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Abstract: Creep-fatigue is a damage mechanism where cyclic deformation damage (fatigue) is enhanced by creep damage and vice 
versa. Factors affecting the creep-fatigue damage are stress level (or, equivalently, strain range), temperature, hold time period, 
material softening/hardening and number of cycles. Moreover, environmental effects can accelerate the creep-fatigue interaction 
(oxidation, hot corrosion, irradiation, etc.). The activity described in this paper was planned to perform tests on 9Cr-1Mo 
ferritic/martensitic steel (P91) combining fatigue cycles and constant tensile and compressive holding periods. A preliminary basic 
fatigue characterization campaign in the LCF (low cycle fatigue) regime was carried out by performing a series of strain controlled 
tests, each at the same temperature (550 °C), using two different values for the total strain range (1% and 0.6%) and the same total 
strain rate (2×10-3 s-1). The tests were carried out with a strain ratio of –1, i.e., in fully reversed cyclic conditions. In this paper we 
illustrate the results obtained by testing in air P91 (9Cr-1Mo) ferritic/martensitic steel, introducing different dwell periods (either in 
strain or load control) and observing how these affect the fatigue life of the specimens. The final aim of the activity is to investigate 
how much detrimental is the effect of the holding periods on the fatigue life in order to validate the creep-fatigue interaction diagram 
presently adopted in RCC-MRx code for the P91 steel. 
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1. Introduction 

Modified 9Cr-1Mo steel is a candidate steel for use 

in steam generators of nuclear power plants, to 

achieve a design life of 60 years and operational 

temperature 550 °C. To ensure the longevity and safe 

operation of a nuclear power plant, it is essential to 

prevent creep-fatigue damage and evaluate long-term 

creep-fatigue life. The linear damage rule is the most 

well-known method that is typically used to evaluate 

creep-fatigue life. When the linear sum of fatigue 

damage and creep damage of a material reaches a 

critical value, the material fails. Creep damage is 

typically calculated using time fraction rule or 

ductility exhaustion approach. The following Eq. (1) 

[1] is used to evaluate creep-fatigue life by the time 

fraction rule: 
ே

ே೑ሺ೑ೌ೟೔೒ೠ೐ሻ
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where, N = Number of cycle to failure in the tested 
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condition; Nf(fatigue)= Number of cycle to failure in 

LCF conditions; tH: hold time (hrs); tR: creep rupture 

time (hrs); D: failure criterion. The failure criterion 

varies in agreement with the adopted standards. 

Criterion D is described by a curve in a “fatigue 

damage—creep damage” plot. A curve that bilinearly 

connects (1, 0); (0.3, 0.3) and (0, 1) coordinates is 

employed in the RCC-MRx code [2] while the bilinear 

correlation between (1, 0); (0.1, 0.01) and (0, 1) 

coordinates is adopted in the ASME code [3] (Fig. 1). 

One of the objectives of the present work is to clarify 

the discrepancy between the two curves of damage 

limit. The first and second items in the left side of Eq. 

(1) are fatigue damage and creep damage, respectively. 

The time fraction rule requires a creep rupture curve 

to evaluate creep damage. In ASME III NH [3], JSME 

[4] and RCC-MRx [2] the calculation procedure of 

creep damage utilizes the time-fraction approach, 

while BS-R5 [5] is currently the only code following a 

“ductility exhaustion” methodology. 
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test condition appears even beneficial for some of the 

tested specimens. The most critical tests, namely the 

closest points to the RCC-MRx curve, are the “RF 

mixed”, namely the ones with same HT duration 

repeated both in tension and compression. This 

depends on the fact that creep damage has not been 

calculated for compressive hold times. The main 

outcome of this activity concerns the update of the 

RCC-MRx Code, as long as this experimental 

campaign resulted successful in validating the 

creep-fatigue interaction diagram. Every experimental 

condition, in fact, falls in the “unsafe” zone of the 

creep-fatigue interaction diagram, according to the 

RCC-MRx curve.  
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