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Abstract 
Fatigue strength evaluations have been performed to the pressurizer component in 
Pressurized Water Reactor. Fatigue is the main failure mechanism of material during 
system in operation. Therefore, this evaluation becomes important to be performed 
since the pressurizer has a very important function in the reactor’s system. Analysis 
was performed by using Nuclear Power Plant operation data from 40 years operation 
and base on Miner theory. This analysis covered all stress level experienced by the 
reactor during the service. To determine the value of fatigue usage factor α, fatigue 
curve of SA 533 material was applied. Analysis results show that the cumulative 
fatigue damage during 40 years in operation is 4,23×10−4. This value still far enough 
below failure criteria, which a value is 1. Therefore, the pressurizer design has already 
fulfilled the design qualification in term of fatigue aspect. 
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1. Introduction 
Primary cooling system of Pressurized Water Reactor (PWR) has a high operating 
pressure of about 15 MPa [1]. So that the main components in the nuclear island, that 
are reactor pressure vessel, pressurizer, steam generators and the primary coolant 
piping system should be able to retain this operating pressure. Therefore, the integrity 
of the mechanical structure of these components must be guaranteed for all 
operation condition including severe accident and transient conditions. It’s known that 
one of the main causes of catastrophic failure of a structure is due to fatigue 
phenomenon [2]. Fatigue is the phenomenon in which lead into material degradation 
due to cyclic loading. Fatigue phenomenon may also occur in the main nuclear 
components during reactor service life due to transient condition such as reactor 
start-up and shut-down, increasing and decreasing power. These transient conditions 
will generate cyclic loads to the structures. These loads could be a mechanical load 
or/and thermal load due to temperature stratification. During normal conditions, 
reactor components were designed to have long fatigue life. However, the operating 
conditions and environment could shorten the fatigue life. Extreme environmental 
conditions could induce corrosion to the material. Corrosion will initiate fatigue crack 
prematurely [3, 4]. By these reasons, many studies related to the fatigue and fatigue 
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crack propagation characteristics of the reactor components and associated factors 
have been intensively performed [5, 6]. 

Pressurizer is one of the safety-related reactor components which have a 
function to maintain the reactor operating pressure. As a result pressurizer endures 
various types of loads. Therefore the structural integrity of the pressurizer should be 
determined through conservative stress analysis and should fulfil design requirement 
and stress limit which corresponds to the design conditions and additional conditions 
[7]. 

In this study, the fatigue life analysis was done for pressurizer components by 
calculation method. The results of the analysis are then compared with the standard 
design in order to determine the reliability of pressurizer. 

 

2. Theory 
Fatigue strength (it’s also called as fatigue limit or endurance limit) of material is 
determined by performing fatigue testing using several number of specimens and 
varying alternating stress amplitude (σa) and mean stress (σm). The tests are 
performed until the specimen fracture with the cycle number of Nc or exceeds NL  [8]. 
Testing results then, are plotted on the graph represent the relationship between 
stress (σ)  cycle number (N). This diagram is well known, as fatigue curve or 
Wohler diagram. In general, this diagram is drawn in log σ – log N coordinate as 
shown in Fig. 1. Fatigue curve in log σ – log N coordinate is a polygonal line. For 
exception, the transition part is a curve. The intersection between an oblique line and 
horizontal line represents theoretical limit of cycle and denoted by N0. In performing 
fatigue testing, the type of loading was determined as an actual load type in the 
operating system. Thus, the load type could be either tensile loads, torsional load, 
bending load, rotating-bending load, etc. In a detailed Wohler diagram, the diagram 
area is divided into three parts, namely the low-cycle fatigue strength (LCF), high-
cycle fatigue strength (HCF), and sub-fatigue limit (SF) as shown in Fig. 2. 
 

 

Figure 1. Fatigue diagram for Ferritic steel SA 533 B [9]. 
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Figure 2. Wohler Diagram which include zone of low-cycle fatigue strength (LCF), high-cycle fatigue 
strength (HCF), and sub-fatigue limit (SF) [8] 

 
Design of reactor components should conform to a specific standard applied in 

vendor countries such as ASME standards which is applicable in the United States [7]. 
The standard sets all the parameters or mechanical behavior of the material used in 
the reactor, including fatigue aspect. The ASME standard section III Division 1, Sub 
Division NB was applied to the design of nuclear reactor components. Therefore, in 
this study, the fatigue strength analysis were performed according to this standard. 

Fatigue strength analysis is performed using the peak stress which is a resultant 
of various loads in each level of operation. Then, amplitude stress (Sa) were calculated 
using peak stress according to equation (1) [9]. 
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The value of stress amplitude (Sa) is put in the S-N curve shown in Appendix I of 
ASME section III (see Figure 1) in order to determine the fatigue life of components. 
However, the fatigue life determined here is the life represents for one loading level, 
only. In fact, in the real operation, each reactor component may experience various 
loading levels and various cyclic numbers. To determine the accumulative fatigue life 
due to various loading levels, fatigue usage factor method was applied. Fatigue Usage 
Factor was calculated by Miner method and according to equation (2) and (3). Firstly, 
each ratio between loading cycles during reactor operation with the number of cycles 
at Wohler diagram for a certain loading level was calculated using equation (2). After 
all loading levels were calculated, then cumulative fatigue damage was calculated 
using equation (3). From this calculation, the value of the cumulative fatigue usage 
factor in a structure should not exceed 1. The value of 1, it means the components will 
experience failure due to fatigue phenomenon. Therefore, value 1 represents failure 
criteria. 
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with α is cumulative fatigue usage factor, n is cycle number during reactor operation 
for one loading level, N is cycle number in Wohler diagram for associated loading 
level, and CFD is cumulative fatigue damage. 

3. Methodology 
As described in the previous section, in this study, the fatigue strength analysis were 
performed to the pressurizer with a design as shown in Fig. 3. Ferritic steel of type SA 
533 B was used for pressurizer material as those used in reactor pressure vessel. 
Design parameter of pressurizer was shown in Table 1, whilst mechanical properties 
and thermal properties of material were shown in Table 2. 

No Parameter Value 

1 Pressure design, MPa 17.58 

2 Temperature design, °C  371 

3 Normal operation pressure, MPa 15.82 

4 Normal operation temperature, °C 344 

5 Vessel volume, m3 68 

6 Water volume under normal operation, m3 31.4 

7 Steam volume under normal operation (full capacity), m3 36.5 

8 Installed heater capacity, kW 2,400 

TABLE 1. Design parameter of pressurizer 

No Sifat Material Nilai 

1 Young Modulus E (GPa)  191 

2 Poisson Ratio; υ 0.3 

3 k (W/m °C) 40.9 

4 ρ (kg/m3) 7784 

5 α ( m/m °C ) 12.5 e−6 

6 Yield Stress ;MPa  345 

7 Ultimate tensile strength, MPa 550 - 690 

TABLE 2. Mechanical and thermal properties of SA 533 B material 

In the analysis of fatigue strength, the stress values which occur during reactor 
operation (for a specific load level) and cycle number were needed. In the operation 
of nuclear power reactors, the operating level is divided into five levels, namely the 
operating conditions level A, level B, level C, level D and testing conditions [7]. For 
each level there are a several stress value with a certain cycle number. In this 
analysis of the fatigue strength, the stress value and the frequency of occurrence 
data are as a result from the operation of the reactor for 40 years. These data are 
shown in Table 3 [11]. 

Operation conditions Level C and Level D are not taken into account because of 
the frequency of occurrences are very rare. Emergency Conditions and infrequent 
Incidents are categorized into operating conditions Level C while faulted and Limiting 
Conditions Faults are categorized into operating conditions Level D. Likewise, the test 
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conditions are not considered in this analysis because small number of occurrences 
during reactor’s service life. 

 
 

 
Figure 3. Schematic design of pressurizer vessel 

 

Load No Transient Design Stress value (MPa) Cycles during 
40 years 

Max. Min. 

Le
ve

l A
 

1/2 
3 

4/5 
6/7 
8 
9a 
9b 
10 

11/12 

Heat-ap/cooldown 
Unit loading/unloading 
Plant loading/unloading 
Step load change of 10% 
Steam dump 
Steady state fluctuation (A) 
Steady state fluctuation (B) 
Feedwater cycling 
Loop out service 

160,9 
159,2 
160,7 
164,4 
167,5 
160,9 
161,3 
154,9 
167,6 

0,0 
160,6 
158,0 
157,6 
150,5 
158,8 
160,5 
162,9 
160,4 

200 
500 

13.200 
2.000 
200 

1,5×105 
3×106 
2.000 

80 

Le
ve

l B
 

15 
16 
17 

18a 
18b 
18c 
19 
20 
21 
22 

Loss of load 
Loss of Power 
Partial loss of flow 
Reactor trip A 
Reactor trip B 
Reactor trip C 
Inadvertent depressurization 
Inadvertent startup 
Control rod drop 
Inadvertent safety injection 

187,7 
176,0 
164,7 
160,9 
160,9 
160,9 
160,9 
167,5 
160,9 
164,0 

131,7 
132,1 
138,2 
142,7 
114,5 
114,5 
9,3 

142,1 
131,0 
143,7 

80 
40 
80 
230 
160 
10 
20 
10 
80 
60 

TABLE 3. Load condition : Level A and Level B [7] 
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4. Result and Discussion 

Table 4 shows CFD analysis results below. In this table, column which indicates 
transient conditions are removed and denoted by number which has correlation with 
Table 3. Δσ shows the stress amplitude representing a stress difference between the 
maximum and minimum stress. The notation which represents number of cycles for 
40 years was changed became ni. Ni column states the fatigue life at a certain stress 
level, which is determined by S-N curve as shown in Figure 1. In this analysis, S-N 
curve of SA 533 B under water and temperature 288 °C was used. In this figure, S-N 
graph of ASME standard and various result from different strain rate were plotted. 
Furthermore, cumulative fatigue damage, α, was calculated using equation (2). 
 

 

 
TABLE 4. Calculation result of Cumulative Fatigue Damage 

As shown in Figure 1, curve C has endurance or fatigue limit at stress value of 
about 90 MPa. Thus, stress values below 90 MPa will not result damage in material 
due to fatigue phenomenon. However, to quantify the value of α at all stress levels in 
Table 4, for stress values below 90 MPa, we assume to have Ni of 1.0 × 1010. After all 
of α value were calculated, then summed to obtain the CFD. 

The calculation of cumulative fatigue damage from ASME Standard Curve gave a 
result to a value of 4.85 × 10−3. This value is extremely small compared to the value of 
1, where a value of 1 indicates that the components will fail due to fatigue 
phenomena. As shown in Table 4, that the value of CFD = 4.85 × 10−3 is accumulated 
during 40 years of reactor operation. Thus, it can be assumed, with the same mode of 
operation, the reactor is still safe from the phenomenon of fatigue even it’s operated 
for 80 years. However, in real operation experience, a lot of reports of leaks in 
nuclear reactor safety component triggered by corrosion phenomena. Which resulted 

Load No. Nilai tegangan (MPa) Δσ  
(MPa) 

ni Ni α 

Maks. Min. 

Le
ve

l A
 

1/2 
3 

4/5 
6/7 
8 
9a 
9b 
10 

11/12 

160,9 
159,2 
160,7 
164,4 
167,5 
160,9 
161,3 
154,9 
167,6 

0,0 
160,6 
158,0 
157,6 
150,5 
158,8 
160,5 
162,9 
160,4 

160,9 
1,4 
2,7 
6,8 
17 
2,1 
0,8 
8 

7,2 

200 
500 

13.200 
2.000 
200 

1,5×105 
3,0×106 
2.000 

80 

4,8×104 
1,0×1010 
1,0×1010 
1,0×1010 
1,0×1010 
1,0×1010 
1,0×1010 
1,0×1010 
1,0×1010 

4,17×10−3 
1,0×10−8 
1,32×10−9 
2,0×10−10 
2,0×10−8 
1,5×10−5 
3,0×10−4 
2,0×10−10 
8,0×10−9 

Le
ve

l B
 

15 
16 
17 

18a 
18b 
18c 
19 
20 
21 
22 

187,7 
176,0 
164,7 
160,9 
160,9 
160,9 
160,9 
167,5 
160,9 
164,0 

131,7 
132,1 
138,2 
142,7 
114,5 
114,5 
9,3 

142,1 
131,0 
143,7 

56 
43,9 
26,5 
18,2 
46,4 
46,4 
151,6 
25,4 
29,9 
20,3 

80 
40 
80 
230 
160 
10 
20 
10 
80 
60 

1,0×1010 
1,0×1010 
1,0×1010 
1,0×1010 
1,0×1010 
1,0×1010 
5,5×104 
1,0×1010 
1,0×1010 
1,0×1010 

8,0×10−9 
4,0×10−9 
8,0×10−9 
2,3×10−8 
1,6×10−8 
1,0×10−9 
3,6×10−4 
1,0×10−9 
8,0×10−9 
6,0×10−9 

      CFD= 4,85×10−3 
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in the occurrence of corrosion or pitting of the notch on the surface of the material, 
can spread into larger cracks due to repeated load. 

 
 

 
 
 
 
 

TABLE 5. Calculation result of CFD using S-N Curve with various strain rate 
 

Table 5 shows CFD calculation results from ASME standard curve and various 
condition with different strain rate. CFD from ASME standard curve has the smallest 
value, whilst the smallest strain rate has the biggest CFD value. From this table, it is 
known that CFD depends on the strain rate. Even for the biggest CFD value, it is still 
smaller than 1. 

From the results of this analysis can be seen that the design of the pressurizer has 
fulfilled the requirements of fatigue strength aspect. 

 

5. Conclusion 
Fatigue strength analysis of pressurizer design were performed. Analysis were 
performed using nuclear power plant operating data to define various types of stress 
levels that occur in the pressurizer and cycle / frequency of the stress. Data refer to 
the operating history for 40 years. From the results of analysis, depends on ASME 
standard curve and various strain rate, show that the value of cumulative fatigue 
damage varies from 4.85 × 10−3 to 4.50 × 10−2. The upper value is still smaller than 1. It 
can be concluded that the design meets the standards pressurizer analyzed from the 
aspect of fatigue strength. 
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