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conservative leading to oversized components. Therefore, positive effects should be considered as well in 
the framework of a comprehensive and detailed analysis making sure not to overdesign components.  
When taking a closer look on the operational behavior of primary circuit components, fatigue loading is 
mainly defined by long steady-state periods with no significant changes in the loadings and by normally 
short outage periods with no thermal loading. For example fatigue of a PWR surge-line is mostly caused 
by short in-surge and out-surge events during start-up and shut-down of the plant. Normal operation 
transients do not cause fatigue relevant events in the surge-line due to low stratification and thermal 
transients. Fatigue of PWR spray-lines is primarily generated by very few spray-events during a one-year 
period of operation. Spray events are mainly caused by significant load ramps. Subsequently the fatigue 
status is controlled by long periods with no fatigue relevant loading at operating temperature and few 
additional loading patterns in between.  
Anyhow, no quantifications of these hold time effects have been published in recent years. Within this 
publication an engineering based approach will be developed to quantify the hold time effect based on 
literature and published data. On the basis of a practical example the influence of hold time effects will be 
quantified in an engineering approach. 
 
FROM OPERATIONAL CONDITIONS TO LABORATORY EXPERIMENTS 
In recent years some R&D activities have indicated already, that there might be benefits to the fatigue 
lifetime of components when taking operational-like transients into account. By means of this, it is worth 
to take a closer detailed look to long term fatigue evaluation by intensively analyse temperature 
measurement data.  
 

 
Figure 1: Temperature Measurements of a Surge Line. 

 
 
Such an evaluation is shown in Figure 1 where a one-year representative temperature measurement 
history at the surge line of a PWR is depicted. Relevant loadings of PWR surge lines are caused by in-
surge and out-surge events of coolant medium from the pressurizer into the main coolant line or vice 
versa. These events occur when the main coolant pumps are turned on/off, i.e. during start-up respectively 
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So, the following proposal is introduced for the influence function, producing a straight line in a log-log 
coordinate system: 

௛݂௢௟ௗሺܰሻ ൌ ܥ ∙ ܰఈ	.  (4) 

Considering Figure 2, one gets ܥ ൌ 0.7972		and ߙ ൌ 0.02461	.  
 
This leads to the preliminary influence function as shown in Figure 4: 

௛݂௢௟ௗሺܰሻ ൌ ቐ
1.0 ݎ݋݂ ܰ ൑ 10ସ

0.7972 ∙ ܰ଴.଴ଶସ଺ଵ ݎ݋݂ 10ସ ൏ ܰ ൑ 10଺

1.12 ݎ݋݂ ܰ ൐ 10଺
 (5) 

This influence function is a first approach to describe the beneficial hold time effect in terms of an 
increasing endurance limit based on the available relevant test results. As the factor is applied to the strain 
(stress) amplitudes and as the fatigue curves are strongly non-linear (e. g. Figure 2), the impact on the 
results in terms of cycles is essentially larger than on the strain (stress) amplitudes. 

 

 
 

Figure 4: Hold Time Influence Factor for Design Stress Intensity.  
 

 
NUMERICAL APPLICATION 
Being aware of the preliminary character of the defined influence factor and only to show the possible 
impact on fatigue results, in this section the hold time effect is applied to the fatigue evaluation of power 
plant components made of the austenitic stainless steel 1.4550, e.g. surge lines and spray lines in PWR.  

 
The first step is to define an adjusted fatigue design curve under consideration of the influence factor 
from Figure 4. In Figure 5, the effect is exemplarily shown for the fatigue design curve for austenitic 
steels 1.4550 and 1.4541 at temperatures greater than 80 °C as used in the German KTA code 3201.2 
revision 2013. 
 
The impact of the hold time effect to the fatigue usage is exemplarily shown for the load counting list of a 
typical NPP primary circuit component. This load counting list is a result of a fatigue analysis for this 
component and describes the relationship between cyclic load and fatigue usage, see Table 1. The cyclic 
load is given in Table 1 as temperature stratification, measured at this component, and the corresponding 
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stress amplitude. The fatigue usage is represented by the number of allowed cycles as read from the 
fatigue design curve with respectively without hold time effect. In this example, the reduction in fatigue 
usage per cycle is up to one third in the lowest temperature class, while no reduction will occur in the 
maximum temperature class. The maximum possible reduction has to be expected in direct vicinity to the 
endurance limit and can reach values greater than 1000. So, the resulting overall reduction is strongly 
dependent on the component specific load history.  
 

 
 

Figure 5: Hold Time Effect applied to Fatigue Design Curve for Austenitic Steels from KTA Code. 
 

  
Table 1:Impact of Hold Time Effect on Fatigue Usage. 

 
 

CONCLUSION 
Fatigue performance of Niobium stabilized austenitic stainless steel (X6CrNiNb1810 mod) has been 
studied using specimens extracted from a NPP primary piping material batch. In this context, 
transferability of laboratory test results has been addressed. Good fatigue performance was demonstrated 
in the room temperature air condition, which is specified for determination of ASME III design curve. 
Our data is in line with the 2013 revision of the German KTA design curves.  
 
Temperature and strain rate effects are nowadays generally considered for fatigue usage in hot water 
environment. In addition, they should not be ignored as contributors to design factors also in air 
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environment. Actually our data (not presented here, see PVP2014-28465) indicates that notable part of the 
measured “environmental effects” Fen are not due to water, but other test parameters used in hot water.  
 
Another transferability challenge rises from thermally activated hardening, relaxation of internal stresses 
and seemingly also recovery of deformation induced damage during hot holds. Laboratory tests 
simulating the effect of normal operation between fatigue relevant transients consistently reveal stress 
strain responses different to continuous standard tests and good evidence is obtained that this can be 
linked to extension of life. A correlation between life extension and number or duration of holds is 
observed. However, in this paper presented numerical model is based on tests with small amounts of short 
duration holds.  
 
Effects of environment, temperature and loading patterns (including hold times at operational 
temperatures) shall be all considered together with the design procedure. Only doing so, we can maintain 
transferability of fatigue data to NPP component design and fatigue usage assessment.  
 
As an engineering approach to account for the hold time effect in fatigue evaluation, an influence factor to 
the fatigue curve is proposed. Based on ongoing current research activities the numerical model might be 
revised when further relevant data is available. A numerical example is shown to have an impression of 
the possible impact of this effect to fatigue results. As the strongest reduction in fatigue usage is found at 
load amplitudes next to the endurance limit, while no reduction occurs at high amplitudes, the impact of 
the hold time effect on fatigue results is strongly dependent on the component specific load history. 
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