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Abstract; Over 80% of metal structural failure is caused by fatigue. In opening nozzle case, the parametric model of

pipe connection structure was established by ANSYS. According to the results of elastic and elastic-plastic stress

analysis, fatigue assessments were carried out respectively with the methods of ASME VI-2 code and EN 13445 code.

Detailed comparison of fatigue life was made between numerical simulation and fatigue experiment. The results show that

all the permissible numbers of cycles obtained from different assessment methods are less than the actual life of

specimen. The elastic stress analysis method from ASME VI[-2 code and the detailed assessment of fatigue life from EN

13445 code are closer to the test value than others.
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Figure 2 Sample structure diagram of table 1
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Figure 3 Sample structure diagram of table 2
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Table 1 Model structure and test data Table 2 Model structure and test data
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HAE  EREE HRE BE —m———— Hiz T JE HiE ¥ / -/
i P /MPa P /MPa Hhvn i P max Pmin FEfrn
Dy/mm  T/mm do/mm  t/mm * max min Dy/mm  T/mm  dy/mm  t/mm MPa MPa
1 325 10 44.2 7.0 1.2931 0.12931 180 200 3 25389 510 00
2 325 10 442 7.0 1.3272 0.13272 182 100
24 25.389 513 00
3 325 10 140.2 11.0 1.1223 0.11223 150 900
4 325 10 159.5 15.9 1.3272 0.13272 104 800 2 22.712 87500
5 325 10 159.3 22.0 1.4199 0.14199 155 000 26 22.712 103 000
6 325 10 159.3 22.0 1.3760 0.137 60 149 700 27 342.900 19.050 50.700 9.525 46.884 0.000 999 O
7 325 10 252.0 22.0 1.1174 0.11174 90 100 28 46. 884 109 00
8 325 10 252.0 22.0 1.1711 0.11711 42 100
29 39.341 188 00
9 325 10 268.3 32.0 1.1711 0.11711 79 600
10 600 20 303.7 340 1.3367 0.13367 79400 30 34.149 469 00
11 600 20 303.7 34.0 1.2839 0.12839 72000 31 34.149 53500
12 600 20 303.7 34.0 1.2997 0.12997 72 800 32 34.474 491 00
13 325 20 44.2 7.0 2.7821 0.27821 41200 kB 2 AL HI T Ay 1. 588
14 325 20 44.2 7.0 2.5503 0.25503 105 400
15 325 20 159.3 22.0 2.2075 0.22075 171200 k3 BA M RGR IR
16 325 20 159.3 22.0 2.3184 0.23184 86 400 Table 3 Model structure and test data
17 325 20 244.6 22.0 2.3083 0.23083 43 300
18 325 20 244.6 22.0 2.0664 0.20664 119900 - (L2 N 1 N < G - < R E S —
= 2 ” I\,
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21 325 20 139.1 11.0 1.9959 0.19959 91 000 3 37,296 6 500
22 325 20 139.1 11.0 1.9051 0.19051 128 000
34 35.317 7 600
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Table 4 Material properties
p— — oo VRN S1 Jeth IR PrisE LA IR,
614 3
* " $/MPa S,/MPa S,/MPa E/GPa S
F#1 1~22 faik 4N 180 283 434
e 174 262 446
%2 23 ~26 fatk A201A 162 244 388
27 ~32 B A302B 275 533 660
: 201 0.3
%3 33~36 BTN FTW60 285 617 686
40 ~43 BE JISSF60 235 353 597
37~39 ik FTW60 285 617 686
e 302B 269 496 647




(A5 - i&it]

DX, F B FREENESICHEE SRS FHHR - 45 -

2.2 ARTER
2.2.1 RN R

H1 TS5 A RN A X R, 57 174 SRR H
SMEELNIIE S SN L VN P iw NS Uk VWAL UE - § IS
& o R 53R ] SOLID 186 FA.G, Xif A4 K LK it
DI R I A B, [RIIRE, SRy A6 D5 9 P P T
O RSN AR 67 A B S T A Y Y
P 55 PR RRFIE B RO RS 0. 20, DABERY 1 S ], e
SRR RS S 7S DL AN 5 s

(a) SEARBER

(b) Mk &7y

S BEAL 1 AR A o AR 5
Figure 5 Solid and mesh model of model 1
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Figure 6 Mises stress range calculations of model 1
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Table 5  Cyclic stress-strain curve parameters

and yield point of model 1
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Table 6 Plastic stage material property data of model 1 I/MI 5.145
KA 448.886
I AT h1 4T BRI 4 )R
SRR/ MPa SIPER SR %) L/ MPa S R A
1 379.016 1 0.000 000 000 422.793 3 0.000 000 000
2 400.000 0 0.000 020 938 450.000 0 0.000 030 515
3 450.000 0  0.000 112 940 500.000 0 0.000 143 760
4 500.000 0 0.000 308 340 550.000 0 0.000 397 080
5 550.000 0 0.000 693 470 600.000 0 0.000 924 030 T v e
6 600.000 0 0.001 400 000 650.000 0 0.002 000 000 (@) 28 A Fi
7 650.000 0 0.002 700 000 700.000 0 0.003 900 000
¥
8 700.000 0 0.004 800 000 750.000 0 0.007 300 000 /M 0.000 000
9 750.000 0 0.008 200 000 800.000 0 0.013 100 000 B KA 0.001 678
10 800.000 0 0.013 700 000 850.000 0 0.022 800 000

LA PRICIH RS , B 1 S8R ) Y5 R R (N
448.886 MPa; 4 5t B35 i 28 3 Fil 155 45 R e KAH N
0.001 678, 4N/ 7 7w o
3 EFHELREST
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27, Figure 7 Elastic plastic stress analysis of sample 1
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Table 7 Summary of fatigue assessment results

n W57 i B W57 1
FER 2455 R i 5 —
Jidi— Tk J= Tk Jidi— ik k= Jrkp
1 13.047 10.210 24.600 8.270 23 9.032 6.705 9.351 7.492
2 14.367 11.354 26.973 9.072 24 9.085 6.744 9.406 7.536
3 8.979 7.764 27.279 5.550 25 9.499 7.600 11.312 8.342
4 7.642 6.718 20.588 4.699 26 11.182 8.946 13.316 9. 820
5 8.147 7.085 20.444 5.0374 27 12.784 6.945 13.790 4.380
6 7.081 5.969 17.887 4.367 28 13.948 7.578 15.046 4.779
7 3.805 3.384 17.775 3.483 29 4.290 5.455 13.972 4.910
8 2.188 1.776 9.625 1.658 30 6.041 6.974 22.492 6.241
9 2.038 1.799 12.213 2.662 31 6.891 7.956 25.657 7.119
10 4.132 5.212 13.391 2.856 32 6.533 7.639 24.284 6.705
11 3.272 2.281 10.716 2.268 33 16.575 4.820 9.1058 4.499
12 3.448 2.635 11.255 2.388 34 13.805 4.195 8. 662 4.251
13 3.924 3.237 8.369 2.534 35 12.129 3.940 9.070 4.358
14 7.544 6.015 16.308 4.957 36 7.257 3.309 9.441 4.157
15 8.923 7.174 17.788 5.631 37 33.133 12.675 21.466 5.796
16 5.305 4.504 11.461 3.347 38 30.434 12.295 23.892 6.613
17 5.075 4.421 10. 389 3.122 39 11.086 6.497 16. 861 4.306
18 9.803 8.320 20. 345 6.049 40 4.921 1.680 3.867 1.758
19 5.287 4.523 13.189 3. 606 41 3.446 1.602 4.609 1.933
20 2.817 2.517 6.369 1.785 42 3.150 2.2617 7.578 2.891
21 6.678 5.581 22.197 4.176 43 1.785 1.611 6. 600 1.994
22 8.050 6.676 26.985 5.055
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Figure 8 Model of fatigue rating of table 1
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Figure 9 Model of fatigue rating of table 2
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Figure 10 Model of fatigue rating of table 3
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