels is recognized in the long-term as a result 

o f microstructural recovery such as coarsening of precipitates, decrease in dislocation 

density and annihilation of lath boundary. Martensitic microstructure is unstable at the 

elevated temperatures and gradually changes to equilibrium phase of ferrite during creep 

exposure. Precipitates of M23C6 carbide and MX carbonitride contribute to improve creep 

strength of CSEF steels, however, coarsening of M23C6 carbide and annihilation of fine 

MX particles due to Z phase formation reduce the effectiveness. Intermetallic compounds 

are expected to be useful as strengthener in the long-term, since stability at the elevated 

temperature is considered to be higher than those of carbide and carbonitride. Potential 

of high chromium ferritic steel with ferrite matrix and intermetallics to improve creep 

strength has been investigated. Creep rupture strength of 15Cr-Mo-W-Co steel with ferrite 

matrix strengthened by intermetallics is higher than that of ASME Grade 92 at 650°C and 

the same level as that of 316 stainless steel even at 750°C.
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Presentation 8

Development, Experiences and Qualification of Steels Grades for 
Hydro Power Conduits

H. Cerjak (1), N. Enzinger(1), M. Pudar(2)

(1) Institute for Materials Science and Welding, Graz University of Technology

(2) Magna Steyr Fahrzeugtechnik AG & CoKG, Graz

Abstract

Because of the progress made by the steel industry in the past 50 years, the yield 

strength of steels used for Stored Plants (SP) and Pumped Stored Plants (PSP) - Hydro

power Plants raised from 400 MPa for normalized fine grain steels to 890 MPa for Q&T 

steels. Since 30 years TM grades are in service, recently showing Y.S. up to 700 MPa. In 

this contribution the development of steel grades for penstocks and steel lined shafts, 

experiences made on existing plants are reported as well as results of extensive Qualifi

cation Programs performed are discussed.

Because of the dramatic failure case appeared at the Cleuson Dixence condouit in the 

year 2000 comprehensive sound scientific investigations of the failure cases where per

formed and reported to prevent such events in the future. The new high strength steel 

grades behave increasingly sensitive in its behavior during welding; especially the prob

lem of hydrogen induced cracking is a crucial issue. The H induced crack appearance 

moved from the HAZ in the weld deposit area of the jo int when welding HSS grades. 

Based on these experiences extensive Qualification Programs have been established to 

quantify the materials behavior of the new steel grades Y.S. 690 MPa in quench and 

tempered as well as for thermo mechanical treated condition. In addition the optimization 

of welding consumables and welding processes was forced. The results out of these pro

grams allowed the establishment of sound criteria for materials selection, fabrication and 

testing based on fracture mechanics, approach under consideration of stress corrosion 

susceptibility. A very important aspect is the selection of adequate welding consumables 

and the strict adherence of necessary Quality Assurance measures during fabrication.

Because of the new requirements coming from the grids, of the European energy markets 

in the recent period new challenging dynamic service conditions, especially for PSP ap

peared and requires higher exploitation grades of the penstocks and lined shafts. There

fore the design has to take into account in addition to the static also the dynamic loading 

conditions considering the fatigue behavior of the used materials. This aspect has severe 

influences also on the fabrication requirements.
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The conclusions out of these investigations as well as of the first fabrication experiences 

show that these new HSS grades behave very sensitive. This requires a fully new ap

proach based on an Integrity Analysis including consideration of dynamic loading. It is to 

assure that all precautions necessary during design and material selection, also during 

planning, and performance of the fabrication steps, especially welding, assembly and 

testing, as well as in the service adhered are strictly to be considered. If these conditions 

are completely fulfilled, a successful and safe service for a long time can be expected.

References

[1] H. Cerjak, N. Enzinger, R. Greiner, G. Zenz (Editors). (2013) Proceedings of the 3rd. 

International Conference High Strength Steels for Hydropower Plants Graz 2013.

[2] Cerjak H., Enzinger N. (Editors) (2005). Proceedings Intl. Conference on High 

Strength Steels for Hydropower Plants Graz, Austria.

[3] Proceedings 2nd Intl. Conference on High Strength Steels for Hydropower Plants, 

Takasaki, Japan, 2009.
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Presentation 9

Development of Age-Hardenable INCONEL Alloy 740H for High 
Pressure -  High Temperature Applications

S. A. McCoy, B. A. Baker, J.J. deBarbadillo, R. D. Gollihue

Special Metals Corporation, PCC Energy Group, Huntington, West Virginia

Abstract

INCONEL® alloy 740H® has been developed for use in fossil fuel-fired AUSC boilers, 

however new applications requiring very high strength are also emerging in novel indus

trial applications. This material displays a unique combination of steam and coal-ash cor

rosion resistance, microstructure stability, creep strength and heavy section weldability. 

During recent years the PCC Energy Group companies Special Metals and Wyman- 

Gordon have undertaken a major effort to demonstrate their capability to manufacture full- 

size boiler components, characterize their properties and simulate field assembly welds. 

This work was performed according to the requirements of ASME Boiler Code Case 2702 

that was recently issued in 2012. This paper covers manufacturing of tube and pipe prod

ucts and property characterization including recent data on the effect of long time expo

sure on impact toughness of base and weld metal. New data will also be reported on coal 

ash corrosion of base metal and weld metal. The corrosion testing conducted in a simu

lated coal ash environment at 750°C has been performed, comparing alloy INCONEL 

alloy 740H with other candidate nickel base alloys and the effect of compositional varia

tion is discussed. An overview of welding studies focused on integrity of circumferential 

pipe joints and a discussion of remaining technical issues will be presented.
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Presentation 10

Heat to Heat Variation of Microstructural Change and its Effects 
on Long-Term Creep Strength of Grade 91 Steels

K. Sawada, H. Kushima, T. Hara, M. Tabuchi, K. Kimura 
National Institute for Materials Science (NIMS), Tsukuba

Abstract

Heat to heat variation of long-term creep strength and microstructural change were inves

tigated in Gr.91 steels, focusing on amount of minor elements. Two heats (heat C: Gr.91 

steel tube and heat B: Gr.91 steel plate) were mainly examined to make clear the effect of 

minor elements on creep strength. Main difference of chemical compositions of the two 

heats is AI and Ni contents (heat C: 0.001 mass%AI and 0.28mass%Ni, heat B: 

0.014mass%AI and 0.04mass%Ni). There was no large difference of creep strength up to 

10000h at 600°C in the two heats. However, the creep strength at around 80000h was 

higher in heat B than in heat C.

Recovery of martensite lath occurred after creep for 80000h at 600°C in the two heats. 

But, there was no large difference of martensite structure after creep in the two heats. Z 

phase formation clearly occurred after creep for 10000h at 600°C in the two heats. But, 

the number of Z phase particles was higher in heat C than in heat B after creep. The 

number of MX particles of heat A drastically decreased after long-term creep at 600°C 

comparing with heat B. Large decrease in number of MX particles can decrease creep 

resistance of heat C.

In order to avoid effect of product shape on creep strength, heat A (Gr.91 steel tube) with 

0.010mass%AI and 0.12mass%Ni contents was also examined. The creep strength was 

higher in heat A than in heat C. The number of Z phase particles was very low after creep 

for 80000h at 600°C in heat A, comparing with heat C. This can cause high stability of 

long-term creep strength of heat A.

Effect of AI and Ni contents on Z phase formation and disappearance of MX will be dis

cussed in detail.
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Presentation 10 a

Development of HR6W and its Applicability for Thick-Wall Com
ponent for Advanced USC Boilers

H. Okada<1), T. Hamaguchi(1), H. Hirata (1), M. Yoshizawa (2)
(1)Nippon Steel & Sumitomo Metal Corporation, Hyogo

(2)Nippon Steel & Sumitomo Metal Corporation, Düsseldorf

Abstract

HR6W: Ni-23Cr-22Fe-7W alloy was originally developed for superheater material of 

650 °C USC plant. Creep strength of the alloy is enhanced by not dispersion of gamma 

prime but that of M23C6 carbide and Laves phase. Thus the alloy has moderate creep 

rupture strength between Ni-base super alloy such as alloy617 and austenitic stainless 

steel such as TP347H. Because of the superior creep ductility, weldability, creep-fatigue 

property and workability, the alloy is expected to be used as the thick-wall component of 

advanced ultra super-critical (A-USC) power plant. In this paper, alloy design and typical 

properties related to A-USC boiler application are reviewed.

Cumulated creep rupture data shows the stable creep rupture strength of the alloy in long 

term creep region between 650 and 750 °C. From evaluation results of the precipitation 

behavior, the stable strength is strongly related to the precipitation of Laves phase, which 

occurs later than that of M23C6 carbide and continues more than two orders of magni

tude in time. The alloy shows good weldabilty, especially, lower sensitivity of stress relax

ation cracking comparing to alloy617. The alloy also shows excellent performance in 

700 °C test loop, conducted in Esbjerg power plant. Therefore, HR6W is promising one of 

candidate for A-USC boiler R&D projects with steam temperature of about 700 °C in Eu

rope and Japan.
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Presentation 11

Fiber Reinforcement for Steel Components in 
Power Plant Applications

M. Huang, K. Berreth, K. Maile

MPA Universität Stuttgart

Abstract

In the case of metallic pressurized equipment (vessels, piping) for high temperature ap

plications, the dominating damage mechanism creep has to be considered, which leads 

to a limited life time of relevant components. Increasing service temperature and pressure 

is only possible by developing new metallic materials with improved characteristics. Since 

ceramic matrix composite materials exhibit unique high-temperature properties, a new 

concept of pressurized hybrid pipes consisting of a metallic liner and a ceramic composite 

jacket has been proposed and investigated in the frame of an actually completed re

search project funded by the German federal ministry for education and research (BMBF) 

with the Support Code 03X3529B. The combination of both material types in a hybrid 

structure shows remarkable increased creep strength by suppressing creep effects in the 

metallic liner. This innovative material design could be applied for new components with 

higher service temperatures but also to already existing pipework for life extension.

The paper describes the principle architecture of the material and the accomplished nu

merical calculations to understand local stress-strain distribution and load transfer mech

anisms in the hybrid structure. By means of experimental laboratory tests with pressur

ized hollow cylinders the improved creep strength of the hybrid structure was investigat

ed. A good accordance between numerical calculation and experimental observation 

could be stated.
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Presentation 12

The Importance of Pumped Storage Power Plants 
in the Electricity System of the Future -  

The Example Schluchseewerk AG

K. Schneider

Schluchseewerk AG, Laufenburg 

Abstract

Caused by the further extension of renewable energy generation, especially by the fluctu

ating feed-in from wind and photovoltaic systems, power generation and electricity de

mand will fall increasingly apart in time in the future. The future power system needs to be 

flexible to respond to the massive temporary differences between electricity demand and 

the weather dependent supply of electricity. Especially electricity storage is of central im

portance. They can store electricity in times of higher energy production from renewable 

energy sources and provide it again in times of higher demand and lower production. 

Pumped storage plants are currently and for the foreseeable future, the only available 

large-scale storage technology. Against this background Schluchseewerk AG plans to 

build in the southern Black Forest Germany's largest pumped storage plant with a capaci

ty of 1,400 MW.
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Presentation 13

Pump Storage -  Requirements and Comparison with other 
Storage Technologies

A. Ruprecht
Institute of Fluid Mechanics and Hydraulic Machinery, University of Stuttgart

Abstract

The use of renewable energy sources has strongly increased in the last years. Especially 

wind and photovoltaic energies are raised. This trend will be enforced in the future. In 

Germany wind and solar energy shall contribute more than 33% to the electricity produc

tion in 2030. Because of the high volatility of these sources an appropriate energy storage 

as well as a fast regulating power is necessary. Both can be supplied by pump storage 

power plants.

In this paper the pump storage situation is Germany is discussed. The demand of energy 

storage is roughly estimated and the status quo of pump storage in Germany is de

scribed. Pump storage is compared to other storage technologies (compressed air stor

age, batteries, hydrogen storage and power-to-gas storage) concerning efficiency, re

sponse time and costs. In addition the potential of pump storage in Germany is dis

cussed.
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Presentation 14

Requirements to Metallic Structural Materials for Fuel Cell 
Components in Low-Pressure Gaseous Hydrogen

M. Hahn, M. Bacher-Hoechst

Robert Bosch GmbH, Corporate Sector Research and 
Advance engineering, Stuttgart

Abstract

Future fuel cell vehicles enable emission-free driving. Gaseous hydrogen under pressure 

is used as energy carrier. For the reliability of the pressure-retaining components, it is 

therefore necessary to consider the influence of hydrogen on the (fatigue) strength of 

metallic components.

This paper derives material technological requirements to an exemplary component of a 

fuel cell system. In addition the experimental concept for fatigue testing in pressurized 

hydrogen with focus on high numbers of cycles is presented. Based on selected experi

mental results the effects on the fatigue strength were discussed. Finally a concept for the 

assessment of fuel cell components based on failure mechanisms is introduced.

Keywords: hydrogen embrittlement, fatigue strength, hydrogen pre-charging, stainless 

steels, pre-assessment
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Presentation 15

Nondestructive Testing of Wind Turbine Blades

A. Jüngert, S. Dugan 

MPA Universität Stuttgart 

Abstract

The use of renewable energy for power generation is a main part of increasing efforts to 

reduce C 0 2 emissions. In central Europe, wind energy plays a major role in power gener

ation. To ensure the safety and availability of electricity from wind power, highly stressed 

components of the wind turbine, such as the turbine blades, have to be inspected regular

ly. In Germany, turbine blades are subjected to visual inspection and simple tapping tests 

every two to four years. More advanced nondestructive testing techniques could improve 

the results of these inspections, because internal damage can be detected at an earlier 

stage. However, since wind turbine blades are built from fiber reinforced plastics (FRP) 

and lightweight materials like balsa wood or plastic foams, they are difficult to inspect with 

most common nondestructive testing techniques. Anisotropy, high sound attenuation, low 

heat conductivity and lack of sufficient electrical conductivity limit the applicability of non

destructive testing techniques used for metal parts and components. Well-established 

techniques for components used in the aerospace industry fail when applied to wind tur

bine blades due to the high material thickness and non-uniform material quality. Nonde

structive testing techniques have to be developed and adapted to the special require

ments of wind turbine blades. Techniques using electromagnetic waves or heat waves, 

and also acoustic techniques show great potential for the thick laminates and plastic 

foams used in wind turbine blades. In this paper, we present results from a study of dif

ferent nondestructive testing techniques for wind turbine blades. At the MPA, the uitra- 

sound-echo technique was used for thick GFRP-Laminates to investigate its potential for 

the inspection of bond areas beneath several centimeters of GFRP. Additionally, an ad

vancement of a simple tapping test, the local acoustic resonance spectroscopy (LARS), 

suitable for detection of shallow delaminations and cavities, is discussed.
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Presentation 16

Observations and Recommendations for further Research 
Regarding Environmentally Assisted Fatigue Evaluation Methods

G. L. Stevens(1), O. K. Chopra(2), R. L. Tregoning (1>

(1)U.S. Nuclear Regulatory Commission (U.S. NRC), Rockville, Maryland

(2) Argonne National Laboratory, Argonne, Illinois 

Abstract

The U.S. Nuclear Regulatory Commission (NRC) and Argonne National Laboratory (ANL) 

have completed research activities on environmentally assisted fatigue (EAF) methods. 

This work has led to a revision of NUREG/CR-6909 in its entirety, a draft of which is 

forthcoming for public review and comment. These activities addressed the following are

as:

• A ir and water fatigue curves were re-developed using a much larger fatigue (e-N) 

database. The additional data include an expansion in the e-N data previously 

used by the NRC and ANL by as much as 50%.

• The environmental fatigue multiplier (Fen) expressions for carbon, low-alloy, stain

less, and nickel-alloy steels were revised.

• The revised Fen expressions address comments from interested stakeholders re

lated to: (a) the constants in previous Fen expressions that results in Fen values of 

approximately 2.0 even when the strain rate is very high or the temperature is very 

low, (b) the temperature dependence of the Fen expression for carbon and low- 

alloy steels, and (c) the dependence of Fen on water chemistry for austenitic stain

less steels.

• In addition, the appropriateness of a strain threshold and the possible effects of 

hold periods were evaluated.

• The potential effects of dynamic strain aging (DSA) on cyclic deformation and en

vironmental effects were discussed.

• The revised Fen expressions proposed were validated to the extent possible by 

comparing the results of five different experimental data sets obtained from fatigue 

tests that simulate actual plant conditions to estimates of fatigue usage adjusted 

for environmental effects using the updated Fen expressions.

In the course of performing the foregoing EAF research activities, the NRC and ANL ob

served several areas where further research could yield reduced conservatism in EAF 

evaluation. These include more refined, material-specific fatigue (S-N) curves, S-N

; D E 0 2 6 4 9 1 7 2 T *
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curves for ferritic materials based on material tensile strength, component testing (rather 

than small-scale specimen testing), ASME Code cumulative usage factor (CUF) calcula

tion methods, and the effect of neutron irradiation on fatigue crack initiation in austenitic 

stainless steels. This paper describes those observations and provides recommendations 

for further research efforts.
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Statistical Model of Water Environment Effects on the Fatigue 
Behavior of Austenitic Stainless Steels

Paul Wilhelm (1,2), Paul Steinmann(2), Jürgen Rudolph (1)

(1) AREVA GmbH, Erlangen

(2) University of Erlangen-Nuremberg, Chair of Applied Mechanics, Erlangen

Abstract

Many studies on the effects of elevated temperature environments on the cycle fatigue 

performance of austenitic stainless steels typically used for boiling and light water reactor 

components have been performed. The key parameters (e. g. strain rate, and tem pera

ture) that influence the fatigue life were identified and the range of these key parameters 

where environmental effects become pronounced were defined. The two major efforts to 

characterize environmentally assisted fatigue (EAF) are by Argonne National Laboratory 

(U. S.) and EFD (Japan) [1], Since each nation considers only domestic fatigue data, the 

widely applied titanium and niobium stabilized austenitic stainless steels in Germany are 

not included by any data points in these models.

Based on a review of past and current research reports about EAF a database for 

wrought Types 304, 304L, 316, 316NG, 321, 347, and 348 stainless steels was compiled. 

Only specimen tests under strain control with a fully reversed uniaxial loading were in

cluded. The modified Langer equation [2] was used to develop the room temperature in 

air curve to the collected data, which serves as the basis for the discussion of the EAF 

database. Besides the key variables that influence fatigue life in light and boiling water 

reactor environments additional parameters like, for example, the strain amplitude, which 

pronounces environmental effects more at low than at high strain amplitudes, can reduce 

the fatigue life by a factor of about two and should not be neglected in the current fatigue 

approach. A statistical model is evolved to address EAF in fatigue usage calculation by a 

fatigue life correction factor (Fen), which is defined as the ratio of life in air at room tem 

perature to that in water at elevated temperature. Compared to the current ANL statistical 

prediction model [3], a different functional form is used and additional variables are con

sidered, too.

[1] H. S. Mehta, S. R. Gosselin: An Environmental Factor Approach to Account for Reactor 

Water Effects in Light Water Reactor Pressure Vessel and Piping Fatigue Evaluations. 

EPRI, Palo Alto (CL, U. S.), 1995, 105759.

[2] B. F. Langer: Design of Pressure Vessels for Low-Cycle Fatigue, in: Journal of Basic Engi

neering 84(3), 1962, ASME, 389-399.

[3] O. K. Chopra, Y. Garud, G. Stevens: Update of NUREG/CR-6909 Methodology for Envi

ronmentally Assisted Fatigue (EAF) -  Revised Fen Expressions, in: ASME Code Meetings -  

Section III Subgroup on Fatigue Strength, Nashville (TN, U. S.), 2012, presentation.
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Presentation 18

Fatigue Behaviour of the Austenitic Steel 1.4550 under 
Mechanical and Thermal Cyclic Loading

D. Siegele, J. Fingerhuth, I. Varfolomeev, S. Moroz,
Fraunhofer Institute for Mechanics of Materials (IWM), Freiburg

Abstract

Fatigue behaviour of the austenitic steel 1.4550 under low-cycle fatigue and high-cycle 

thermal fatigue was investigated within two research projects supported by the Federal 

Ministry of Economic Affairs and Energy and the Ministry of Education and Research. The 

objectives of the projects were the gain of deep understanding of the damage mecha

nisms under mechanical and thermal cyclic loading and the development of material 

models and simulation procedures for an improved lifetime assessment. In comparison to 

the advanced mechanism based material models engineering computational procedures 

were proven with respect to their applicability and conservatisms.

For thermal cyclic loading, test equipment and technique were developed which allow for 

cyclic thermal loading with temperature ranges between 100 °C and 300 °C and frequen

cies between 0.1 and 1 Hz. As a result, tests with a temperature range of 150 °C and 

lower showed no crack formation up to 300,000 cycles. For temperature ranges of 200 °C 

and higher multiple crack patterns were observed with the deepest crack of about 1.3 mm 

after 1,000,000 cycles, whereas the difference in crack depth between 300,000 and

1,000,000 cycles was negligibly small.

To model the fatigue lifetime, the DTmf damage parameter was applied to the low-cycle 

fatigue and the thermal, high frequent fatigue tests. For thermal fatigue, the analyses pre

dicted in agreement with the tests crack initiation followed by crack propagation, subse

quent retardation and arrest. This behaviour can be explained qualitatively and quantita

tively using the methods of linear-elastic fracture mechanics, whereas the consideration 

of the interaction of multiple cracks is essential to describe the experimentally observed 

crack retardation. The results for thermal fatigue are in the scatterband of the mechanical 

and thermo-mechanical fatigue results and the cycles to failure are 10 times higher than 

those estimated according to the KTA fatigue curve.

As a rule, the assessment using simplified engineering methods based on elastic stress

es is very conservative. Using the RCC-M concept and a modification developed from 

AREVA, realistic and conservative results were obtained for all cases. An improved as

sessment is mainly achieved by the separate treatment of mechanical and thermal 

stresses.
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Presentation 19

The EnBW Strategy for Decommissioning and Dismantling of Nu
clear Power Plants

P. Daiß

EnBW Kernkraft GmbH, Obrigheim 

Abstract

The presentation of the lecture will be available as a download.
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Presentation 20

Updated Management of Spent Fuel from the Perspective of the 
German Industry

R. Hueggenberg, T. Funke, W. Graf 
GNS Gesellschaft für Nuklear-Service mbH, Essen

Abstract

The presentation of the lecture will be available as a download.
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Presentation 21

Material Property Requirements for the Intermediate and Final 
Storage of Spent Fuel

A. Klenk, M. Speicher, L. Stumpfrock, U. Mayer

MPA Universität Stuttgart

Abstract

The presentation of the lecture will be available as a download.
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Presentation 22

EPRI Perspective and Experience with the Performance of Creep 
Strength Enhanced Steels under Steady and Cyclic Operating 

Regimes in Modern Power Plants

J. Parker

Electric Power Research Institute (EPRI), Charlotte, North Carolina

Abstract

The increasing range of options for power generation means that there is now a require

ment for most plants to achieve much greater flexibility of operation than was traditionally 

the case. Many high energy components must therefore exhibit reliable, long-term  per

formance under cyclic operating conditions. Historically assessment of the performance 

of these components focussed on defining the transients related to hot, warm and cold 

starts and stops. The complexity and range of cycles in many plants now includes rapid 

changes in generating output to operating levels of 30% of rated capacity. In many cases 

the desirable levels of low load operation are below the values considered in the original 

design. EPRI programs have thus been working with utilities to implement monitoring 

campaigns which record the changes in local pressure, temperature and flow with time at 

different locations within a system and to undertake analysis to assess the influence of 

these effects on performance. This work is challenging since both the cycles and the low 

load operation can lead to problems associated with thermal and/or mechanical loading, 

as well as potential issues with control of water chemistry, oxidation and corrosion.

This paper summarizes EPRI achievements related to assessment of transient effects in 

modern generating plant with particular emphasis on the behavior of creep strength en

hanced steels. These steels, typically based on 9 to 12% Cr, offer significant benefits to 

the design and fabrication of components in high efficiency fossil fuelled plants because 

when properly processed tempered martensitic steels offer an excellent combination of 

strength and toughness. However, assessment of in-service experience demonstrates 

that cracking in CSEF steel components has occurred relatively early in life. In many cas

es, the occurrence of damage has been linked to less than optimal control of steel mak

ing, processing and component fabrication. The results of EPRI facilitated collaboration to 

establish best practice guidelines for component design and the use of these steels in 

high efficiency plants are discussed and the on-going commitment to knowledge creation 

and technology transfer is described.
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Presentation 23

Experience with T24 Material for Boiler Membrane Walls

A. Helmrich, G. Weissinger, F. Kluger 

ALSTOM Power GmbH, Stuttgart 

Abstract

In 2010 public reports became available about T24 tube weld cracking in several newly 

built boiler plants in Germany, which occurred during the commissioning phase of these 

boilers. Stress Corrosion Cracking (SCC) was reported as the dominant root cause, and 

the evaporator was identified as the most critical area. Even though Alstom as boiler 

manufacturer had not experienced any similar findings, the company launched detailed 

T24 investigations in order to analyse all available information, to check A lstom ’s design 

and procedures, and to define potential risk mitigation measures.

The problems reported concerned the use of T24 materials in the evaporator walls of 

some of the new ultra-supercritical (USC) plants in Germany. However, the problem-free 

operation for more than 38.000 hours to date of the evaporator water walls at Neurath 

sheds light on how to handle T24.

The Neurath plant, which was delivered by a Hitachi/Alstom consortium demonstrates 

that the design, fabrication, erection and commissioning of the critical evaporator section 

is the key to improve the structural integrity and the future success of ultra-supercritical 

plants. Within the Neurath consortium, Alstom was responsible for the critical evaporator 

section.

Beside Neurath several hard coal and lignite fired plants designed and fabricated by A l

stom based on PED by use of T24 material in the vertical and spiral walls are successful

ly commissioned and under operation or currently under commissioning. These power 

plants have already accumulated a remarkable amount of operational hours and have not 

experienced any SCC in the critical T24 sections.

The presentation will give an overview about the principle basis for the application of T24 

material in the boiler.

Based on the outcome of the detailed T24 investigations it will be reported about the most 

significant measures in regard of impact on risk mitigation applied for ultra-supercritical 

boilers utilising T24 material In addition, results about specific tests and investigations 

and gained experiences during fabrication and commissioning are shown.

Finally a summary and conclusions are given with view of the prospects for the future 

specifically in regard of power plants with increased efficiency.
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Presentation 24

Frictional- and Tightening Behaviour of Stem Seals in Industrial 
Valves as far as Conditioned Graphite Packings are Concerned

W. Ottens, R. Hahn 
MPA Universität Stuttgart 

Abstract

It was discovered by chance during an AiF research project at the Material Testing Insti

tute University Stuttgart while investigating stuffing box packings in connection with coat

ed stems, that the relative humidity during the storage of packing material of pure graph

ite may have significant effects on the frictional- and tightening behavior of stem sealing.

During an attempt to run all tests under the same boundary conditions (storage of the 

packing material according to DIN EN 13555 at a relative humidity of 50 ±6 %) the results 

found with packings conditioned this way were not comparable with packings stored at a 

relative humidity of about 40 %.

Initial tests were carried out with systematically varied humidity. The results will be pre

sented and should be of interest for all persons dealing with stuffing box packings of 

graphite.
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Presentation 25

Technical and Economical Challenges on High-Temperature 
Materials in Power Plants

F. Neumann, R. Mohrmann, C. Jüde-Esser 
RWE Generation SE, Essen

Abstract

The technical and economical challenges on high-temperature materials are highlighted 

by three examples from recent work at RWE. Critical components in conventional power 

plants which are operated at high temperatures and loaded by internal pressure and sys

tem forces are examined by repeated inspections and partly by online monitoring sys

tems. Conditions for these examinations are set in current code and standards. Driven by 

service experience, RWE developed a specification for “Methods and Procedures for Life 

Expectancy Monitoring”, which renders more precisely the selection of relevant parame

ters and data. Secondly, for cases where critical components have to be replaced (i.e. 

retrofit), a method for economical optim ization of the material to be selected -  including 

effects of future loading spectra of the respective power plant -  has been developed . 

Results from these optim izations show a strong trend towards thinner walled compo

nents. The third example deals with the limitations of current codes and standards in their 

application towards thick-walled components, start-up gradients, welded components, 

and creep-fatigue interaction. Here, cases are prepared which motivate further develop

ments.
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Presentation 26

On the Potential of Using an Extrapolation Method in 
Combination with a Constitutive Material Model for Creep- 

Fatigue Assessment of Components

C. Kontermann, A. Scholz, M. Oechsner

Zentrum für Konstruktionswerkstoffe, Staatliche Materialprüfungsanstalt 
Darmstadt, Fachgebiet und Institut für Werkstoffkunde (MPA-lfW)

Abstract

Using constitutive material models has become a kind of standard regarding research 

topics. Based on a lot of development effort which has spent within the last years such 

kinds of models are widely applicable to simulate the deformation and damage evolution 

under creep-fatigue loading. However, due to the complexity of the mathematic equations 

and due to the fact, that the evolution of inner state variables requires a simulation of 

each cycle of the lifetime of a component, the usage of such kind of models is mostly very 

time consuming. For a practical use in daily industry business instead of a research us

age answers have to be found to reduce calculation time. In this paper the potential of the 

usage of an extrapolation method will be presented. This method is based upon a forward 

and backward extrapolation algorithm of inner state variables required for the description 

of both, deformation and damage. At the end instead of a calculation of each load cycle in 

the component life, only specific packages of cycles have to be simulated. This leads to a 

significant reduction of calculation time with a negligible influence on result preciseness. 

Discussing the potential of the application of a developed extrapolation method in combi

nation with a developed Chaboche-type constitutive material model is the main goal of 

this paper.

Keywords: Constitutive Material Model, Creep-Fatigue Assessment, Extrapolation Meth

od, Industry Usage
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Non-linear Creep-Fatigue Simulation of P92 Power 
Plant Components Including Welds

J. Wang (1), P. Steinmann (1), J. Rudolph (2), A. Willuweit(2)

(1) Chair of Applied Mechanics, University of Erlangen-Nuremberg

(2) AREVA GmbH, Erlangen 

Abstract

The ageing management of power plant components has to address a number of poten

tial mechanisms. Particularly, any lifetime assessment has to consider three potential 

damage mechanisms and their combination (accumulation): creep, fatigue and ratcheting.

The motivations for conducting the study to be presented come from several different 

aspects. Firstly, due to the increasing productivity of renewable energy, the conventional 

power plants are required to be operated at flexible conditions. In this case, the power 

plant components are potentially exposed to both the creep and (low cycle) fatigue dam

age and their remaining lifetimes have to be reevaluated. Secondly, it has been reported 

that the type IV cracking in the fine grained zone of high-Cr steel weldments can induce a 

premature failure of the components. Thus, a reliable constitutive model is important for 

predicting the long-term creep strength of high-Cr steel weldments within a detailed calcu

lation and re-assessment. Thirdly, an advanced material model, which is able to simulate 

the creep, fatigue (and ratcheting, if required) constitutes the basis of an advanced com

ponent design.

The formulation of the current model is mainly adopted from the paper of Becker and 

Hackenberg [1], The total inelastic strain rate is split into the creep and the viscoplastic 

parts. For creep strain, the Larson-Miller parameters are adopted to evaluate the mini

mum creep rate and the rupture time under different temperature and stress levels. The 

cyclic viscoplastic strain is modeled through the conventional Chaboche’s constitutive 

theory. The ratcheting effect, time recovery effect and temperature rate effect are taken 

into account in the kinematic and isotropic hardening rules. The initial yield stress of the 

viscoplastic strain serves as the boundary value between the high-stress and low-stress 

ranges. In the low-stress range, the viscoplastic strain is inactivated, thus the inelastic 

strain is only induced by the creep strain. In the high-stress range, the viscoplastic strain 

is activated and it plays the dominant role in the total inelastic strain. All the parameters in 

this model can be retrieved from relatively simple experimental tests. Test data for P92
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available in the open literature were used for parameter fitting. The constitutive model 

itself has been user implemented within the FEM software ANSYS®. It can be seen that, 

by using the current model, the thermal-mechanical behavior of the high-Cr steel compo

nents under various loading conditions can be predicted at a quantitative level by way of 

non-linear analysis in agreement with the VGB-Standard "Condition Monitoring and in

spection of components of steam boiler plants, pressure vessel installations and high- 

pressure water and steam pipes" (VGB-S-506-R-00; 2012-03.EN).
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Presentation 28

Comparison of Superheater Header Designs Made of P91 and 
Alloy 617B Under Creep-fatigue Loading Using Standard 

EN 12952 and Advanced Models

G. Maier(1), P. Günther(1), H. Oesterlin (1), R. Mohrmann (2)

(1) Fraunhofer Institute for Mechanics of Materials (IWM), Freiburg

(2) RWE Technology GmbH, Essen 

Abstract

Renewable energy sources can already cover most of the demand for electrical power in 

Germany, as long as they are available. If not, conventional power plants have to react 

flexibly with an increasing number of start-stop cycles and load changes. The energy effi

ciency of conventional power plants is correlated to the live steam parameters tempera

ture and pressure. Therefore, within the most efficient conventional power plants the 

highest wall thicknesses are necessary at critical components. These thick-walled com

ponents and the design life of 40 years are limiting factors for the allowable gradients on 

temperature and pressure. Usually, the standard EN 12952 is applied for the design and 

assessment of critical components.

In the present work, a superheater header made of the conventional P91 material is de

signed for creep-fatigue loading using EN 12952 in comparison with results from Finite- 

Element calculations. The Finite-Element calculations are based on a non-isothermal 

inelastic deformation model of Chaboche type and a mechanism based crack growth 

model based on the damage parameter DTMF. These models are verified by therm o

mechanical fatigue tests with realistic load cycles. Hence they can uniformly describe 

critical components during both static operation and load changes.

Taking inelastic effects into account the advanced models result in a reduced minimum 

wall thickness (compared to EN 12952) and hence increased flexibility. Furthermore, it is 

shown that plant flexibility can be additionally improved without decreased life expectancy 

by redesigning superheater headers using nickel-based Alloy 617B instead of P91 (retro

fit).
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Presentation 29

Component Life Assessment Under Creep Fatigue Loading 
Part 2

P. Buhl, D. Hüggenberg, A. Klenk 

MPA Universität Stuttgart 

Abstract

There is an increasing demand on lifetime assessment of components which are subject

ed to creep fatigue loading due to more flexible operation of plants. Assessment routes 

with different levels of complexity are described with respect to necessary data input and 

calculation methods. Results are shown for examples for different martensitic materials 

and Nickel based alloys.
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Presentation 30

Qualitative Damage Assessment as a Part of the RBI 
(Risk-Based Inspection) Process

A. Jovanovic (1), J. M. Bareiß (2), J. Peters (3)

(1)Steinbeis Advanced Risk Technologies, Stuttgart

(2) EnBW AG, Stuttgart

(3) TÜV Rheinland South Africa, Centurion 

Abstract

This paper describes the factors considered in the process of Risk-Based Inspection 

(RBI) on the level of qualitative analysis of pressurized components in large fossil-fuel 

fired power plants. The overall procedure is described and its application on a selected 

power plant examples shown. The advantages/disadvantages of the approach are dis

cussed and the conclusion related to the applicability of the approach made. Finally the 

link of the approach to the new EU standard FprEN 16286-1:2012 (E) and the German 

VGB standard VGB S 506 (“Condition monitoring and inspection of components of steam 

boiler plants, pressure vessel installations and high-pressure water and steam pipes”), as 

well as of possible certification, are discussed.



- 3 8 -

Presentation 31

Life Time Evaluation of Power Plant Components at the End of 
Design Life Time

A. Klenk (1), S. Zickler(1), K. Maile (1), K. Metzger(2)

(1) MPA Universität Stuttgart

(2) GKM Großkraftwerk Mannheim AG

Abstract

Life assessment in power plant components based on data monitored in the plant and 

metallographic observations of the damage state of a component by replica often yields 

different results. Differences and possible explanations are described using an example. 

Challenges for the continuation of service and implications of more flexible operation are 

discussed.
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Presentation 32

THERRI -  A Joint Research Project Under the 
Direction of TÜV NORD for the Optimization of Inspection 

Concepts for a Flexible Power Plant Operation

D. Rieck (1), A. Schulz (2), R. Wernicke (2), M. Czubanowski(2), F. Mathes (2)

(1) IGN Ingenieurgesellschaft Nord mbh & Co. KG, TÜV Nord Group, Greifswald

(2) TÜV NORD SysTec GmbH & Co. KG, TÜV Nord Group, Hamburg

Abstract

Henceforth, thermal power plants will continue to take on the tasks as a service provider, 

closing contemporarily the gaps between the supply of renewable energy production and 

the demand of industrial and private consumers. This task requires a high degree of op

eration flexibility of the power plants, at consistently high technical reliability and lowest 

possible maintenance costs.

In turn, licensees and manufacturers can exert direct influence on the operating and 

maintenance costs by smart, intelligent inspection and maintenance concepts. As first 

projects have shown, the key to a high efficiency at the highest possible level of flexibility 

can be found in an interactive optim ization of plant operation and maintenance concept.

Flexible operation causes high computational usage values for the fatigue-related thick- 

walled components of the main steam systems. The common ways of rule-based plant 

life assessment, in particular by fatigue analysis, inevitably come to their limits under the 

conditions of a flexible plant operation with more frequent and steeper thermal start-up 

and shutdown transients.

An effective way to re-evaluate high usage levels of load-cycle related components is 

given by a damage tolerance analysis. This can offer additional operation time reserves 

for the considered components - beyond the standard fatigue analysis.

Moreover, the damage tolerance concept is the only way to quantitatively define appro

priate inspection intervals, using a fracture mechanics approach to determine the stable 

and limited crack growth of a postulated initial crack in the size of the detection limits of 

the in-service nondestructive testing.

The major background for the application of a damage tolerance concept to components 

of thermal power stations will be established with the fracture mechanical investigations 

and theoretical analyses within the ongoing jo int research project "THERRI - Determina

tion of characteristic parameters for the evaluation of thermal fatigue crack growth in 

power plants."
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The paper describes objectives, partners and methodical approaches of the research 

project THERRI. One key issue of the stipulated works is to provide an experimental data 

base for fatigue crack propagation in high-temperature ferritic-martensitic steels in the 

relevant temperature range 300°C to 600°C. This will be supplemented by simulation cal

culations (XFEM et al.) and the further development of ultrasonic measurement tech

niques.

Using the example of the re-evaluation of a replaced High Pressure Bypass unit (HDU) of 

the reference thermal power plant, first results of the THERRI project will be presented.



Notes
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Poster 1

European Project on Structural Integrity STYLE: 
Large Scale Test of Mock-up3 and its Interpretation

T. Nicak (1), E. Keim (1), H. Schendzielorz (1)
D. Moinereau (2), P. Le Delliou (2)

(1) AREVA GmbH, Erlangen
(2) EDF R&D, Moret-sur-Loing

Abstract

The safety and reliability of all systems has to be maintained throughout the lifetime of a 

nuclear power plant. Continuous R&D work is needed in targeted areas to meet the chal

lenges of long term operation of existing and new plants designs. The European project 

STYLE aims to develop and validate advanced methods of structural integrity assess

ment applicable in the ageing and lifetime management of primary circuit components.

There are three large scale mock-up tests in STYLE each of them dedicated to investi

gate specific effects. This paper presents the work related to Mock-up3, which is dedicat

ed to investigate influence of cladding on the crack initiation and propagation as well as 

the transferability of material properties from small scale specimens to a large scale com

ponent.

The performed post-test analyses focus on both the further understanding and interpreta

tion of the Mock-up3 test and on the effect of cladding on structural integrity and LBB be

haviour of reactor coolant pressure boundary components.
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Poster 2

Experimental facilities for Generation IV reactors research in 
Research Centre Rez

T. Popela (1), M. Zychovä (1), Z. Skoumalovä (2)
(1) Materials for Power Engineering, Research Centre Rez

(2) UJV, Rez

Abstract

In this paper, the research infrastructure focused on experiments in supercritical water 

conditions in Research Centre Rez is presented. Currently running facilities such as su

percritical water autoclave and supercritical water loop are described in detail. The cur

rent supercritical water loop operates in out-of-pile regime. The planned supercritical wa

ter loop for fuel qualification testing is designed to operate in in-pile regime which will 

make it unique facility. To be able to perform tests at even higher parameters the ultracrit- 

ical water loop is being designed. These unique facilities will develop further the testing 

possibilities of materials for power engineering in Research Centre Rez.

In the second part of a paper, the results of P91 and P92 steels exposure in conditions of 

supercritical water are presented. These results comprehensibly demonstrate the poten

tial of above-mentioned facilities for material testing.
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Abstract

Future power plants will have to fulfill two requirements: High efficiency and high flexibil

ity. This goes along with increased steam temperatures, steam pressures and a high 

number of load cycles. The components in future 700 °C power plants that are subjected 

to high temperature and loading will be made of Ni-based alloys for temperatures up to 

725°C and austenitic steels for temperatures up to 650°C. In order to assess the material 

behavior for power plant operation up to 725 °C and 350/200 bar pressure two test rigs 

have been installed respectively are currently being installed in the Grosskraftwerk 

Mannheim AG (GKM).

Test rig one (HWT 1 -  “Hochtemperatur-Werkstoff-Teststrecke 1”) is focused on tubes. 

The operation of HWT 1 delivers experiences with the

Oxidative and corrosive behavior of superheater tubes 

creep deformation and rupture behavior of tubes 

oxidative behavior of coated turbine materials 

Operation of high temperature control and shut down valves.

Meanwhile almost 15000 h of operation under more than 700 °C have been accom

plished during the operation of HWT 1.

Test rig two (HWT 2) is aimed towards material behavior of thick walled pipes under cy

clic load conditions with additional superimposed secondary stresses. By injection of 

cooling steam and water 14 thermal load cycles per day can be achieved. Test rig two 

has reached the allotted amount of load cycles and went out of operation in spring 2014.

The main focus of this test rig lays in the

component behavior under primary and additional secondary stresses 

fatigue behavior with temperature cycles between 400 °C and 700 °C 

stress-strain situation in headers

operation of high temperature control and shut off valves 

This paper describes the design, operation and some of the results of both test rigs.
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Abstract

New technologies for low-emission high-efficiency power plants go with significant in

crease of the steam parameters pressure and temperature. Materials used so far for 

boilder applications are not suitable for the areas of highest temperature and stress. Re

heat pipes in such a plant are subjected to temperatures of 725 °C or more. Nickel based 

alloys are suitable for all components subjected to temperatures higher than 650 °C. Due 

to the high strength of these materials seamless tubes with large diameter and compara

tively small wall thickness as needed for reheat piping cannot be manufactured. Longitu

dinally welded pipes are another manufacturing option. However, in this case a high 

quality of this longitudinal weld has to be ensured. To this aim a research project was set 

up to develop a longitudinal seam welding process. The paper describes the development 

steps and the characterization of mechanical and fracture mechanical properties of the 

weld. Metallographie investigations and hardness measurements show no abnormalities. 

The mechanical properties of the welded joint correspond largely to the properties of the 

base material. Fracture mechanics test were carried out to determine the resistance 

against crack initiation and propagation under different loading conditions showing similar 

results to the base material, too.
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Abstract

The remaining lifetime of high temperature components depends in many cases on the 

material behavior at cracks caused during manufacturing or operation. Depending on the 

loading conditions creep, fatigue or creep-fatigue cracks can thereby occur and grow. 

Due to this reason, it is necessary that in addition to non-destructive testing methods for 

the reliable proof of failures, methods are available for the evaluation of detected defects 

and failures under consideration of service loading. Particularly the crack initiation and 

propagation at imperfections of loaded components deserve a reliable quantitative de

scription.

In the present paper basic information of the assessment by fracture mechanics methods 

for components containing cracks and operated at high temperatures are given. Further

more, the available fracture mechanics data and specific values for Alloy 617B are pre

sented and finallyn an example for an assessment of a component made from this nickel 

alloy is discussed. As an example, an analysis using fracture mechanics methods is car

ried out for a valve body with cracks made of Alloy 617B. From the operational data, a 

representative temperature profile was used as the basis for a thermo-mechanical simula

tion for the stress analysis.
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Abstract

Fatigue design curves to evaluate the fatigue behavior of the austenitic cladding of pres

surized components are usually based on experiments with specimens taken from plates, 

pipes or bars. Due to the rapid heat transport into the ferritic base material, the cladding 

has a distinctive anisotropic structure that results from the manufacturing process. There

fore, it may not be assumed a priori that the fatigue curves of the various austenitic prod

uct forms used in the Nuclear Safety Standards are also representative for the material of 

austenitic cladding. It is therefore necessary to determine and assure experimentally a 

fatigue curve for the cladding material and compare the results with the database of aus

tenitic stainless steels used in German NPPs.

The investigations were carried out on the austenitic cladding of a RPV (two layer clad

ding) and the cladding of a PWR coolant piping (single layer cladding) both manufactured 

in accordance with the Nuclear Safety Standards. In the case of the RPV cladding also 

the temperature influence was investigated. Due to the small thickness of the claddings, 

specially designed flat specimens had to be used.

To determine a statistically verified fatigue curve for austenitic cladding, strain-controlled 

uniaxial fatigue tests under alternating loading conditions (R = -1) were carried out at 

room temperature and for the RPV cladding also at elevated temperature (240°C). The 

results of these investigations show, that the fatigue strength of the cladding material is 

quite well represented by the mean data curves and related scatter bands for stabilized 

austenitic steels (at room temperature as well as elevated temperature) determined by 

specimens taken from plates, pipes or bars. The investigations confirm the applicability of 

the current design curves of the German Nuclear Safety Standard (KTA) for austenitic 

materials exposed to air environments to the investigated cladding material.
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Abstract

The hole-drilling method and the ring core method are limited to low residual stresses 

under 60% of the yield stress. This issue experimentally analyses the method of adaptive 

calculation function, presented by the author on the international conference on residual 

stress (ICRS9). With a ball-specimen under internal pressure, a defined stress can be 

triggered. The “residual stresses” for two load cases were measured with the hole drilling 

method, the ring core method and the slitting method configuration. With this test the re

sidual stress calculation will be analysed and used at the “MPA-Großbehälter” a real con

struction part.
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Abstract

Flaw detection and sizing using NDT techniques is an important factor for a reliable as

sessment of the integrity of components. For the inspection of the inner surface of a com

ponent, ultrasonic testing (UT) techniques are commonly used. In the case of dissimilar 

metal welds and austenitic stainless steel welds, the grain structure of the weld in combi

nation with the elastic anisotropy of the material will present major challenges for UT. In 

addition, the detection and evaluation of cracks is affected by the crack properties. The 

complex geometry of inter-granular stress corrosion cracks (IGSCC) dramatically influ

ences the ultrasonic signals. Simple, amplitude-based sizing techniques are usually insuf

ficient. A study on austenitic base metal test blocks with artificially grown IGSCCs has 

shown that the Synthetic Aperture Focusing Technique (SAFT) leads to an improvement 

of the signal-to-noise ratio, particularly for the crack tip signals. In welded test blocks, the 

influence of the inhomogeneous, anisotropic weld has to be considered. In the case of 

single-sided access to the weld, the detection and sizing capabilities of UT are strongly 

affected, and the reliability of the inspection is reduced significantly.
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Abstract

The components of the piping system in the primary circuit of pressurized water reactors 

are subject to both low and high frequency cyclic loading resulting from thermomechani

cal load cycles, fluid dynamic processes and vibrations. Austenitic steel pipes are particu

larly affected by this. In German nuclear power plants, the fatigue resulting from these 

processes is so far only being monitored by indirect methods such as temperature meas

urement using Areva’s “FAMOS” system. A monitoring concept based on a m icrostructur

al approach of materials characterization by non-destructive methods could become a 

strong option in directly characterizing a material’s condition with respect to fatigue dam

age in the future.

in an ongoing collaboration (BMWi contracts 1501409A and 1501409B) between the uni

versities of Saarland and Kaiserslautern as well as Fraunhofer IZFP, an approach based 

on electromagnetic ultrasound is being pursued. Specimens made from austenitic steel 

X6CrNiNb1810 underwent stress and total-strain controlled high cycle fatigue tests at a 

temperature of 300 °C and were characterized in situ using electromagnetic ultrasonic 

sensors. The time of flight and the amplitude of the transmitted ultrasonic signal were 

picked as characteristic values. Both are very sensitive to cycle-dependent microstructur

al changes due to cyclic load and can thus provide a basis for a monitoring concept within 

a proactive aging management.

The measuring concept used and selected results will be presented followed by some 

first conclusions which will discuss the use of this procedure with regard to materials 

characterisation.
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Abstract

Not only in EN1090 is the hardness issue of the edges after thermal cutting addressed. 

Hardness limits are given but for the user there is a threefold challenge:

1. What is the actual hardness?

2. Does it create a problem?

3. What can I do against it?

This article reflects the problems in hardness measuring, shows a new mobile way of 

measurement, and demonstrates a new way how hardened zones can be tempered by a 

special induction technology with extreme field concentration and penetration depth.
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Abstract

The load bearing behavior of piping systems depends considerably on support distances 

and stiffness as well as cross section characteristics. Stiffness of supports can often be 

defined only with difficulty by applying simplified procedures or guidelines based on as

sumptions. Load cases can be estimated quite well, but the safety assessment of a piping 

system can only be as reliable as the system model can realistically describe the present 

support stiffness or imperfections. As a consequence, the prediction of the system re

sponse may be poor. It is likely that calculated frequencies differ considerably from natu

ral frequencies determined experimentally. For systems which show such frequency 

shifts, the predictions of stress analysis may be unrealistic. Examples for overestimations 

and underestimations of stress analyses are given regarding the load case earthquake, 

depending on whether the frequency shift runs into or out of the plateau of the applied 

floor response spectrum.

In nuclear engineering, site-specific seismic loading is of particular importance for the 

design of structures and components located therein. The seismic event leads to loads 

that can exceed those of normal operation and may be relevant to failure. When earth

quakes occur, power plants are subjected to horizontal and vertical vibrations via subsoil. 

These vibrations are transferred to the structure and to machine components which are 

fixed to the structure. Components such as piping systems are mounted to massive con

crete constructions like floors and shear walls. Post-installed fastening constructions with 

anchor plates and anchors have to transfer the forces resulting from the interactions be

tween construction and component. The coupling of the individual sub-systems (structure, 

support, and component) leads to dynamic interactions that are significantly influenced by 

the load bearing behavior of the fastening elements. The influences of interactions are 

going to be investigated numerically and experimentally within the current research pro

ject described here. For the numerical calculation of the test set-up, an elastic -  perfectly 

plastic “fastener element” was coupled with a piping system. The “fastener element” rep

resents the structural part of the system. Resonance excitation of the piping showed, that 

plastic deformation in the “fastener element” leads to smaller piping vibrations due to high 

energy absorption.
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MPA
Universität Stuttgart

The Materials Testing Institute University of Stuttgart carries out the following tasks:

• Research and development work in the areas of:

- Materials and component testing,

- Materials development and optimisation,

- Safety of components and design

• Cooperation with industries, particularly in the area KMU in the fields of technology 

transfer, such as damage prevention, modern computational methods, adequate 

materials selection, adequate materials production methods

• Conformity tests of existing codes and regulations, certification of products

• Cooperation in standard and expert committees, maintenance of DKD positions

• Cooperation with Teaching

As a technical service enterprise, the MPA is a competent partner in industry, who is the 

sole provider of certain customised services. Furthermore, the MPA performs experimental 

work for University institutes and makes its well-equipped facilities available to the Faculty 

of “Mechanical Engineering” and “Civil and Environmental Engineering Science” to be used 

for the education of students. Through this cooperation within the University of Stuttgart, 

the MPA is integrated into the basic scientific and technological research of the University.

MPA staff consults clients in solving technical problems such as building inspection for 

approval of new materials and structures. It deals with scientific and application-oriented 

research projects, helps in developing new products, issues expertises and carries out 

tests within the scope of quality assurance. For this the latest test equipment and methods 

together with supercomputers are implemented.

The scope and significance of these tasks require intensive national and international co

operation especially in view of decision counseling for state and federation administration 

bodies concerning licensing in co-operation with the Technical Inspection Associations 

(TÜV). Consequently, the MPA’s highly competent experts who participate in numerous 

national and international bodies can contribute to the compilation of technical guidelines 

and standards world-wide.

As a public organization the Materials Testing Institute works under public law is independ

ent and unbiased. Therefore, judicature frequently asks members of the MPA staff to act as 

expert or chief expert in assessing damages for a court of law.
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The scientific staff lectures at national and international conferences about their research 

work the results of which are published in international scientific journals. Some of these 

co-workers lecture at the University and conduct professional training at polytechnics.

Since the Single European Market was launched in 1993 all test and research laboratories 

are subject to the criteria for conducting tests according to the European Standard DIN EN 

45001. The accreditation by the German Accreditation System Test Body GmbH (DAP) 

formally recognized the MPA’s competence in performing tests. The test laboratory “auto

motive safety” has also been accredited by the Federal Motor Transport Authority 

(Kraftfahrt-Bundesamt (KBA)).

The German Calibration Service (Deutscher Kalibrierdienst, DKD) has accredited the MPA 

as calibration laboratory for measurands force and pressure. The National Metrology Insti

tute (Pyhsikalisch-Technische Bundesanstalt, PTB) has accredited the MPA for calibrating 

materials testing machines and electrical measurands.

The MPA is recognised as a testing, surveillance and certification body of controlled and 

uncontrolled constructions. As a construction supervision authority it is acting within Ger

many together with the German Institute for Construction (DIBt) in Berlin, and within Eu

rope together with the EC in Brussels. Its staff is represented in virtually all expert commit

tees of the DIBt.
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