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Fatigue Analysis of Pressure Vessel in View of Wind and Seismic Loads
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Abstract

Fatigue life prediction of pressure vessel is studied analytically using cumulatvie damage
models and linear elastic fracture mechanics method. The stresses are analyzed by finite element
method. During operation, the maximum stress occurs at the outside of neck region while fatigue
analysis indicates that the bottom of nozzle part has the shortest fatigue life. Previously proposed
fatigue life prediction equation and cummulative damage model are modified successfully by
introducing reference fatigue modulus. It is found that the modified life prediction equation and
damage model are useful for lower stress level application.
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Table 1 Chemical composition and mechanical properties

(a) Chemical composition, weight percent

C Si Mn P S Cu Ni Cr Mo
0.19 0.23 1.08 0.008 0.003 0.17 0.18 0.25 0.01
(b) Mechanical properties
Yield strength | Tensile strength | Shear strength | Elongation in Hardness Modulus
MPa (ksi) MPa (ksi) MPa (ksi) 200mm HB MPa (ksi)
(8 in)
339(49.2) 523(75.8) 367(53.2) 32% 144.8 1.924X10°(2.79x10%
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Fig. 1 Failure modulus concept
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Fig. 2 Overall finite element model of the vessel
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Table 2 Load conditions

Load step Pressure MPa (ksi) Temperature®C Fatigue cycle
Shop test 1 1.0301(0.1494) 21.11 2000
Field test 2 0.9565(0.1387) 21.11 500
Operation 3 —0.1035(—0.0150) 105.
4 0.4705(0.0683) 125.
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\/ Fatigue Cycle

Fig. 7 Maximum and minimum stress intensity, rela-

& A3 7= (relative stress intensity) 9} tive stress intensity and alternating stress
o] 23 7}x (alternating stress intensity) 5-& intensity
Table 3 Stress intensity and fatigue life at the stress amplitude
Load step SI Sr Se Sa’* Se'/Sau(g)** N
MPa (ksi number of cycles
Region ]
Sh t . . . 12.
op tes 1 209.9 1209.9 | 105.0 112.9 0.0283 205630
(30.4) |(30.4) | (15.2) (16.4)
Field test . . 1 .
ield tes 2 195.2  [195.2 98 105.5 0.0264 282335
(28.3) |(28.3) | (14.2) (15.3)
Operation with wind & seis- 3 —-91.2
mic load (—13.2) (255.1 | 127.6 139.0 0.0348 96362
4 163.9 |(37.0) | (18.5) (20.2)
(23.8)
Region [
Shop test 1 208.0 |208.0 | 104.0 111.8 0.0277 216257
(30.2) [(30.2) | (15.1) |(16.2)
Field test 2 193.3 [193.3 96.6 104.0 0.0260 299818
(28.0) [(28.0) | (14.0) (15.1)
Operation with wind & seis- 3 383.6
mic load (55.6) |181.2 90.6 99.3 0.0248 374751
4 564.8 [(26.3) | (13.3) (14.4)
(81.9)
Region [
Shop test 1 405.2 1405.2 | 202.6 217.8 0.0545 18736
(58.8) |(58.8) | (29.4) (31.6)
Field test 2 376.7 |376.7 | 188.4 202.6 0.0507 23533
(54.6) |(54.6) | (27.3) (29.4)
Operation with wind & seis- 3 —63.3
mic load (—9.2) [129.8 64.9 70.7 0.0177 10°
4 —193.1 |(18.8) | (9.4) (10.3)
(—28.0)
*Sa'=S.[E (given in chart)/E (used material)] [ref.(9)]

** Sau=23999MPa (580ksi)
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Table 4 Compa;ision of predicted service life (number of cycles)

Miner Hashin & Rotein Proposed LEFM
Region | 95254 94881 94457 95368
Region [ 370660 371355 371050 310722
Region I 872006 943895 777094 850941
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